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Abstract

Background: In this systematic review, we aim to identify prognostic imaging vari-
ables of recurrent laryngeal or hypopharyngeal carcinoma after chemoradiotherapy.
Methods: A systematic search was performed in PubMed and EMBASE
(1990-2020). The crude data and effect estimates were extracted for each imag-
ing variable. The level of evidence of each variable was assessed and pooled
risk ratios (RRs) were calculated.

Results: Twenty-two articles were included in this review, 17 on computed
tomography (CT) and 5 on magnetic resonance imaging (MRI) variables. We
found strong evidence for the prognostic value of tumor volume at various cut-
off points (pooled RRs ranging from 2.09 to 3.03). Anterior commissure
involvement (pooled RR 2.19), posterior commissure involvement (pooled RR
2.44), subglottic extension (pooled RR 2.25), and arytenoid cartilage extension
(pooled RR 2.10) were also strong prognostic factors.

Conclusion: Pretreatment tumor volume and involvement of several subsites
are prognostic factors for recurrent laryngeal or hypopharyngeal carcinoma
after chemoradiotherapy.
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impact on patients' lives, due to the crucial role the lar-
ynx has in speech and communication."* That is why

Total laryngectomy (TLE) has for many years been a
valid curative treatment of laryngeal and hypopharyngeal
carcinoma. However, a TLE can have a substantial

[Corrections added after online publication, 09 April, 2021: The forest
plot column in tables 2 and 4 have been updated.]

besides oncological outcome, the preservation of laryn-
geal functions has progressively gained an important role
in treatment decision-making in patients with laryngeal
and hypopharyngeal carcinoma.>* Larynx-preserving
alternatives to TLE are radiotherapy and/or chemother-
apy, and different types of organ-preserving surgeries,
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like transoral laser microsurgery and external partial
laryngectomy.>®

However, not all cases are suited for larynx-preserving
treatment. Mainly patients with a higher T classification are
at risk for undertreatment, and thus recurrent disease,
when not opting for primary TLE. Patients with recurrent
disease have lower survival rates and salvage TLE after
radiotherapy comes with more complications than primary
TLE.”® Inadequate patient selection for larynx-preserving
treatment may therefore have contributed to the fact that
survival rates of patients with laryngeal carcinoma have
barely improved in the last 20 years.>*'*

Identification of imaging variables, which are associated
with recurrent disease, may help in treatment decision-
making. Various imaging modalities, such as magnetic reso-
nance imaging (MRI), computed tomography (CT), and
fluorinedeoxyglucose positron emission tomography (FDG-
PET),'® may be used to identify patients who are unlikely to
benefit from radiotherapy. Quantitative prognostic factors
on pretreatment imaging could help improve patient selec-
tion and may increase the overall survival rate of patients
with laryngeal and hypopharyngeal carcinoma.

Several possible prognostic imaging variables have been
described in the literature. In this paper, we conducted a
systematic review to identify pretreatment, quantitative
imaging variables that are associated with recurrent disease
in patients with laryngeal or hypopharyngeal carcinoma
treated with chemoradiotherapy. A meta-analysis of the
imaging variables was performed.

2 | METHODS

This study is compliant with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) criteria.?

2.1 | Search strategy and study selection

A systematic search was performed in PubMed/Medline
and Embase (1990-July 2020) with synonyms of “larynx
or hypopharynx carcinoma” AND (“imaging modali-
ties” OR “imaging variables”) AND “recurrences” AND
“radiotherapy” AND “prognosis” (see Table SI,
Supporting Information for full search strategy). The
title and abstract of all articles were first screened by
one author (Hilde J. G. Smits) to identify relevant arti-
cles. The following inclusion criteria were applied:
(1) study population of patients with laryngeal or hypo-
pharyngeal carcinoma; (2) treatment with chemo-
radiotherapy; (3) tumor imaging before the start of the
treatment; (4) recurrences or local control was the

studied outcome; and (5) >10 recurrences were
reported within the study population. Case reports,
reviews, conference abstracts, non-English articles, and
animal studies were excluded. Full text analysis deter-
mined whether articles met the inclusion criteria.
Finally, additional eligible articles were selected by
cross-reference check of the included articles.

2.2 | Quality assessment

The quality of the selected studies was assessed with a
scoring system evaluating 10 predefined criteria
(Table S2). The scoring system was based on the New-
castle Ottawa Quality Assessment Scale'® and adapted
to fit the topic of this review.'*'® A study that scored
<8 out of a maximum of 13 points for the 10 criteria
was excluded from further analysis. The quality assess-
ment was performed independently by two authors
(Hilde J. G. Smits and Jan W. Dankbaar). Disagree-
ments between authors on the scores were solved by
consensus.

2.3 | Data extraction

Study characteristics were extracted from all high
quality articles. If two or more articles were found to
have an overlapping patient population, we included
the results of both articles if unique variables were
studied. If the same variable was reported, only the
result from the most recent article was included in
this review.

For each imaging variable, effect estimates (risk ratio
[RR], odds ratio, or hazard ratio) with 95% confidence
interval (CI) were collected. If no relevant effect estimates
were reported, crude data were used to calculate a uni-
variate RR if possible. The consistency and clinical rele-
vance of the effect estimates were assessed for each
variable and they were classified as either a prognostic
factor, a nonprognostic factor or a factor with inconsis-
tent evidence (Figure 1).'>'® The level of evidence of each
prognostic and nonprognostic factor was then deter-
mined based on the number of studies that reported a sig-
nificant or neutral effect estimate (Figure 1).

2.4 | Statistical analysis

Variables were sorted by imaging modality and if possi-
ble, a formal meta-analysis was performed. Inverse vari-
ance random effect models were used to pool RRs in
Review Manager (RevMan, Version 5.3. Copenhagen:
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Prognostic Factors
Consistency

o All estimates point in the same direction (>0.9 or <1.2)
Clinical relevance

o Atleast 1 study with significant estimate (>2.0 or <0.5
or statistically relevant)

Level of Evidence
Strong evidence

Yes » 3 studies or more with significant estimate
Moderate evidence

o 2 studies with significant estimate
Limited evidence

« 1 studies with significant estimate

No

Non-Prognostic Factors
Consistency

o All estimates around 1 (>0.4 and <2.5)
Clinical relevance

« Estimates are not significant (95% CI contains 1.0)
o One study contains neutral estimate (>0.8 and <1.3)

Level of Evidence
Strong evidence:
Yes o 3 studies or more with neutral estimate
Moderate evidence:
o 2 studies with neutral estimate
Limited evidence:
o 1 studies with neutral estimate

No

Inconsistent evidence

FIGURE 1 Criteria for level of evidence of imaging variables

The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2014). The weight for each study was calculated
based on the variance, and pooled RRs and 95% confi-
dence intervals were reported.

3 | RESULTS

The literature search yielded 2115 results after the
duplicates were removed (Figure 2). Two hundred and
eighty-five articles remained after the title and abstract
screening, of which 37 articles met all inclusion criteria
upon full text analysis. Of those, five articles reported
neither the crude data nor ratios with confidence inter-
val and could not be further analyzed, three articles
had overlapping patient populations, and two articles
scored <8 on the quality assessment. One additional
publication was found through cross-reference. In the
28 remaining articles, the following imaging modalities
were used: CT (17 articles), MRI (5), FDG-PET (3),
dual-energy CT (1),!' C-Tyrosine-PET (1), and sonogra-
phy (1). The articles about the latter three modalities
were excluded from the review, as were the articles
about FDG-PET, since the variables were too heteroge-
neous to analyze. The remaining 22 articles about CT
and MRI were included in this review, and their study
characteristics are shown in Table 1.'7® The included
articles cover 28 imaging variables on CT, of which
15 are studied in more than one article, and 18 articles

on MR, of which 6 are studied in more than one
article.

Most articles analyzed tumor volume (TV) as a dichot-
omized variable, using various cut-off points ranging from
0.28 to 19 cm®. For the purpose of the meta-analysis, the
results of articles that used similar cut-off points
(+0.5 cm®) were grouped, for example, the variable TV
>2 cm® on CT contains the range of cut-off points 1.6-
2.5 cm®). The level of evidence of all variables studied in
multiple articles is shown in Tables 2-4. Results of vari-
ables or TV cut-off points that were only studied in one
article can be found in Tables S3 and S4. No articles publi-
shed univariate RRs, so all univariate RRs were calculated
by us based on crude data. This data was either the num-
ber of recurrences within the study period, or the local
control rates. Only a few studies provided other estimates
or multivariable analyses. These results were included in
Tables 2-4, but the pooled RRs are only based on the
univariate RRs.

3.1 | Prognostic factors

Seven imaging variables were found to be prognostic fac-
tors with a strong level of evidence, all of them CT-
variables (Table 2). TV >1 cm? (pooled RR = 3.03 [95%
CI = 1.98-4.66]), TV >2 cm’ (pooled RR =248 [1.71-
3.61]), TV >8 cm® (pooled RR = 2.09 [1.28-3.41]), ante-
rior commissure involvement (pooled RR = 2.19 [1.45-
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FIGURE 2 Flowchart diagram of
included articles Pubmed Embase

n = 1663 n =1068

Y
After duplicates removed:
n=2115
y
Title and abstract screening: - Excluded:
n=2115 d n = 1830
Excluded:
n =248
- laryngoscopy, unknown or multiple
imaging modalities (95)
- other tumor location or no location-
Full-text screening: w| specific analysis (67)
n =285 71- other outcome (29)
- no access (25)
- other treatment or no treatment-
Y specific analysis (20)
. . - other variables studied (7)
Data extraction and quality - less than 10 recurrences (4)
assessment: :
n =37 - foreign language (1)
Y
Included:
n=22
3.32]), posterior commissure involvement (pooled involvement and vocal cord involvement (Table 2). For
RR =2.44 [1.56-3.81]), subglottic extension (pooled MRI, four variables were found to have a limited level of

RR = 2.25 [1.59-3.19]), and arytenoid cartilage adjacent
or invaded (pooled RR = 2.10 [1.39-3.19]) were all found
to increase the risk of recurrence significantly in three or
more studies. Arytenoid cartilage adjacent or invaded
means the tumor has grown adjacent to the arytenoid or
has invaded the arytenoid cartilage.

A moderate level of evidence was found for TV
>6 cm’ (pooled RR =246 [1.39-4.35]), TV >16 cm?
(pooled RR =294 [1.98-4.37]), pre-epiglottic space
involvement (pooled RR = 2.12 [1.40-3.22]), paraglottic
space involvement (pooled RR = 1.72 [1.18-2.50]), and
cricoid cartilage involvement (pooled RR = 2.17 [1.27-
3.71]) as prognostic factors on CT (Table 2). On MRI, TV
>3 cm? (pooled RR = 2.44 [1.54-3.88]), and pre-epiglottic
space involvement (pooled RR = 2.62 [1.33-5.14]) were
found to have a moderate level of evidence for being a
prognostic factor of recurrent disease (Table 3).

An additional three variables on CT had a limited level
of evidence: laryngeal ventricle involvement, any cartilage

evidence: anterior commissure involvement, subglottic
extension, hypopharyngeal extension and extralaryngeal
spread beyond anterior commissure (Table 3).

3.2 | Nonprognostic factors
Only two variables were found to be nonprognostic fac-
tors with limited level of evidence: extralaryngeal spread
(pooled RR = 1.35 [0.85-2.15]) and the involvement of
more than one cartilage site (pooled RR = 1.48 [0.78-
2.82]) (Table S5). Both are CT variables.

3.3 | Inconsistent evidence

On CT, TV >4 cm?’, arytenoid cartilage invasion and
thyroid cartilage involvement were found to have
inconsistent evidence (Table 4). TV >4 cm?® was studied
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in five articles, four of which reported this cut-off point
to be significantly prognostic of tumor recurrence, but
one study reported a neutral RR of 0.87 [0.47-1.61].
Arytenoid cartilage invasion was found to be signifi-
cant in two out of three studies and thyroid cartilage
involvement in only one out of three studies. The other
studies for these variables all showed neutral effect
estimates.

34 |
subsite

Tumor volume cut-off point per

In an effort to determine the optimal TV cut-off point, we
stratified the studies according to the tumor subsite of
their populations. This could only be done for sup-
raglottic and glottic tumors, with five studies analyzing
TV in supraglottic tumors and seven studies in glottic

tumors. The sensitivity and specificity of all TV cut-off
points found in these studies were plotted for both glottic
and supraglottic and glottic tumors (Figure 3). This graph
contains results of both CT and MRI studies.

In general, lower cut-off points result in a higher sen-
sitivity and lower specificity, while the reverse is true for
higher cut-off points. Glottic tumors seem to have a lower
optimal cut-off point (between 1 and 4 cm®) than sup-
raglottic tumors (between 4 and 10 cm?). However, there
is a high variability in sensitivity and specificity between
studies, so no optimal cut-off point could be determined.

3.5 | Anatomical subsites sensitivity and
specificity

We also compared the sensitivity and specificity of ana-
tomical subsite parameters for all studies on both CT and

TABLE 2 Prognostic factors on CT [Color figure can be viewed at wileyonlinelibrary.com]
\Z/ano; St Factor Weight Univariate RR Forest plot
Prognostic factors Study @y G prevalence 1%] [95% Cl] Univariate RR with 95% CI Multivariate HR
i) ’ [%] 1V, random effects 1V, random effects [95% Cl]
Strong level of evidence )
Tumor volume >1 cm? Hermans et al. (1) 1 119 52 33.5 2.30[1.10, 4.80] —.—
Murakami et al.?”’ 1 68 12 37.9 4.50[2.25,9.00] : —
Rutkowski et al.*® 0.7 115 64 28.6 2.49[1.12,5.54] —
Pooled RR 100 3.03[1.98, 4.66] P -
Tumor volume >2 cm?® Dziegielewski et al.? 2.5 60 58 19.2 2.43[1.03,5.71] — 5.0[2.0, 10.0]
Hermans et al. (1)2 2 119 29 35.7 2.17[1.16, 4.06] L
Hermans et al. (2) 2 103 91 4.0 2.97[0.46,19.26] —_—
Rutkowski et al.* 1.76 115 36 41.1 2.78[1.55,4.98] P
Rutkowski et al.* 1.6 HR 3.93 [1.06-14.54] 3.21[1.07-9.63]
Pooled RR 100 2.48([1.71,3.61] I
Tumor volume >8 cm? Hermans et al. (1)2 8 119 7 21.0 2.31[1.06, 5.04] —
Hermans et al. (2)2 8 103 48 27.6 1.10[0.62, 1.96] —n—
Kraas et al.”® 8 28 18 21.6 2.63[1.23,5.61] e
Rutkowski et al.* 8.2 115 7 29.8 2.97[1.77,4.98] s
Pooled RR 100 2.09[1.28, 3.41] P
Anterior commissure Hermans et al. (1) - 119 44 25.1 1.99[1.02,3.88] ——
involvement (ACl) Hermans et al. (2)% - 103 9 14.6 1.01[0.38, 2.66] S
Murakami et al.?’ - 68 32 17.1 3.48[1.45,8.36] A N
Nur et al.?® - 112 38 17.3  2.52[1.06,6.01] —
Pameijer et al.”® - 42 67 15.5 1.50[0.59, 3.81] —
Zouhair et al.*® - 122 50 10.5 5.33[1.64,17.37] § ———
Pooled RR 100 2.19[1.45,3.32] ;-
Posterior commissure Hermans et al. (1) - 119 3 18.6 2.21[0.78, 6.24] e
involvement (PClI) Hermans et al. (2)® - 103 3 27.6 2.08[0.89, 4.87] —'—
Pameijer et al.? - 42 14 53.8 2.73[1.48,5.01] e
Pooled RR 100 2-44[1.56,3.81] s
Subglottic extension Dagan et al.?® - 80 48 14.0 2.87[1.13,7.31] O —
(SGE) Hermans et al. (1) - 119 21 28.1 1.78[0.92, 3.44] P
Hermans et al. (2)* - 102 7 39.2 2.34[1.34,4.09] [
Murakami et al.?’ - 68 4 143 3.10[1.23,7.81] P ——
Pameijer et al.?® 42 93 4.5 1.15[0.22, 6.00] —_—
Pooled RR 100 2.25[1.59,3.19] B
Arytenoid cartilage Hermans et al. (1)2 - 119 57 29.0 2.25[1.04,4.88] -
adjacent or invaded Hermans et al. (2)% - 103 50 50.3 1.87[1.04,3.36] —
(ArCAl) Murakami et al.?’ - 68 4 6.3 1.44[0.27,7.60] —_—
Pameijer et al.? - 42 57 14.4 3.25[1.09,9.73] —_——
Pooled RR 100 2.10[1.39, 3.19] L
r f T 1
0.1 1 10 100

(Continues)
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TABLE 2 (Continued)
WTETy Factor
l Il 7
Prognostic factors Study volume Sqmp € prevalence eiond
cut-off  size, n o [%]
i) %]
Moderate level of evidence
Tumor volume >6 cm®*  Janssens et al.?* 6 149 77
Kraas et al.* 6 28 25
Mancuso et al.? 6 63 40
Pooled RR
Tumor volume >16 cm®  Hermans et al. (1) 16 119 2
Hermans et al. (2)2 16 103 16
Pooled RR
Pre-epiglottic space Hermans et al. (1) - 119 22
involvement {PEGS) Hermans et al. (2)2 - 103 70
Mancuso et al.?® - 63 29
Pooled
Paraglottic space Dagan et al.?° - 80 31
involvement {PAGS) Hermans et al. (1)2 - 119 45
Hermans et al. (2)2 - 103 43
Pameijer et al.?® - 42 88
Pooled
Cricoid cartilage Hermans et al. (1)2 - 119 11
involvement {CCI} Hermans et al. (2)2 - 103 3
Pooled
Limited level of evidence
Laryngeal ventricle Murakami et al.?’ - 68 37 50.9
involvement (VEN) Pameijer et al.?® - 42 71 49.1
Pooled 100
Any cartilage Hermans et al. (1) - 119 36 24.7
involvement (Cl) Hermans et al. (2) 103 36 39.0
Scherl et al.* 236 39 36.3
Pooled 100
Vocal cord involvement  Hermans et al. (1) - 119 82 20.7
(vei) Hermans et al. (2) - 103 45 79.3
Pooled 100

Univariate RR
[95% CI]
IV, random effects

Forest plot
Univariate RR with 95% CI
IV, random effects

Multivariate HR
[95% Cl]

Abbreviations: CI, confidence interval; CT, computed tomography; HR, hazard ratio; IV, inverse variance; RR, risk ratio.

MRI (Figure 4). Most parameters show a great variability
across studies, with a few exceptions. All studies that ana-
lyzed cricoid cartilage involvement, extralaryngeal spread
beyond anterior commissure, and posterior commissure
involvement found a high specificity (90%-100%) and a
low sensitivity (0%-30%). Findings for any cartilage
involvement were also fairly consistent, with a specificity
between 60% and 70% and a sensitivity between 30%
and 50%.

4 | DISCUSSION

In this systematic review and meta-analysis, the prognostic
value of quantitative imaging variables was assessed for
recurrent laryngeal or hypopharyngeal carcinoma after
radiotherapy.
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41 | Tumor volume

TV is one of the most studied prognostic imaging factors
and this review supports that patients with higher TV
have an increased risk of recurrence. All cut-off points
were a prognostic factor, except for TV >4 cm?®, which
had inconsistent evidence. However, only one study that
used 4 cm? as a cut-off point reported a neutral effect
size, while the other four found an increased risk of
recurrence for TV >4 cm®. Therefore, it seems likely that
the first study is an anomaly.

We also attempted to find an optimal TV cut-off point
that can be used to predict recurrences. This cut-off point
seems to be lower for glottic tumors compared to sup-
raglottic tumors. However, there is a lot of variability in
sensitivity and specificity of studies that used the same
cut-off points. This can at least partially be explained by
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TABLE 3 Prognostic factors on MRI [Color figure can be viewed at wileyonlinelibrary.com]
Tumor
Factor X Univariate RR Forest plot A
1l / M
Prognostic factors Study V:u:—:fj‘ SZ,T: : prevalence We’?;;; [95% ClI] Univariate RR with 95% CI HI: (e
4 0,
ffarrs) [%] IV, random effects IV, random effects [95% CI]
Moderate level of evidence
Tumor volume >3 cm? Ljumanovic et al. (1)** 3 84 80 12.1 3.55[0.94, 13.46] -—-—
Ljumanovic et al. (2)*’ 3 118 28 87.9 2.32[1.41,3.80] s
Pooled 100 2.44[1.54, 3.88] -
Pre-epiglottic space Ljumanovic et al. (1)*® - 84 62 35.7 4.15[1.60, 10.78] [ 4.5[1.0,6.9]
involvement (PEGS) Ljumanovic et al. (2)*7 - 118 8 64.3 2.02[1.13,3.63] R
Pooled 100 2.62[1.33,5.14] D —.—
T T T 1
0.1 1 10 100
Limited level of evidence
Anterior commissure Ljumanovic et al. (1)*® - 84 18 45.2 1.40[0.74, 2.64] —_— 2.5[1.7,9.8]
involvement (ACI) Ljumanovic et al. (2)*” - 118 39 54.8 2.50[1.48, 4.25] I —a
Pooled 100 1.93[1.09, 3.40] — .
Subglottic extension (SGE) Ljumanovic et al. (1)* - 84 31 512 1.41[0.81,2.45] —
Ljumanovic et al. (2)¥ - 118 47 48.8 2.48[1.39, 4.44] C——
Ljumanovic et al. (3)* = 64 39 = 3.5[1.6-7.9]
Pooled 100 1.86[1.07, 3.23] ——
Hypopharyngeal extension Ljumanovic et al. (1)*® - 84 31 45.7 1.49[0.85, 2.62] — =
(HE) Ljumanovic et al. (2)¥ - 118 6 54.3 2.88[1.90, 4.37) == 2.7(1.0-7.4]
Pooled 100 2.13[1.12, 4.07] i m
Extralaryngeal spread Ljumanovic et al. (1)*® - 84 8 38.8 1.18[0.48,2.91] —_—
beyond anterior commissure  Ljumanovic et al. (2)*” - 118 8 612 2.73[1.73,4.33] R———
(ELA) Pooled 100 1.97[0.88, 4.41] —.—
[ I T 1
0.1 1 10 100

Abbreviations: CI, confidence interval; IV, inverse variance; HR, hazard ratio; MRI, magnetic resonance imaging; RR, risk ratio.

heterogeneity in study populations. Sensitivity and speci-
ficity are influenced by the prevalence of a prognostic fac-
tor within a study population. If a population is more
likely to contain larger tumors (above the cut-off point),
the sensitivity will be higher and the specificity will be
lower. Therefore heterogeneity in for example T classifi-
cation distribution can cause a lot of variability. In order
to gain more insight into the differences between patient
groups, studies should use more homogenous patient
cohorts or stratify their results by tumor location and T
classification.

Besides heterogeneity in study populations, a lack
of uniformity in TV delineation might also complicate
the results. Differences in image quality, measurement
methods, slice thickness, and delineation guidelines
can lead to different conclusions on TV. Moreover,
interobserver variability of TV delineation in the head
and neck region on both CT and MRI is still a much
debated topic. With some studies finding no signifi-
cant variability between observers,*>* while others
d0.41_43

Moreover, Ligtenberg et al.** found that delineations
on CT, MRI and FDG-PET were all larger than the refer-
ence TV delineation on pathology. Between modalities,
significant differences were found between CT and MRI
and between CT and FDG-PET. This indicates that CT

measurements cannot be compared to MRI measure-
ments when it comes to TV.

In the current TNM classification of laryngeal carci-
noma, TV is not taken into account.* For hypo-
pharyngeal carcinoma, tumor dimension is considered in
the form of the one-dimensional greatest tumor diame-
ter.*> For head and neck sites in general, previous reviews
have plead for the addition of TV to the TNM classifica-
tion system,*®*” arguing that TV assessment should at the
very least supplement TNM classification in clinical
decision-making. Although our analysis does indicate a
significant impact of TV on recurrences after radiother-
apy, only few studies included a multivariable analysis
with both the T classification and TV. Therefore, it is diffi-
cult to determine the added prognostic value of TV.

4.2 | Anatomical subsite involvement

The present study found strong evidence that involve-
ment of the anterior commissure (ACI) is a prognostic
factor of local recurrence after radiotherapy. This is in
line with two recent reviews studying ACI in early glottic
carcinoma by Tulli et al.*® and Eskiizmir et al.** A third
review by Hendriksma et al.” found conflicting evidence,
arguing that ACI should not be judged as a binary
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TABLE 4 Factors with inconsistent evidence on CT
';’:/Z];; S Factor Weight Univariate RR Forest plot
Inconsistent evidence Study e G prevalence 1%] [95% ClI] Univariate RR with 95% CI Multivariate HR
gl ’ [%] IV, random effects 1V, random effects [95% CI]
Tumor volume >4 cm®  Hermans et al. (1) 4 119 12 20.7 2.05[1.01,4.16] A
Hermans et al. (2)% 4 103 72 16.1 2.74[1.05,7.13] P
Janssens et al.* 3.5 114 42 22.6 0.87[0.47,1.61] —_—
Pameijer et al.?® 3.5 42 38 16.3 4.88[1.90, 12.54] —_—
Rutkowski et al.*° 3.6 115 17 243 2.38[1.38,4.07] D ——
Pooled 100 2.11([1.23,3.63] .
Arytenoid cartilage Hermans et al. (1) 119 31 354 0.89(0.43,1.83] —_—
invasion (ArCl) Hermans et al. (2) 103 34 54.0 1.73[1.01, 2.95] —.
Murakami et al.?’ 68 3 10.6 2.20[0.51,9.43] —_
Pooled 100 1.40 [0.86, 2.28] i
Thyroid cartilage Hermans et al. (1)% 119 8 33.0 0.94[0.26, 3.34] —_—
involvement (TCl) Hermans et al. (2) 103 4 25.7 0.75[0.13,4.19] S s S
Murakami et al.?” 68 22 41.3 4.54[2.03,10.15] ; — .
Pooled 100 1.70[0.49, 5.96]

0.1 100

Abbreviations: CI, confidence interval; CT, computed tomography; HR, hazard ratio; IV, inverse variance; RR, risk ratio.
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Sensitivity and specificity of different tumor volume cut-off points for predicting tumor recurrence. Each data point

represents the results of one study with (A) glottic tumors and (B) supraglottic tumors [Color figure can be viewed at

wileyonlinelibrary.com]

variable, but rather on a classification scale.®" In the pre-
sent review, all included studies treated ACI as a binary
variable.

We found strong evidence of subglottic extension as a
prognostic factor. It must be noted however, that the defi-
nition of subglottic extension is ambiguous. The bound-
aries of the subglottis itself are controversial and most
publications use different definitions.>* No study
included in this review provided any definition for sub-
glottic extension.

A third anatomical prognostic factor for which we
found strong evidence was arytenoid cartilage adjacent or

invaded (ArCAI), while just arytenoid cartilage invasion
(ArCI) gave inconsistent evidence. The difference
between the two parameters is that both ArCAI and ArCI
include tumors that have invaded the cartilage, but
ArCALI also includes the tumors that have grown adjacent
to it. These results suggest that the risk of recurrence is
already higher when the tumor has reached the arytenoid
cartilage and that actual invasion does not necessarily
increase that risk further. It is possible that patients with
invaded cartilage received a more rigorous treatment
regime, but this was not mentioned, but this was not
mentioned in the articles that made the distinction. More
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research into the prognostic value of cartilage adjacent 4.3 | Other modalities/variables

tumors is needed in order to draw any conclusions.

The current TNM classification system*’ for all laryn-
geal subsites as well as for the hypopharynx takes into
account infiltrated subsites, like pre-epiglottic and par-
aglottic space invasion, and thyroid and cricoid cartilage
involvement. The inclusion of these variables is
supported by this review, except for thyroid cartilage
involvement, for which we found inconsistent evidence.
However, the two studies by Hermans et al.*** that
reported a neutral effect estimate both had a very low
prevalence of thyroid cartilage involvement within their
study population (Table 4). It might therefore be an
anomaly that these patients did relatively well.

As for the sensitivity and specificity of the anatomi-
cal variables as prognostic factors, most parameters
showed great variability across studies. Three parame-
ters had a high specificity and low sensitivity in all stud-
ies: posterior commissure involvement, cricoid cartilage
involvement, and extralaryngeal spread beyond anterior
commissure. In all study populations in which these var-
iables were analyzed, the prevalence of these factors was
relatively low, explaining the low sensitivity. However,
because the specificity is so high, they might serve as a
prognostic factor in those patients who do have these
factors. Since posterior commissure was only analyzed
in three studies and the other two factors in two studies,
more research is necessary in order to draw definite
conclusions.

Only 5 out of the 22 included articles studied MRI vari-
ables, all from the same research group. Due to overlap
in patient pools, only the results of one or two articles
could be compared for each variable. MR imaging in
laryngeal carcinoma has its challenges due to relatively
long acquisition times and significant organ movement.
However, MRI techniques have improved a great deal
over the last years and in the absence of motion artifacts,
MRI is superior to CT in determining tumor extension.
The imaging modality should not be overlooked when it
comes to its prognostic value, especially more advanced
MRI methods, like diffusion-weighted imaging (DWI)
and dynamic contrast-enhanced (DCE) MRL>*** On
DWI-MRI, the apparent diffusion coefficient (ADC) has
often been discussed as a prognostic factor in different
head and neck sites, but mean or median ADC does often
not reach significance.’*>® More promising are ADC
parameters that take into account tumor heterogeneity
like ADC kurtosis.>**”*® On DCE-MRI, higher K™, a
measure of vascular permeability, is associated with bet-
ter treatment response and long-term outcome in various
head and neck sites.>*>*>%%

The reason so few studies with FDG-PET variables
were included was because most studies we found used
other outcome measures than local control. FDG-PET is
also not routinely used for pretreatment staging and is
more commonly used in diagnostic studies than
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prognostic ones. This does not mean that FDG-PET is not
a promising modality for the prediction of radiotherapy
outcome. High pretreatment metabolic tumor volume
and total lesion glycolysis are both associated with worse
patient outcomes in head and neck cancer.®"**

Furthermore, this review only looked at imaging vari-
ables, but clinical variables also play a role in patient
prognosis. Factors like age, sex, tobacco use and WHO
performance status have all been shown to affect patient
outcome after radiotherapy in either laryngeal or hypo-
pharyngeal carcinoma, or head and neck cancer in gen-
eral.*>®*%* These clinical factors should also be taken
into account when making treatment-decisions.

4.4 | Limitations

For all variables included in the meta-analysis, the
pooled RRs are based on few studies. Therefore, the
uncertainty in the pooled RRs is large and they serve
more as an indication than as conclusive RRs.

Another limitation is that only very few studies
included a multivariable analysis; therefore, there is little
control for possible confounders. For example, while TV
was found to be a prognostic factor for recurrence, there
is a correlation between TV and TNM classification. This
review cannot control for this, due to the lack of multi-
variable analyses.

Publication bias might also play a role, as negative
results are less likely to be published. Because of the lim-
ited number of studies per variable we could not test pub-
lication bias with a funnel plot.®® There is also no formal
way to assess selective reporting bias. If an article does
not provide the crude data or effect estimates of non-
significant results, their findings could not be used in this
review.

There is heterogeneity between the tumor and treat-
ment characteristics in the study populations, as well as
in follow-up time and the outcome measures that were
used (Table 1). The three outcome measures were the
number of recurrences discovered during the follow-up
time, the 2-year local control rate, and the 5-year local
control rate. No differentiation was made based on the
outcome, since most laryngeal and hypopharyngeal
recurrences present within 2 years after treatment.®%® As
for tumor characteristics, the prognostic value of different
variables is likely to vary between different locations or
tumor classifications, which might have affected the
results. However, this review aimed to find prognostic
imaging factors for all laryngeal and hypopharyngeal
tumors and an inverse variance random effects model
was applied to adjust for variation between studies. More
research is needed to allow for further stratification.

We also noticed that only a few articles reported the
time between the pretreatment imaging and the start of
treatment (6 of the 23 studies articles). And when they
did, this time could be quite long (one study reported an
average of 43 days between imaging and start of treat-
ment®®). In this time period tumors will likely grow,
causing discrepancies between the tumor on pre-
treatment imaging and the tumor at the start of treat-
ment. Future studies assessing the prognostic value of
imaging factors should report on the interval between
imaging and treatment and aim to keep this time as
short as possible.

5 | CONCLUSION

Pretreatment tumor volume determined on CT has clear
prognostic value in laryngeal and hypopharyngeal carci-
noma treated with radiotherapy. Due to heterogeneity in
study populations and methodology, no conclusions can
be drawn on optimal cut-off points.

On CT, there is strong evidence for the prognostic
value of anterior and posterior commissure involvement,
subglottic extension, and arytenoid cartilage extension.
Moderate evidence was found for pre-epiglottic space
involvement, paraglottic space involvement and cricoid
cartilage involvement as prognostic factors on CT. On
MRI, a moderate level of evidence was only found for
tumor volume and pre-epiglottic space involvement. This
is partly due to the low number of articles studying prog-
nostic imaging variables on MRI. More research is
needed in order to accurately assess the prognostic power
of MR imaging variables.
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