BJR © 2020 The Authors. Published by the British Institute of Radiology

https://doi.org/10.1259/bjr.20190496
Accepted:

Received:
29 October 2019

Revised:
03 June 2019

19 October 2019

Cite this article as:
Guha A, Connor S, Anjari M, Naik H, Siddiqui M, Cook G, et al. Radiomic analysis for response assessment in advanced head and neck
cancers, a distant dream or an inevitable reality? A systematic review of the current level of evidence. Br J Radiol 2020; 93: 20190496

SYSTEMATIC REVIEW

Radiomic analysis for response assessment in advanced
head and neck cancers, a distant dream or an inevitable

reality? A systematic review of the current level

of evidence

12AMRITA GUHA, MD, 3STEVE CONNOR, 3MUSTAFA ANJARI, “HARISH NAIK, >MUSIB SIDDIQUI, 3GARY COOK and

3VICKY GOH

'School of Cancer and Pharmaceutical Sciences, King’s College London, London, United Kingdom

“Tata Memorial Centre, Homi Bhabha National Institute, Mumbai, India

3Guy's and St Thomas' NHS Foundation Trust, London, United Kingdom

4Grant Medical college and JJ Group of hospitals, Mumbai, India

5School of Biomedical Engineering and Imaging Sciences, King’s College London, London, United Kingdom

Address correspondence to: Dr Amrita Guha
E-mail: amritaguha85@gmail.com; amritaguha2006@yahoo.com

Objective: The recent increase in publications on radi-
omic analysis as means to produce diagnostic and predic-
tive biomarkers in head and neck cancers (HNCC) reveal
complicated and often conflicting results. The objective
of this paper is to systematically review the published
data, and evaluate the current level of evidence accumu-
lated that would determine clinical application.
Methods: Data sources: Articles in the English language
available on the Ovid-MEDLINE and Embase data-
bases were used for the literature search. Study selec-
tion:Studies which evaluated the role of radiomics as a
predictive or prognostic tool for response assessment in
HNCC were included in this review.

Study appraisal and synthesis methods: The authors set-
out to perform a meta-analysis, however given the small
number of studies retrieved that presented adequate
data, combined with excessive methodological hetero-
geneity, we could only perform a structured descriptive
systematic review summarizing the key findings. Inde-
pendent extraction of articles was performed by two
authors using predefined data fields and any disagree-
ment was resolved by consensus.

INTRODUCTION

Head and neck tumours form the seventh leading cancer
with respect to incidence, and the eighth with respect to
mortality rates." Unfortunately, up to two-thirds of patients
with head and neck cancers will present at an advanced
stage rather than at an earlier, potentially easily treatable
stage.” Radiotherapy (RT) with or without chemotherapy

Results: Though most papers concluded that radiomics
is an effective predictive and prognostic biomarker in the
management of HNCC, significant heterogeneity exists
in the study methodology and statistical modelling; thus
precluding accurate mathematical comparison or the
ability to make clear recommendations going forwards.
Moreover, most studies have not been validated and the
reproducibility of their results will be a challenge.
Conclusion: Until robust external validation studies on
the reproducibility and accuracy of radiomic analysis
methods on HNCC are carried out, the current level of
evidence remains low, with the authors advising caution
against hasty implementation of these tools in the multi-
disciplinary clinic.

Advances in knowledge: This review is the first attempt
to critically analyze the merits and demerits of currently
published literature on tumour heterogeneity studies in
HNCC, and identifies specific loop holes that need to be
addressed by research groups, for a meaningful clinical
translation of this potential biomarker.

forms the mainstay of treatment of advanced head and neck
squamous cell cancer (HNSCC) in most subsites.’

Understanding the clinical problem

Stratification of patients into response categories that
reflect outcome is necessary for treatment optimization of
cancers in the head and neck region.* Although CT and
MRI may be used for post-treatment follow-up of these
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patients, anatomical imaging alone to detect residual or recur-
rent primary disease is limited due to post-treatment tissue
distortion.” Hermans et al® found that follow-up CT scans were
definite for local failure in only 41% patients before clinical
examination results. King et al’ reported that residual masses >
1 cm of similar signal to untreated tumor on T2W MRI suggest
local failure. A recent systematic review by Chung et al® found
that high pre-treatment apparent diffusion coefficient (ADC)
and low rise in ADC with chemoradiation, could be indicators of
locoregional failure on diffusion-weighted MRI. Whilst morpho-
logical criteria like size, gadolinium enhancement and T2 signal
intensity are routinely used techniques for assessment in the
clinic,” RECIST criteria are commonly used in trials to monitor
response,'® but are difficult to apply to the complex geometry
of primary head and neck tumours. Moreover, standard struc-
tural imaging analysis has shown variable diagnostic accuracy,
as was demonstrated by Patil et al'! who found a low correlation
between conventional radiological measurements on RECIST
with pathological response.

Radiomics is an emerging field that converts imaging data into
a high-dimensional mineable feature space using a large number
of automatically extracted data-characterization algorithms.'?
In view of the shortcomings of current available imaging
approaches, several research groups around the world have initi-
ated research to explore the role of “radiomics” in predicting
treatment response to therapy. They hypothesize that rather than
using anatomical (i.e. CT or MRI) or standard metabolic posi-
tron emission tomography (PET) features alone to assess treat-
ment response, tumour characterization and behaviour may be
better reflected by quantifying the intratumoural heterogeneity
depicted by imaging modalities such as CT, MRI, and PET.

Rationale behind this review

The accumulation of current data suggests there may be poten-
tial for radiomics in tumour assessment, risk stratification, and
outcome evaluation in head and neck cancer therapy. With a
recent increase in the number of research papers published
on the prognostic/predictive role of head and neck cancers, it
is imperative to perform a critical analysis and systematically
review the current available evidence on the translational feasi-
bility of radiomics into clinical practice. The absence of any
previously published meta-analysis/systematic review that eval-
uates the outcomes of these heterogeneously conducted studies,
led us to conduct this study in order to determine the current
level of evidence.

METHODS

This review was conducted according to the PRISMA guidelines
for protocol development (available with author on request) and
study reporting'>'%; and the Centre for Reviews and Dissemi-
nation guidelines were used for methodology structuring.'” The

PRISMA checKklist is available in the supplementary article.

Data sources and search strategy

We identified primary studies on the predictive/ prognostic
performance of radiomics in head and neck cancers. Ovid-
MEDLINE and Embase databases were used for the literature
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search, which was conducted in February 2018. We combined
terms in the following search string to identify relevant studies:
“(texture OR heterogeneity OR feature OR radiomics) AND
(therapy OR treatment OR response) AND (tumor OR tumour)
AND (head and neck) AND (cancer OR malignancy) AND
(CT OR tomography OR MRI OR PET)”. Further explode and
subject heading options were used to include “orophary* OR
hypopharyn* OR laryn* OR nasopharyn* OR tongue OR oral
cavity OR buccal’.

Inclusion criteria

Patients with cancers of the head and neck who received chemo-
radiotherapy with or without surgery were included in the study.
Only studies which analyzed the role of radiomics as a predic-
tive or prognostic tool were included in the review. Articles from
1995 upto January 2018 were included in the study.

Exclusion criteria

Results were then limited to humans (usingg AND
“humans”[MeSH Terms]), limited to English language (using:
AND English[lang]). We used the systematic review filter to
identify prior systematic reviews and reviewed the initial search
(i.e. excluding filters) to identify any articles excluded incor-
rectly. Studies which evaluated the role of radiomics as a diag-
nostic tool, or to differentiate tumour types (HPV/p16 status)
or to differentiate tumor grading were excluded from our study.
This was because these studies did not address the clinical ques-
tion of predicting residue/recurrence post treatment; and mostly
dealt with other facets such as diagnosis for which well validated
“gold-standard” techniques are already in place.

Electronic abstracts of identified studies were read and the
following exclusion criteria applied. Small cases series (less
than five patients), narrative reviews, letters/correspondence
and conference abstracts were excluded since these would not
contribute sufficient unbiased data to be able to answer our
research question.

Meta-analysis

At the outset, our intention was to perform a meta-analysis to
obtain pooled estimates of survival. However meta-analysis was
precluded by the small number of studies retrieved that presented
adequate data, combined with excessive methodological hetero-
geneity. The article was written following PRISMA 2009 guide-
lines, as has been attached in the supplementary article.

Study selection and data extraction

Following protocol development, a data extraction form was
piloted by the lead author in discussion with the other authors.
Literature search was performed by two radiologists inde-
pendently with a special interest in oncological imaging (>5
years imaging experience) who first screened the titles and
abstracts of relevant papers, followed by the main text and any
disagreement was resolved by consensus. The ROBINS-1 tool
was used for quality assessment of the included studies, and
those with a “critical risk of bias” or “no sufficient information”
were excluded from the review.
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Figure 1. PRISMA flow diagram of the literature search strategy of selected studies.
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RESULTS

The PRISMA flow diagram of the literature search strategy of
selected studies is shown in Figure 1.The papers published on
the role of radiomics imaging for treatment response in head and
neck cancer can be broadly divided into those that deal with:

Imaging modality specific radiomics: CT, MRI,
PETCT

Methodological standardization (Classifier/feature-
related studies)

Validation studies (external validation of findings
between two or more centres)

CT radiomics in head and neck cancer

Three papers have been published on the role of CT radiomics in
predicting response to therapy in HNSCC (Table 1). Bogowicz
et al'® studied 149 patients with Stage III-IV HNSCC, dividing
them into training and testing cohorts. A model comprising of
three radiomic features: large size high grey-level emphasis, sum
entropy, and difference variance was found to be prognostic for
local control. Tumours with greater heterogeneity of CT density
distribution were found to have poorer prognosis.

Zhang et al'’ studied 72 patients with locally advanced HNSCC
and found that primary mass entropy and skewness measure-
ments with multiple spatial filters were associated with overall
survival (OS); independent of tumor size, N stage, and other clin-
ical variables. In this retrospective study, patients were scanned

pre-treatment (chemotherapy only) and no internal validation/
boot strapping was performed.

Ou et al'® matched 120 patients with advanced HNSCC 2:1
into two treatment groups: concurrent chemoradiotherapy
(CRT) or bioradiotherapy (BRT). They showed that a 24-feature
based radiomic signature significantly predicted for OS and
progression-free survival (PFS).

Role of MR/ radiomics in head and neck cancers

Six papers have been published on the role of MRI in moni-
toring treatment response in HNSCC, as summarized in Table 2.
Of these, the first four papers in the table are from the same
research group,'®~** all published around the same period and
could possibly represent an overlapping/identical patient cohort.
This research group retrospectively studied role of radiomics
in nasopharyngeal carcinoma with similar basic underlying
study design. Patients with Stage III-IV NPC were scanned pre-
treatment on 1.5 T MRI (findings reported on CE-T;W and
T,W sequence) and were divided into training and validation
cohorts. Using LASSO as a feature selection technique, they
validated radiomics for its role in response prediction (Wang et
al*?; association with survival/PFS (Ouyang et al'® ; comparative
performace of indivisual CE-TyW/T,W vs combined CE-T{W
and T,W MR sequences (Zhang et al*’) and finally a paper that
summarized and included all of the above (Zhang et al?!). Radio-
mics consistently performed well in its prognostic and predictive
ability in all these papers.
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. An independent study by Liu et al®® on 53 patients of NPC
5 = g o0 2. compared the performance of CE-T'W, T,W and DWI
>f=; gL £ §\—c < E 5 sequences in predicting response using pre-treatment 3 T
HFEGLE Ewmsg2g e L hoosi ised learni hni P del
Eg2s g225z28°58 imaging. Choosing supervised learning techniques for mode
o 22 0 k= e = .
= | 5 % 5 25 S % £8 AE E construction, they concluded that though all three MR sequences
| -0 o =2 = =
% 22Zs58423S 22 7‘3 predicted response with high accuracy, CE-T{W was the single
& OONWHBE‘SEW-E‘Q'?:& .
N &= < & SENE > > best performer with accuracy >0.9.
. 9
5 25 €3 Finally, Jansen et al** retrospectively evaluated texture analysis on
22 S} 'z 2 ? e . . .
g E S5 _5EEERFS parametric maps derived from 1.5 T dynamic contrast-enhanced
2 g gng § %D&‘-E 2 % 2 § MRI (DCE-MRI) performed before and intratreatment in
= O
8 g| £ g &2z é‘j B2 3 predicting response in 19 patients with head and HNSCC.
Though they found no significant changes in the mean and stan-
"g 2 &“i dard deviation for Ktrans (volume transfer rate) and Ve (volume
© g3 £ g 5 fraction of the extravascular extracellular space) between pre-
s .2 5 E 5% and intratreatment, texture analysis revealed that the Energy of
-9 = = . . . . . .
32 § 3 - Ve was significantly higher in intratreatment scans, relative to
Al = o .
= a = Sy pre-treatment scans (p < 0.04). They concluded that chemoradia-
[=Re . . . . .
TE8 Sg2Aag tion treatment in HNSCC significantly reduces the heterogeneity
LG =
< 5y "g E g ST ESE of tumour.
23| E2ESS
on = A 7]
Role of 18-flu-deoxyglucose PET/CT in head and
< neck radiomics
2 Four papers have been published on the role of 18-FDG PET/CT
5 & 5 in the prognosis of head and neck cancers(Table 3). Of these, two
E g 2 g = papers by Cheng et al*>*® evaluated pre-treatment PET radio-
E & E ; N mics in Stage T3-4 oropharyngeal squamous cell carcinoma in
2 g2 20 predicting PFS and disease-specific survival (DSS). Uniformity
extracted from the normalized GLCM and Zone-size nonunifor-
mity were identified as independent predictors of PFS and DSS
T =
2 TS % in the two articles, respectively.
© = L
s} SRR S 1
LoE g3 8
S8~ E80 . . .
Bl ZExmEgg El Nagqa et al”’ found that a model combining histogram with
F ESgEagE
51552 § 5% shape features had highest predictive power for survival, whilst
= 58 g 2 "ié *E commonly clinically used standardized uptake value descriptive
statistics had the lowest predictive ability in a small cohort of
] nine patients.
g ol oo
w e 5z
S %D g Eg Bogowicz et al'® compared CT, PET and combined 18-FDG
g & 2 g 8 PET/CT radiomic models in predicting local tumor control. No
= g é £ significant difference in performance of the models was observed
(CICT = 0.73, CI PET = 0.71, CI PET/CT = 0.73). However,
" CT radiomics-based model overestimated the probability of
8 p Y
> % tumour control in the poor prognostic group.
v =
— ) =
[V~ [OR-=t
Y Q=
g § g < Methodological standardization studies
s 3 + 3 Two groups—one using CT and the other using MRI sought to
S8 g 2 o . ; : e
2= | ®528 identify optimal machine-learning methods for their stability
S g e . L.
A S|z S and performance in assessment of response in in head and neck
5 cancer (Table 4).
) ]
S <
< 2 g Parmar et al*? evaluated the performance of 13 feature selection
5 B e methods and 11 classification methods in predicting OS in a
o S2E. sample of 196 patients with head and neck cancer on CT scan.
Y
) 22 ;o§ They observed that three feature selection methods: minimum
e
3 =S 23 redundancy maximum relevance, mutual information feature
o < |00 . . . :
= selection, and conditional infomax feature extraction and three
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i Tr classification methods: Bayesian, Random Forest and Nearest
= a . . 1
w S e s g9 neighbour showed highest prognostic performance and stability.
< 2 c 5 [
Syi5Egss 35 Es
k| g 2 SE& g = 2. L B2 Similarly, Zhang et al**evaluated 6 feature selection methods and
k= s] 45 . . .
=8 S E g 8 83 g = % §§ 9 classification methods in 110 patients with advanced NPC on
5y = L . . . . . . .
215322282 |89 op MRI in predicting local failure and distant failure. Their results
Y S8 S g =} s 5% B4 c o o O p g
PRI SSSASTERE S £ = E showed that the combination methods Random Forest (RF) +
se g g RF had the highest prognostic performance, followed by RF +
. 8 ~ 2 3 ; 30 Adaptive Boosting and Sure Independence Screening + Linear
2.8 - ou .
£ g5 E g Z 97 9w E Support Vector Machines.
[ 2z .. © N
s 81285 22 3 |69 £%;
VIl S= G2 s S Q5 < . . .
§ g ;E S EZ2s5ET |32¢ <g% Validation studies
QA= o < o5 = 9] . . .
ERIREEEE RN 28 T8§ Lastly, there are four papers published on external validation of
] wﬂ&A‘:go%EEw < e 5 Ys pap p
© &l <UEBZ0ESAD ot 52> the performance of radiomics as a prognostic and predictive tool
E0© n © 2 p p g
2 . 8 5 § (Table 4). However, most of these have focussed on CT radio-
> C (0] 2} . . .
£ - %E mics. Ifl fact, none of these papers .evaluated MRI radlomlcis,
w8, « 2 . g 25 ¢9a which is more widely used to monitor treatment response in
5 € T 9 5 5 & T % °5 head and neck cancer.
- ) b= 2 T wn [0) .
S| 2 552 S8 |py w5l
=1 5L .: . . . . .
S ol 5 3 oE- g g ; > i. 9EQ Spearheading efforts in this direction was the landmark paper by
=] — — . @ . . .
BE|5.%¢% 20 & g9 REEEE: “% S Aerts et al,'> who conducted a radiomic analysis of 440 features
=t % 5 5 « 35 .
s g ST EE 552 27 & 25 Gboct extracted from a pre-treatment CT database of 1019 patients
2 E|ET588Es288|58 88 ith either | head and neck cross different institu-
S B S28CSESE8 8|85 452 with either lung or head and neck cancer a
o) 55w ) . ..
Sd Zco tions. They demonstrated a transferable capability of radiomics
g io = % across two cancer types indicating that radiomics quantifies a
1 (%] = . .
- :g 2 ‘E g g 2 general prognostic cancer phenotype that can broadly be applied
°ce g3 58 28490 to other cancer types.
2ET| zuz: g Eo3
o L A — a
5 § E 2g é Tg § % 8. Q N g Parmar et al*’ from the same group, on the other hand demon-
Y = = . . 1 . .
Z ag |5 ERED £0 W 3% strated that cancer-specific prognostic ability of radiomics
5% Q §u ;'>} signatures performed better in validation cohorts of a particular
= 5 Log cancer type than common clustering across diverse cancer types.
b= O > .
= C — o wn
| 50 5
. 2 % f g 82 Leijenaar et al*® demonstrated external validation on an inde-
@9 .
= oz ©° 3§ pendent cohort of 542 oropharyngeal squamous cell carci-
8| & os g2¢g¢ noma patients. They undertook to test if the radiomics stud
& p ¥
ﬁ o) Oz *Tog . 12 :
A Yy 2%2g in Netherlands performed by Aerts et al, * could be validated
. § 5 = in a large and independent cohort of North American patients.
[ = C . . . . .
- 5 g% ©<P Their results demonstrated that the radiomics signature vali-
g elzgt S5 ; °5 dated well, demonstrating good model fit and preservation of
g 3 T 220 o
g @ g 2 2‘ S5 § 5 discrimination.
v B2 252 FES T . E
E ] 'g g = S = % G 232 . 31 . . .
S EE|ErE §Z0 g 2w Bogowicz et al’ also published their findings on reproduc-
tZ502y ibility of radiomics for predicting tumor control on post radio-
R =R g P g
28 o8 - Th d thei
E0TC ¢ 0 8 chemotherapy 18-FDG PET/CT scans. They compared their
S > = ] S . . . . .
Oges_- 9 in-house USZ (University hospital of Zurich) software with that
2 —~ - c > c 58 Yy P
E" 8 o i g S5 8 of MAASTRO (Netherlands). However, though they found that
3 = = ©9% %3 2 both models were prognostic for tumour control independently
- ar ‘m O = .
280 % 29 _% 2 2 E in advanced head and neck cancers, 88% of the features were not
— N = . . . .
S| é &g S § £2%8 reproducible between the implementations. Moreover, this study
~ S|EEE3C 3 %55 S%3 only looked at post-treatment scans of patients.
ie) XOowE L S
9] o 8299
2 £8€5aL ¢
£ - g)) 222 DISCUSSION AND CRITICAL APPRAISAL OF
— @©
5 ARG 22x3%% ARTICLES REVIEWED
* S5 2 © . . . > . 1:
< 521 % c2 S s With regards to this review’s applicability (NICE*) most of
;i E3 8|38 8> 2 x2y . .
< | &2 > = E <8835 g the included studies had a well-defined study population and
= & o4 5 . . . o .
% é g a é“g LD) 9 2 § 8 % considered an appropriate, relevant intervention, irrespective of
= . . . .
© - IE538°0 the study design. However, the use of advanced imaging varied
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across the studies in the following respects: the use of different
imaging techniques (e.g. MRI, CT, PET); the different types of
scanners used within each imaging technique (i.e. different
scanners might have different imaging settings and levels of
accuracy); and particularly, the different types of radiomics
model design along with varying treatment strategies. Some
studies incorporated an internal validation of their analysis, by
stratifying patients into a training and validation cohort, some
performed external validation, while some did not perform any
validation at all. This makes direct comparison between the
studies extremely difficult and affects the studies’ generalizability
across research groups.

Inherent ambuiguity in the very process of performing radiomic
analysis makes it very difficult to expect uniformity in research
publications. There are a wide array of feature reduction/selec-
tion and classification methods available, there being no single
“correct” or “incorrect” method. However, the choice of method-
ology would definitely affect reproducibility and this would need
further research. Moreover, various researchers use in-house
proprietary software for performing their radiomic extraction,
as well as varying statistical and bioinformatics approaches for
data analysis and interpretation which adds to the complexity.

Most studies evaluated the role of radiomics "pre-treatment,”
except Bogowicz et al’' who studied the role of PET radiomics
3 months post-treatment. Also, most authors only looked at
imaging findings at a single pre- or post-treatment time point
rather than monitoring changes over time, except Jansen et al**
who monitored significance of radiomics changes with treat-
ment. The vast data-mine of serial imaging, since it is standard
practice in the clinic to monitor response to therapy on MRI/
PET remains virtually untapped. Comparing the relative perfor-
mance of serial anatomical imaging with temporal changes in

BJR

heterogeneity of both the primary tumour and node would defi-
nitely aid in answering the clinical dilemma of monitoring treat-
ment response.

Finally, the greatest concern of the authors here is the “transla-
tional potential”. Until such time that radiomics analysis become
more widely accessible and standardized to a minimum data set,
most radiomics-related studies are only being conducted by a
handful of niche research groups worldwide.

LIMITATIONS

Though the authors set-out to perform a meta-analysis, the
limited number of papers published along with extreme meth-
odological heterogeneity and reporting meant we could only
perform a descriptive systematic review and though unavoid-
able, this is a major limitation of our study. Another limitation
is that we excluded grey literature and papers published in non-
English journals.

CONCLUSIONS

Though most individual papers claim radiomics to be a good
performer as a “predictive” tool in head and neck cancer, the
current level of evidence remains low given the lack of valida-
tion and reproducibility studies. Moreover, quality assurance and
quality control parameters should be agreed upon by researchers,
such that a specific imaging acquisition protocol matched with
a specific radiomic and analytic protocol can be validated to
perform within an estimated error range as a predictive, prog-
nostic and evaluative tool. For radiomics to make it through the
“translational gap” and gain traction in clinical practice, prospec-
tive randomized controlled trials will be required to demon-
strate consistency, reproducibility, efficacy, cost effectiveness and
prognostic impact, else this would be another potential imaging
biomarker that got “lost in translation”
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