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ABSTRACT

Background: To analyze the sensitivity and specificity of magnetic resonance imaging
(MRI) in diagnosing cartilage invasion in laryngeal neoplasms. Materials and Methods:
A comprehensive search for relevant studies was conducted in PubMed, Web of
Science, China National Knowledge Infrastructure (CNKI), and the Cochrane Trials
Registry, with the search period extending until September 1, 2024.Sensitivity,
specificity, and diagnostic likelihood ratio (DLR) were combined. Symmetrical Receiver
Operating Characteristic (SROC) curves and Fagan nomograms were plotted. Meta-
regression and subgroup analyses were performed to identify heterogeneity sources.
Results: A total of seven studies involving 418 participants were included. MRI
demonstrated a sensitivity of 0.93 [95% Cl: 0.89-0.96, 12=0.00] and a specificity of 0.88
[95% Cl: 0.81-0.92, 12=70.36] for detecting cartilage invasion. The negative diagnostic
likelihood ratio (DLR-) was 0.08 with a 95% confidence interval of 0.05 to 0.13. The
Area Under Curve(AUC) of the SROC curve was 0.95 with a 95% confidence interval of
0.85 to 0.99. Leave-one-out sensitivity analysis validated the robustness of the results
concerning heterogeneity, as subgroup analysis did not mitigate it. Deek's funnel plot
showed a symmetrical distribution of studies around the regression line, indicating no
significant publication bias (t=0.92, P=0.40). Conclusion: MRI provides a reliable

to this work and should be
considered as co-first authors.

INTRODUCTION

Laryngeal Neoplasms, a common malignant tumor
in the head and neck region, is classified into four
types: supraglottic, subglottic, glottic, and transglottic
(1. 2. Approximately two-thirds of patients with
laryngeal neoplasms have the glottic type, while the
supraglottic type accounts for about 30%. Fewer
cases are identified as subglottic or transglottic 3.4,
Laryngeal neoplasms constitute 1-5% of overall
cancer cases (°) and represents 8%-35% of malignant
tumors in otolaryngology (6, being a multifactorial
disease. Risk factors such as smoking and a laryngeal
neoplasmsohol consumption are significantly
associated with the onset of laryngeal neoplasms,
alongside other potential contributors including
microbiological and genetic factors (7). Studies
indicate a higher incidence of laryngeal neoplasms in
males (8. Symptoms include hoarseness, throat pain,
a sensation of foreign body presence, and
halitosis, severely affecting patients' breathing,
communication, and eating, thereby imposing a
considerable burden on their quality of life (9. Early
diagnosis and prognostic prediction of laryngeal
neoplasms facilitate the selection of appropriate
treatment strategies, ultimately improving patient

diagnostic performance for cartilage invasion in Laryngeal Neoplasms.

survival quality. Cartilage invasion in laryngeal
neoplasms is a prognostic factor (10-13), Research
indicates that cartilage invasion correlates with
reduced success rates for radiotherapy, often
necessitating complex procedures such as total
laryngectomy, which exacerbates dysphagia and
speech difficulties (14 and increases the likelihood of
tumor recurrence (15), With the widespread adoption
of computed tomography (CT), it has become the
most frequently utilized method for pre-treatment
and staging of laryngeal neoplasms (16). However, the
intricate structure of the neck, which includes soft
tissues of the airway, blood vessels, muscles,
cartilage, irregular bones, and numerous other
components, limits CT's ability to accurately
determine the extent of cartilage invasion (17). Studies
have shown that magnetic resonance imaging (MRI)
has significant potential in diagnosing and treating
Laryngeal Neoplasms, particularly in assessing tumor
cartilage invasion (18). This advantage is partly
attributed to MRI's ability to measure the density of
hydrogen protons in different structures (19), thereby
differentiating tumor tissue from normal tissue.
Physiological and spatial structures provide crucial
information, offering a clearer perspective than CT.
Additionally, MRI's multiparametric and
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multisequence characteristics yield clearer
anatomical details (29 and visually represent local
physiological and spatial structures. Furthermore,
MRI can utilize various pulse sequences to display
different tissue types, avoiding artifacts caused by
radiation and cortical interactions (21, thus enhancing
the accuracy of tumor boundary detection. However,
the diagnostic value of MRI in detecting cartilage
invasion in  laryngeal neoplasms remains
controversial, especially concerning sensitivity,
specificity, and accuracy, with inconsistent findings
across related studies. A systematic review and
meta-analysis are essential to consolidate current
evidence and thoroughly evaluate MRI's diagnostic
value for cartilage invasion in laryngeal neoplasms,
thereby offering a more dependable foundation for
clinical diagnosis. This study aims to systematically
evaluate the diagnostic efficacy of MRI for cartilage
invasion in  laryngeal neoplasms through
meta-analysis, exploring its sensitivity, specificity,
and overall diagnostic accuracy, while analyzing het-
erogeneity among studies and potential influencing
factors. In this study, the sensitivity and specificity of
MRI in the diagnosis of laryngeal cancer cartilage
infiltration were evaluated for the first time by
systematic Meta-analysis, which synthesized the data
from seven high-quality studies and filled the
research gap in the existing literature on the
application of MRI in this field. In addition, this study
quantified the diagnostic efficacy of MRI through
statistical methods such as SROC curves and Fagan
column line plots, and explored the sources of study
heterogeneity through sensitivity analysis and
subgroup analysis, which provided a more
comprehensive and reliable evidence support for
further clinical applications and research.

MATERIALS AND METHODS

Literature selection

A comprehensive search was performed across
various databases, such as PubMed, Web of Science
(WO0S), Embase, Cochrane Library, CNKI, Wanfang,
VIP, and the Chinese Biomedical Literature Database,
with a cutoff date of September 1, 2024.

Inclusion criteria required: (1) patients with
laryngeal neoplasms who developed -cartilage
infiltration, where -cartilage invasion was clearly
diagnosed by MRI, and patients with laryngeal
neoplasms without cartilage infiltration, where the
MRI results did not show cartilage invasion; (2) all
patients in the study underwent a standardized MRI
examination and the MRI images were able to show
detailed information about cartilage structures. The
MRI examination included conventional sequences
(e.g., T1-weighted, T2-weighted, enhanced scans, etc.)
as well as relevant specific techniques (e.g., DWI,
dynamic contrast-enhanced imaging, etc.) to assess
the infiltration of cartilage; (3) the MRI examination

results were complete; and (4) the selected studies
had to provide, or were able to be computed from
other data in the literature, four key data: the number
of  true-positive  (TP), false-negative (FN),
false-positive (FP), and true-negative (TN) cases,
which were used to calculate statistical measures
such as sensitivity, specificity, and positive and
negative likelihood ratios; (5) no age, sex, or ethnicity
restrictions; (6) no language restrictions. Exclusion
criteria were: (1) studies on animals; (2) studies that
were not case-control; (3) studies with incomplete
data, duplicate publications, reviews, or abstracts; (4)
studies with inconsistent inter-group differences or
baseline data hindering comparison; (5) Studies that
did not describe MRI diagnostic tests or were unable
to provide MRI-specific data (e.g., TP, FN, FP, TN).

Data extraction

Two  researchers independently gathered
demographic and treatment information from the
studies through Endnote software (EndNote X9, Duke
University, USA), with a third author consulted to
resolve any discrepancies. Baseline data were
collected from seven studies, detailing the first
author's name, publication year, study type,
participant count, and demographics including age
and sex ratios. The main outcomes comprised the
counts of FN, TN, TP, and FP. Literature quality
assessment was based on the QUADAS-2 quality
assessment tool.

A meta-analysis was performed using Stata 15.0
software (Stata Corp, College Station, TX, USA) to
calculate pooled sensitivity, specificity, and positive/
negative DLR. SROC curves were plotted to estimate
the overall diagnostic accuracy. A comparison of
post-test probabilities with pre-test probabilities was
conducted to evaluate whether the diagnostic results
increased or decreased diagnostic probabilities, with
pre-test probabilities derived from routine data,
clinical data, or clinical judgment. Heterogeneity was
assessed using the Cochrane Q statistic (chi-square)
and inverse variance (I?). A fixed-effects model was
applied when 1? was less than 50% and P was greater
than 0.10, indicating substantial homogeneity among
studies. Conversely, a random-effects model was
utilized for the meta-analysis when I1? was 50% or
higher and P was less than 0.10. A P-value less than
0.05 was deemed statistically significant.

RESULTS

Literature selection process: The initial search
identified 498 articles, comprising 127 from PubMed,
78 from Embase, and 292 from WOS. By reviewing
clinical research reports and references from
high-impact reviews, we identified an additional 14
studies for inclusion. Following the elimination of
145 duplicate articles, we reviewed the titles and
abstracts of the subsequent 353 papers. We excluded
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210 articles that did not meet the inclusion or
exclusion criteria, leaving 143 articles for full-text
review. After excluding articles with incomplete
information and data, seven studies were ultimately
included for analysis.

Key features of the studies included
Of the seven articles included in this analysis, with
publication dates ranging from 1995 to 2021, a total

457

of 418 patients with Laryngeal Neoplasms who
underwent MRI and pathologic examination were
included. Table 1 presents the fundamental attributes
of the included literature. All patients with Laryngeal
Neoplasms underwent MRI and histopathologic
testing, with some studies additionally including
laryngoscopic testing. Six studies were prospective
and one was retrospective. MRI models with different
instruments are shown in table 1.

Table 1. Table presents the fundamental attributes of the selected studies.

Author |Publication Date| nation Age [Q“g’) @, No|Male|Female Type MRI
P Zbaren . prospective Signa 1.5 T Perf. Plus unit (GE Med-
1 (22) 1997 Switzerland | 60(44-87) |45 44 1 study ical Systems, Milwaukee, Wis., USA)
Mohamed : prospective Ain Shams Uni versity Hospitals
2 S Taha * 2014 Egypt 58(49.8-63.8)|26| 24 2 study (1.5 T, Philips , Healthcare)
Jonas A. prospective 0.6-T su penconductive system
3 Cas(tﬁl)uns 1988 Netherlands 46-87 42| 38 4 study (Teslacon I; Techni care, Cleveland, Ohio)
Minerva . ) prospective Signa 1.5-T unit (GE Medical
4 Becker %) 1995 Switzerland | 61{44-85) 53| 51 2 study Systems, Milwaukee, Wis)
Eugenia i prospective - .
5 Allegra (26) 2014 Italy 63.6(52-79) |20| 20 0 study Philips Achieva 1.5 T MR system
(27) . " retrospective GE Excite Il Signa 3.0
6| L 2021 China 60.0618.63 |35 35 0 study Superconducting MRI Scanner
. (28) . ) 19 prospective GE Excite Il Signa 3.0
7 L 2017 China 60(39-84) 7 188 ° study Superconducting MRI Scanner

Note: The age data in table 1 are presented as median (M) and interquartile range (Q1, Q3), where M is the median, Q1 is the first quartile, and Q3

is the third quartile.

Figure 1 presents the bias risk assessment results
for the included studies, evaluating the quality of the
literature. Three studies (26-28) did not clearly specify
case selection criteria, while two studies (22.23) did not
perform inappropriate exclusions. One study (23) did
not mention whether the interpretation of MRI
results was conducted without knowledge of the gold
standard test results. All studies clearly indicated
whether the implementation and interpretation of
the gold standard could introduce bias. Furthermore,
two studies (24 27) failed to indicate if an adequate
time interval existed between the evaluated test and
the gold standard.
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Figure 1. charts show assessing article quality (A. The risk of
bias chart presents the review authors' assessment of bias risk
for each item, shown as a percentage across all included
studies. B. Summary of risk of bias assessment for each
included study as evaluated by the review authors).
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Sensitivity and specificity analysis

The overall sensitivity of MRI in diagnosing cartilage
invasion was 0.93 [95% CI (0.89-0.96), Q=5.76,
12=0.00] (figure 2A), indicating that MRI is highly
effective in accurately identifying patients with
cartilage invasion. Additionally, an I1? value of 0.00

suggests no significant heterogeneity among the
included studies, indicating good reliability. The
specificity of MRI in excluding patients without
cartilage invasion was 0.88 [95% CI (0.81-0.92),
Q=20.24, 1°=70.36] (figure 2B), demonstrating its
effectiveness in accurately identifying most patients
without cartilage invasion.

Studyld : SENSITIVITY (96% CI) Studyld SPECIFICITY (95% CI)
i
i
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1
! I
L —& | 0s4081-099 Lv —& | 0.89 [0.71-0.98]
1
Eugenia Allegra —=| 1.00[0.83-1.00] Eugenia Allegra ® | 0.98[0.91-1.00]
1
Minerva Becker = | 0.00[0.78-095) Minerva Becker = | 0.84[0.77-0.90]
1
1
Jonas A. Castelijns = | 0.89[0.75-037] Jonas A. Castelijns * | 0.88[0.75-0.96]
i
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1
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b
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Figure 2. Sensitivity and specificity analysis (A. Sensitivity
analysis; B. Specificity analysis).

Positive/negative diagnostic likelihood ratios

The Positive DLR (DLR+) was 7.49 [95% CI (4.76-
11.81)] (figure 3A), suggesting moderate diagnostic
strength of MRI when the results for cartilage
invasion are positive. The Negative DLR (DLR-) of
0.08 [95% CI (0.05-0.13)] (figure 3B) demonstrates
MRI's strong ability to exclude cartilage invasion
when results are negative.
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A B sensitivity analysis showed that no individual study
sl | LR POSITIVE (ete el S| § | PLRNEGATVEGSLED significantly influenced the overall findings (figure 6,
3 3 table 2). Therefore, despite the presence of heteroge-
o L i o RO Rl neity, the overall specificity results remain robust and
[ 8.49 [2.91 - 24.74) Lv | ® 0.06 [0.02 - 0.25] . .
| : are not driven by any single study.
Eugenia Allegra i- 31,63 [9.32 - 107.36] Eugenia Allegra -3 0.02 [0.00 - 0.38] o1 e
Minerva Becker -: 5,65 [3.81 - 8.37) Minerva Becker 3- 0.13 [0.07 - 0.27] &g m
Jonas A. Castelijns :- 7.67 [3.34 - 17.62) Jonas A. Castelijns 3- 0.12 [0.05 - 0.31] &f ;33
: 1 2 Likelihood Ratio %
Mohamed S Taha T 5.13 [1.45 - 18.11) Mohamed S Taha T 0.08 [0.01 - 0.55] 3 xsr T
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Figure 3. Forest plots illustrating both positive and negative %9 4
DLR outcomes. (A. Positive diagnostic likelihood ratio forest § gg
plot; B. Negative diagnostic likelihood ratio forest plot). 9 04
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SROC curve analysis oo LR Nogative = 008
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The SROC curve analysis revealed no threshold
. . Meta-analysis eslimates, given named study is omitted
effects, as evidenced by the absence of a typical ILowerClLimt  OEstimale | Upper CI Limit
'shoulder arm." Figure 4 demonstrates a moderate P Zbaren (1997) | I @ ]
predictive value with an SROC curve AUC of 0.95
[95% CI (0.85-0.99)]. Mohamed S Taha (2014) | [Frem s | @+ o e
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Figure 4. SROC curve Eugenia Allegra (2014) I 5 ] TR —— |
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- SRoC L e 00y Figure 6. Sensitivity analysis plot for leave-one-out analysis.
= B5% Confidancs Contou
0o 5% Prodicsion Comour Table 2. Sensitivity analysis chart for leave-one-out analysis.
10 s:.:c}?acny 0 No Study omitted Estimate | 95% Conf | Interval
. . o . . 1 P Zbaren (1997) "7 [15.519701/10.028879[24.016752
Prior probability, likelihood ratios, and posterior 2 [Mohamed S Taha (2014)%[16.703642|10.962196[25.452166,
probability 3 [lonas A. Castelijns (1988)77/17.974634] 11.3811 [28.388071
A Fagan plot was created to depict the 4 | Minerva Becker (1995)” [17.543158]10.739847(28.656124
relationship between prior probability, likelihood 5 | Eugenia Allegra (319)14)‘“’ 14.520616/9.5348215[22.113499
ratios (LR), and posterior probability (figure 5). The 5 L‘L’.”(%(i%)(zs) 1461;2235192 903?5(;81281931 ;:gig%gg
rior probability of MRI was 50%, and the posterior ! : . :
prior p ty o p Combined 16.182287]10.740729[24.380692

probability was 88%. The positive likelihood ratio
(LRP) was 7, and the negative likelihood ratio (LRN)
was 0.08, suggesting that negative MRI results
strongly indicate a low probability of cartilage
invasion in Laryngeal Neoplasms. Thus, MRI serves
as an excellent exclusionary test, effectively used to
rule out cartilage invasion in laryngeal neoplasms,
thereby reducing unnecessary further examinations
or treatments.

Sensitivity analysis

A leave-one-out sensitivity analysis was
performed to identify sources of heterogeneity. Each
study was sequentially excluded to observe its effect
on the overall specificity estimates. Although the high
I? value for specificity suggests heterogeneity, the

Subgroup analysis

Subgroup analyses were conducted on factors that
might contribute to heterogeneity in study specificity.
The elements of the subgroup analysis included study
type (prospective/retrospective), gender (whether
females were included), publication year (whether
published before 2000), and sample size (whether
greater than 50). Results across all subgroups showed
high consistency, suggesting robustness.

Publication bias analysis

Deek's funnel plot showed a symmetrical
distribution around the regression line, indicating no
significant publication bias (t=0.92, P=0.40).
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DISCUSSION

Laryngeal neoplasms are a global public health
problem of concern, characterized by clinical features
such as high rates of recurrence and metastasis and
poor prognosis 29). Accurate MRI-based staging and
assessment of cartilage invasion aid healthcare
providers in treatment planning, thereby improving
patient outcomes and quality of life for patients and
their families.

Our meta-analysis offers novel insights into the
predictive value of MRI for cartilage invasion in
laryngeal neoplasms. We included 418 patients from
seven studies, a larger cohort than most existing
imaging studies on laryngeal neoplasms. The overall
effectiveness and sensitivity of MRI in diagnosing
cartilage invasion were both above 0.85,
underscoring its high diagnostic value. The negative
likelihood ratio for MRI in this context was 0.08,
indicating that when MRI results are negative, the
likelihood of cartilage invasion is very low. Thus, MRI
serves as an excellent exclusionary test, effectively
ruling out cartilage invasion and minimizing
unnecessary further examinations or treatments.
Other studies have reached consistent conclusions (30
31),

Research by Mohamad et al indicates that MRI
can effectively diagnose T4a stage laryngeal
neoplasms, with accuracy in identifying cartilage
invasion related to both primary and secondary
tumors, reporting accuracy rates exceeding 90% for
identifying invasion of the arytenoid cartilage and
base of tongue (32). Zbdren's research indicates that
MRI, due to its heightened sensitivity yet reduced
specificity relative to CT, might overstate the extent
of tumor cartilage invasiveness (22). Additionally, data
from Park et al. A study involving 24 laryngeal
neoplasms patients demonstrated MRI's diagnostic
efficacy with a sensitivity of 0.75, specificity of 0.96,
and an AUC of 0.963 (33). Compared to CT and other
imaging modalities, MRI demonstrates superior
diagnostic accuracy 4. However, the development of
dedicated MRI protocols for early-stage laryngeal
neoplasms assessment is still ongoing due to
significant variability in scanning protocols (35,

While our results indicate heterogeneity in
specificity, our subgroup analysis did not pinpoint
the source of this heterogeneity. Given the broad time
span of the included studies, we speculate that
differences in MRI equipment models may contribute
to this variability. Research by Yu et al. (3¢) indicates
that DCE-MRI better differentiates and quantifies
laryngeal cartilage lesions compared to standard
MRI. Some scholars 7 have analyzed key
parameters in MRI for diagnosing cartilage invasion,
noting that a low 95th percentile of the AUC60 is the
only MRI variable. Heterogeneous characteristics
among tumor patients may correlate with cartilage
invasion (38, which could also be a source of

variability in our study. Additionally, the staging of
laryngeal neoplasms is a crucial factor influencing
cartilage invasion risk 39), yet the studies we included
did not clearly define patient staging. Another study
involving 358 laryngeal neoplasms patients suggests
that changes in vocal fold (VF) mobility increase the
risk of cartilage invasion (39), but our subgroup
analysis did not incorporate this metric due to its
limited presence in the studies. We look forward to
further research clarifying imaging characteristics of
cartilage invasion in well-staged laryngeal neoplasms
patients.

This study has certain limitations. Incomplete
radiological reports may restrict our findings, as not
all sub-sites of the larynx were reported, potentially
omitting important details affecting result
interpretation. Furthermore, variability in MRI
technology and different scanners used for patient
imaging may also contribute to the limitations of this
study.

CONCLUSION

MRI is a valuable tool for predicting cartilage
invasion in laryngeal neoplasms patients, potentially
serving as an essential resource for preoperative
planning and treatment decisions in this patient
population.
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