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A B S T R A C T

This is the protocol for a review and there is no abstract. The objectives are as follows:

To determine and compare the diagnostic accuracy of preoperative conventional MRI and conventional CT for detecting cartilage

invasion in patients with laryngeal and hypopharyngeal squamous cell carcinoma, who have not previously undergone surgery, using

histopathology as the reference standard.

Diagnostic accuracy may vary depending on the methodological quality of the study, study population and technical characteristics of

the index test and reference test. Therefore, we will assess whether heterogeneity in sensitivity and/or specificity can be related to:

• methodological quality rating for the four QUADAS-2 domains (low risk of bias versus high risk of bias versus unclear risk of

bias);

• previous radiotherapeutic treatment (yes versus no);

• sublocation distribution (glottic versus supraglottic versus subglottic versus hypopharyngeal);

• type of cartilage assessed (thyroid versus cricoid versus arytenoid);

• T-classification distribution;

• N-classification distribution;

• magnetic field strength used (1.5 Tesla versus 3.0 Tesla);

• slice thickness imaging;

• slice thickness pathology;

• diagnostic criteria used/differences in (qualitative) thresholds.
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B A C K G R O U N D

Target condition being diagnosed

The target condition being diagnosed in this review is cartilage in-

vasion in laryngeal and hypopharyngeal squamous cell carcinoma.

This protocol applies only to squamous cell carcinoma. When-

ever we speak of laryngeal or hypopharyngeal cancer, we mean

squamous cell carcinoma. The hypopharynx, oropharynx and na-

sopharynx make up the pharynx. The hypopharynx is the most

caudal part of the pharynx. The larynx is subdivided into three

anatomical regions for tumour staging purposes: the glottis, supra-

glottis and subglottis. Approximately two-thirds of laryngeal can-

cers originate from the glottis and one-third from the supraglottis.

Subglottic laryngeal cancers are rare. Worldwide, over 150,000

new cases of laryngeal cancer are diagnosed yearly with an age-

standardised rate of 2.1 per 100,000 (Cancer Research UK 2012;

GLOBOCAN 2012). Reported five-year survival rates following

treatment range between 61% and 72% in the United States, the

United Kingdom and the Netherlands (American Cancer Society

2015; Cancer Research UK 2012; NWHHT 2010; SEER 2014).

Survival is related to the stage of disease at diagnosis. Five-year

survival rates are highest for patients presenting at stage I (94% to

100%) and lowest for those diagnosed with stage IV disease (40%

to 65%) (Cancer Research UK 2012; NWHHT 2010).

The presence of cartilage invasion is an important prognostic fac-

tor in laryngeal and hypopharyngeal squamous cell carcinoma and

one of the main determinants in the staging of laryngeal cancer ac-

cording to the TNM classification (Table 1; Table 2; Table 3; Table

4; UICC 2009). Accurate assessment of cartilage invasion is essen-

tial not only in determining prognosis, but also in choosing a treat-

ment strategy. Tumour invasion through the inner cortex of the

thyroid cartilage equals a T3 tumour and tumour invasion through

the outer cortex of the thyroid cartilage equals a T4 tumour. Ac-

cording to the Dutch national guideline on laryngeal cancer, small

T3 tumours can be treated using either (accelerated) radiotherapy

or larynx-preserving surgery in selected cases (NWHHT 2010).

Large T3 and T4 tumours should be treated with chemoradio-

therapy or total laryngectomy (NCCN 2014; NWHHT 2010).

The American Society of Clinical Oncology recommends larynx

preservation in T3 and T4 disease with cartilage invasion lim-

ited to the cortex (ASCO 2006). Chemoradiotherapy is the most

widely applied approach. Total laryngectomy is reserved for those

patients with tumour penetration through the cartilage into the

surrounding soft tissues (ASCO 2006).

Index test(s)

Both magnetic resonance imaging (MRI) and computed tomog-

raphy (CT) can be used to assess cartilage invasion preoperatively.

CT and MRI each have their unique strengths and weaknesses.

MRI provides good contrast between different soft tissues, which

makes it superior in distinguishing between soft tissue and tu-

mour. However, cartilage invasion is easily overestimated, since it

is hard to distinguish from peritumoral inflammation (Maroldi

2014). MRI does not require the use of iodinated contrast and

does not involve ionising radiation. CT evaluation requires less

time, thereby limiting artefacts induced by movements as a result

of breathing, swallowing and coughing (Castelijns 1988). CT is

superior to MRI in evaluating cortical bone involvement, is less

expensive than MRI and, unlike MRI, can be used in patients with

ferromagnetic objects in the body.

Different criteria can be used to diagnose cartilage invasion on

CT, including erosion, lysis, (asymmetric) sclerosis and extra-la-

ryngeal spread (Appendix 1; Becker 1997). On MRI, signal inten-

sities are used to distinguish tumour invasion from peritumoral

inflammation and healthy tissue. The signal intensity of cartilage

is compared to the tumour mass outside the cartilage. If the car-

tilage has a similar intensity to the tumour mass or has a similar

enhancement following gadolinium contrast injection as the tu-

mour mass, the cartilage is considered to be invaded by tumour

(Becker 2008). If the cartilage has a higher signal intensity than

the tumour mass or enhancement following gadolinium contrast

is greater, peritumoral inflammation without tumour invasion is

diagnosed (Becker 2008). Both CT and MRI criteria are based on

a qualitative assessment. As a result, the expertise of the radiologist

or clinician affects the diagnostic value of these imaging modali-

ties.

Clinical pathway

Laryngeal and hypopharyngeal cancer are diagnosed through clin-

ical history and physical examination using a rigid or flexible fibre-

optic endoscope. If a tumour is identified, both imaging and direct

laryngoscopy will be used to assess the tumour before treating it.

The tumour can be primary, residual or recurrent. Patients with a

residual or recurrent tumour may have undergone previous surgi-

cal treatment or chemoradiotherapy. Imaging is vitally important

in staging and treatment selection. It provides assessment of both

the tumour and regional lymph nodes, and occasionally unsus-

pected second primary tumours are detected. Both the Dutch and

American guidelines recommend using one of the two (NCCN

2014; NWHHT 2010). However, given their unique strengths

and weaknesses, MRI and CT can complement each other and
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may be combined in the diagnostic process (Shah 2012). Direct

laryngoscopy with the use of rigid telescopes and/or an operating

microscope is performed following radiographic evaluation. Di-

rect laryngoscopy ensures accurate evaluation of the primary tu-

mour and its extension into adjacent structures. Histological eval-

uation is required to determine the precise nature of the lesion.

Biopsy is usually performed during direct laryngoscopy. Imaging,

direct laryngoscopy and histological evaluation are performed in

all patients with laryngeal and hypopharyngeal cancer, regardless

of TNM stage.

Rationale

The Dutch national guideline on laryngeal cancer states that CT

is characterised by low sensitivity and high specificity for detect-

ing cartilage invasion, whereas MRI is characterised by high sen-

sitivity and low specificity (NWHHT 2010). The guideline does

not advise the use of either MRI or CT, but rather leaves the

choice between the two to be based on the clinician’s preference

and experience. These statements are based on outdated literature

and this leaves room for an extensive review process on this topic

(Becker 1995; Becker 1997). It is important to accurately diag-

nose cartilage invasion. Overestimation of cartilage invasion can

result in over-staging and consequent over-treatment. This means

that patients may be subjected to total laryngectomy when they

could have been offered organ preservation if they were staged

more accurately (Li 2011). On the other hand, underestimation

may result in under-treatment, jeopardising the chance of cure.

O B J E C T I V E S

To determine and compare the diagnostic accuracy of preoperative

conventional MRI and conventional CT for detecting cartilage

invasion in patients with laryngeal and hypopharyngeal squamous

cell carcinoma, who have not previously undergone surgery, using

histopathology as the reference standard.

Secondary objectives

Diagnostic accuracy may vary depending on the methodological

quality of the study, study population and technical characteris-

tics of the index test and reference test. Therefore, we will assess

whether heterogeneity in sensitivity and/or specificity can be re-

lated to:

• methodological quality rating for the four QUADAS-2

domains (low risk of bias versus high risk of bias versus unclear

risk of bias);

• previous radiotherapeutic treatment (yes versus no);

• sublocation distribution (glottic versus supraglottic versus

subglottic versus hypopharyngeal);

• type of cartilage assessed (thyroid versus cricoid versus

arytenoid);

• T-classification distribution;

• N-classification distribution;

• magnetic field strength used (1.5 Tesla versus 3.0 Tesla);

• slice thickness imaging;

• slice thickness pathology;

• diagnostic criteria used/differences in (qualitative)

thresholds.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomised controlled studies and cross-sectional

diagnostic studies. These may be either prospective or retrospec-

tive. Patients should be included consecutively. We will exclude

case-control studies. We will include studies with the following

comparisons:

• studies directly comparing both CT and MRI in the same

patient population;

• studies that randomise patients to one of the two index tests;

• studies evaluating one of the two index tests;

• studies in which both index tests are evaluated, but not in

the same patient population.

We realise that indirect comparisons (bullet 3 and 4) can be prone

to selection bias. However, a first exploration of the literature has

led us to believe there are insufficient studies to limit inclusion to

studies with direct comparisons (bullet 1 and 2).

Furthermore, studies must report sufficient data in order for us to

extract the following:

• the number of true positives: patients categorised as

diseased by both the index and reference test;

• the number of false negatives: patients categorised as

diseased by the reference test, but as non-diseased by the index

test;

• the number of true negatives: patients categorised as non-

diseased by both the index and reference test;

• the number of false positives: patients categorised as non-

diseased by the reference test, but as diseased by the index test.

We will not apply any restrictions based on a minimal quality

standard, minimal sample size or number of patients with the

target condition (i.e. cartilage invasion).
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Participants

We will include studies that include patients with histopatholog-

ically proven laryngeal or hypopharyngeal squamous cell carci-

noma, or both. We will only include studies that include patients

who have not previously undergone surgery, to ensure that the ref-

erence standard (definitive histopathology) can be obtained. We

will include studies including patients who have previously un-

dergone radiotherapy. Study inclusion will not be limited by age,

gender, T-stage or setting.

Index tests

The index tests under review are conventional CT and conven-

tional MRI. Conventional CT is characterised by an X-ray tube

and detector that are physically rotated around a stationary ob-

ject. Conventional MRI is characterised by an oscillating mag-

netic field that is temporarily applied to the patient and a receiving

coil. Non-conventional imaging modalities include single-photon

emission CT, diffusion-weighted MRI or nuclear imaging. These

non-conventional imaging modalities are not eligible for inclu-

sion. We chose conventional CT and conventional MRI because

they are currently used to detect cartilage invasion/assess tumour

stage. Both are widely available in radiology departments world-

wide. Different criteria can be used to diagnose cartilage invasion,

including erosion, lysis, (asymmetric) sclerosis and extra-laryngeal

spread (Appendix 1; Becker 1997). We will not limit study inclu-

sion based on the diagnostic criteria that were used.

We will limit study inclusion based on the quality of the CT and/

or MRI. Regarding CT, we will exclude studies using a CT slice

thickness of more than 3 mm. Intravenous contrast should have

been used in the studies in order to be included. Regarding MRI,

we will exclude studies using a MRI slice thickness of more than

4 mm and/or an interslice gap of more than 0.4 mm. At least T1-

weighted and T2-weighted, turbo spin echo (TSE) or short tau

inversion recovery (STIR) sequences should have been used. Post-

gadolinium contrast series and either a 1.5 or 3.0 Tesla magnet

should have been used.

Target conditions

Cartilage invasion in patients with histopathologically proven la-

ryngeal and hypopharyngeal squamous cell carcinoma.

Reference standards

We will only include studies that used definitive histopathology

on tissue that has been removed during surgery as the reference

standard. Since surgery is invasive, it is not usually performed in

patients with negative index test results, which can lead to par-

tial verification bias. Long-term clinical follow-up of at least one

year is not an alternative to our primary reference standard in pa-

tients that will not undergo laryngectomy/tumour resection. All

patients with laryngeal or hypopharyngeal cancer will undergo

treatment (surgery, radiotherapy or chemoradiotherapy) regardless

of whether they have cartilage invasion or not. A lack of cartilage

invasion at one-year follow-up does not necessarily mean the pa-

tient had no cartilage invasion at the time of imaging. The absence

of cartilage invasion may have been due to the patient having un-

dergone treatment (surgery, radiotherapy or chemoradiotherapy).

Furthermore, it is not possible to accurately assess cartilage inva-

sion post-(chemo)radiotherapy using imaging without pathologic

confirmation. Studies therefore will most likely only include pa-

tients with an indication for surgery. As it seems likely that in these

study populations the prevalence of cartilage invasion is higher

than it is in the general population of patients with laryngeal or

hypopharyngeal cancer, this could lead to overestimation of the

positive predictive value and underestimation of the negative pre-

dictive value.

We will restrict the studies to those that used the index and ref-

erence tests within six weeks of each other to limit bias due to

changes in tumour status/cartilage invasion over time.

Search methods for identification of studies

The Cochrane ENT Trial Search Co-ordinator will conduct sys-

tematic searches for diagnostic test accuracy studies. There will

be no language, publication year or publication status restrictions.

We may contact original authors for clarification and further data

if trial reports are unclear and we will arrange translations of papers

where necessary.

Electronic searches

Published, unpublished and ongoing studies will be identified by

searching the following databases from their inception:

• Ovid MEDLINE (1946 to date);

• Ovid MEDLINE (In-Process & Other Non-Indexed

Citations);

• PubMed (as a top up to searches in Ovid MEDLINE);

• Ovid EMBASE (1974 to date);

• EBSCO CINAHL (1982 to date);

• Web of Knowledge, Web of Science (1945 to date);

• ClinicalTrials.gov, www.clinicaltrials.gov (search via the

Cochrane Register of Studies to date);

• ICTRP (search to date);

• ISRCTN, www.isrctn.com (search to date);

• Google Scholar (search to date);

• Google (search to date).

The subject strategies for databases will be modelled on the search

strategy designed for MEDLINE (Appendix 2).
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Searching other resources

We will scan the reference lists of identified publications for ad-

ditional trials and contact trial authors if necessary. In addition,

the Trials Search Co-ordinator will search PubMed, TRIPdatabase

and Google to retrieve existing systematic reviews relevant to this

systematic review, so that we can scan their reference lists for ad-

ditional trials. We will search for conference abstracts using the

Cochrane ENT Trials Register and EMBASE.

Data collection and analysis

Selection of studies

We will import all references identified by the electronic searches

into RefWorks and remove duplicates. Two review authors (IW

and IS) will independently screen the retrieved records. Discrep-

ancies will be resolved through a consensus discussion between

the two review authors. If disagreements persist, a third review

author will resolve discrepancies (LH, JBR, FAP or RdB). The

third review author will be chosen based on his or her expertise.

LH and JBR will resolve discrepancies regarding epidemiology/

methodology, FAP regarding radiology and RdB regarding clinical

questions. We will review the titles and abstracts and discard those

articles that are obviously ineligible (see Table 5 for a full list of

the inclusion and exclusion criteria). We will exclude systematic

reviews, opinion papers, editorials, conference abstracts and poster

presentations at this stage. We will exclude studies that clearly do

not evaluate the diagnostic accuracy of conventional CT or MRI,

but other imaging modalities such as diffusion-weighted MRI or

nuclear imaging. We will exclude studies reviewing the use of CT

and/or MRI following surgical treatment.

We will proceed by retrieving and reviewing the full-text copies.

We will only include those studies evaluating the diagnostic accu-

racy of conventional CT and/or conventional MRI in compari-

son with definitive histology in patients with laryngeal and/or hy-

popharyngeal squamous cell carcinoma for detecting cartilage in-

vasion. We will exclude studies evaluating the diagnostic accuracy

of these imaging modalities for establishing lymph node metas-

tases or other tumour characteristics. We will only include studies

if they meet the CT and/or MRI criteria listed under Index tests.

We will not include studies using reference standards other than

histopathology. Studies will not be limited by language, location

or setting at any stage of the selection procedure.

Data extraction and management

Two review authors (IW and IS) will independently extract key

data regarding the study populations, the index test, the reference

test and the diagnostic test results from the included studies using

data extraction sheets. A complete list of characteristics and results

that we will be extracting is shown in Appendix 3. Discrepancies

will be resolved through a consensus discussion between the two

review authors or a third review author will resolve discrepancies

(LH, JBR, FAP or RdB).

The two review authors (IW and IS) are capable of assessing and

evaluating articles written in English, Dutch, German and French.

Data from articles written in other languages will be extracted by

radiologists or ENT surgeons with knowledge of the language,

correspondence with the study authors, or by a translator working

in conjunction with two review authors (IW and IS).

Assessment of methodological quality

Two review authors (IW and IS) will independently assess the

methodological quality of the included studies using predefined

criteria. Discrepancies will be resolved through a consensus dis-

cussion between the two review authors or a third review author

will resolve discrepancies (LH, JBR, FAP or RdB). We will use

the QUADAS-2 tool to assess methodological quality (Whiting

2011). A full list of the criteria and their operational definitions

is shown in Appendix 4. We will include a filled out QUADAS-

2 form for each of the included studies, as well as a methodolog-

ical quality summary figure and a methodological quality graph.

The methodological quality summary figure presents for each in-

cluded study the ’yes’, ’no’ and ’unclear’ judgements for each qual-

ity assessment item in graphical form. The methodological quality

graph presents for each quality assessment item the percentage of

the included studies with the item rated ’yes’, ’no’ and ’unclear’ in

a stacked bar chart.

We will include studies regardless of their quality of evidence. In-

stead, we will explore the impact of (poor) methodological quality

using meta-regression analyses. The methods are described in the

section Investigations of heterogeneity.

Statistical analysis and data synthesis

Disease status and index test results are both binary, leading to the

extraction of true positive, false positive, true negative and false

negative test results for MRI and/or CT for each included study.

We will construct forest plots showing estimates of sensitivity and

specificity and their corresponding 95% confidence intervals for

each study. We will sort the forest plots by imaging techniques

(MRI and CT). We will calculate confidence intervals around

these proportions according to the method of Wilson (Newcombe

1998). We will also plot sensitivities and specificities in receiver

operator characteristic (ROC) space, using different symbols for

MRI and CT estimates. In case of studies providing direct evidence

we will link MRI and CT points in ROC space derived from the

same study. We will use random-effects bivariate regression mod-

els to meta-analyse the logit transformed sensitivity and specificity

of MRI and CT to obtain pooled estimates and 95% confidence

intervals of these parameters (Macaskill 2010). We will use the

exact binomial distribution to model the within-study variance.
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Therefore, we will use non-linear mixed models to estimate the

parameters of interest. We will carry out the comparison of accu-

racy between CT and MRI by adding a covariate for the type of

index test to the model to investigate whether sensitivity, speci-

ficity or both are different between the two imaging techniques.

If sufficient studies providing direct evidence are available (n = 5

or higher), we will perform a sensitivity analysis focusing on these

studies alone, taking the paired nature into account (Trikalinos

2013).

We will present the results of the bivariate regression models in

ROC space, showing pooled estimates of sensitivity and specificity

together with 95% confidence intervals around these pooled esti-

mates (Macaskill 2010; Reitsma 2005).

Investigations of heterogeneity

We will add covariates to the bivariate regression models to as-

sess whether heterogeneity in sensitivity and/or specificity can be

related to the factors mentioned under Secondary objectives. We

will include one covariate in the analyses at a time.

Sensitivity analyses

We will perform two sensitivity analyses:

• a separate analysis of studies with an overall low risk of bias,

characterised by a low risk of bias in three out of four QUADAS-

2 domains (patient selection, index test, reference standard, and

flow and timing) compared to the analysis of all studies

combined regardless of their methodological quality;

• a separate analysis of studies with direct comparisons

compared to the analysis of studies with both direct and indirect

comparisons.

Assessment of reporting bias

There is a lack of sensitive tests for use in diagnostic test accuracy

(DTA) reviews and the determinants of publication bias are un-

known. Therefore we elect not to investigate reporting bias.
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A D D I T I O N A L T A B L E S

Table 1. Tumour staging for glottic laryngeal cancer according to TNM classification

Tumour stage Characteristics

T1 a Tumour limited to one vocal cord with normal mobility; may involve anterior commissure

b Tumour involves both vocal cords with normal mobility; may involve anterior commissure

T2 Tumour extends to supraglottis and/or subglottis and/or impaired vocal cord mobility

T3 Tumour limited to the larynx with vocal cord fixation and/or invasion of paraglottic space and/or inner cortex

of the thyroid cartilage

T4 a Moderately advanced local disease: tumour invades through outer cortex of the thyroid cartilage and/or invades

tissue beyond the larynx

b Very advanced local disease: tumour invades prevertebral space, encases carotid artery or invades mediastinal

structures
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Table 2. Tumour staging for supraglottic laryngeal cancer according to TNM classification

Tumour stage Characteristics

T1 Tumour limited to one subsite of supraglottis with normal vocal cord mobility

T2 Tumour invades mucosa of more than one adjacent subsite of supraglottis or glottis or region outside the

supraglottis without fixation of the larynx

T3 Tumour limited to larynx with vocal cord fixation and/or invades any of the following: post-cricoid area, pre-

epiglottic space, paraglottic space and/or inner cortex of thyroid cartilage

T4 a Moderately advanced local disease: tumour invades through the thyroid cartilage and/or invades tissues beyond

the larynx

b Very advanced local disease: tumour invades prevertebral space, encases carotid artery or invades mediastinal

structures

Table 3. Tumour staging for subglottic laryngeal cancer according to TNM classification

Tumour stage Characteristics

T1 Tumour limited to subglottis

T2 Tumour extends to vocal cord(s) with normal or impaired mobility

T3 Tumour limited to larynx with vocal cord fixation

T4 a Moderately advanced local disease: tumour invades cricoid or thyroid cartilage and/or invades tissues beyond

the larynx

b Very advanced local disease: tumour invades prevertebral space, encases carotid artery or invades mediastinal

structures

Table 4. Tumour staging for hypopharyngeal cancer according to TNM classification

Tumour stage Characteristics

T1 Tumour limited to one subsite of hypopharynx and/or 2 cm or less in greatest dimension

T2 Tumour invades more than one subsite of hypopharynx or an adjacent site, or measures more than 2 cm but

not more than 4 cm in greatest dimension without fixation of hemilarynx

T3 Tumour more than 4 cm in greatest dimension or with fixation of hemilarynx or extension to oesophagus

T4 a Moderately advanced local disease: tumour invades thyroid/cricoid cartilage, thyroid bone, thyroid gland or

central compartment soft tissue*
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Table 4. Tumour staging for hypopharyngeal cancer according to TNM classification (Continued)

b Very advanced local disease: tumour invades prevertebral fascia, encases carotid artery or involves mediastinal

structures

*Central compartment soft tissue includes prelaryngeal strap muscles and subcutaneous fat.

Table 5. Inclusion and exclusion criteria

Inclusion criteria Prospective and retrospective randomised controlled studies and cross-sectional diagnostic studies

Studies with direct comparisons and studies with indirect comparisons of CT and/or MRI

Patients with histopathologically proven laryngeal and/or hypopharyngeal squamous cell carcinoma

The use of conventional CT and/or MRI as the index test

The use of definitive histopathology removed during surgery as the reference standard

The evaluation of cartilage invasion

Exclusion criteria Patients who have previously undergone surgical treatment of the larynx and/or hypopharynx

CT slice thickness of more than 3 mm and/or a MRI slice thickness of more than and/or an interslice gap of

more than 0.4 mm

Lack of intravenous contrast when using CT or lack of post-gadolinium contrast series when using MRI

Sequences other than T1-weighted and T2-weighted, turbo spin echo (TSE) or short tau inversion recovery

(STIR)

Tesla magnet other than 1.5 or 3.0

The use of long-term clinical follow-up as a reference standard

More than 6 weeks between the index test and the reference test

The evaluation of lymph node metastases or tumour characteristics other than cartilage invasion

The number of true positives, false negatives, false positives and true negatives cannot be extracted

Case-control studies

Systematic reviews

Opinion papers

Editorials
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Table 5. Inclusion and exclusion criteria (Continued)

Conference abstracts

Poster presentations

CT: computed tomography

MRI: magnetic resonance imaging

A P P E N D I C E S

Appendix 1. Glossary

Term Explanation

Erosion A localised form of lysis limited to a sclerotic cortex

Lysis A punched-out lesion or focal defect within sclerotic marrow

Sclerosis An obvious thickening of the ossified inner or outer cortex or increased ossification of the medullary cavity

Appendix 2. MEDLINE search strategy

1. exp Hypopharyngeal Neoplasms/

2. exp Laryngeal Neoplasms/

3. exp Hypopharynx/

4. exp Larynx/

5. (hypopharyn* or laryngopharyn* or larynx* or laryngeal or pharyngolaryn* or laryngopharyn*).ab,ti.

6. (glott* or supraglott* or subglott*).ab,ti.

7. ((head adj3 neck) or (neck adj3 node*)).ab,ti.

8. 3 or 4 or 5 or 6 or 7

9. exp Neoplasms/

10. (carcinom* or cancer* or neoplas* or tumor* or tumour* or malignan* or SCC).ab,ti.

11. 9 or 10

12. 8 and 11

13. “Head and Neck Neoplasms”/

14. (HPC or LPC or HNSCC or LPSCC or HPSCC).ab,ti.

15. 1 or 2 or 12 or 13 or 14

16. exp Laryngeal Cartilages/

17. exp Neoplasm Staging/

18. Neoplasm Invasiveness/
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19. ((Cartilage* or arytenoid* or cricoid or thyroid or epiglott* or neoplas* or tumour* or tumor* or bone or extralaryn* or locoregional)

and (invasion or invad* or invasiveness or infiltrate* or destruct* or spread)).ab,ti.

20. (erosion or lysis or sclerotic or sclerosis or (punch* adj3 out adj3 lesion*) or (focal adj3 defect) or ossification or ossified).ab,ti.

21. ((over or neoplasm* or neck or tumour* or tumor* or primary) adj3 (stage or staging)).ab,ti.

22. overstaging.ab,ti.

23. 16 or 17 or 18 or 19 or 20 or 21 or 22

24. 15 and 23

25. exp Magnetic Resonance Imaging/

26. ((mr or nmr) adj3 (imag* or tomograph*)).ab,ti.

27. (mri or mris or fmri).ab,ti.

28. (magnetic adj3 resonance adj3 imag*).ab,ti.

29. (chemical adj3 shift adj3 imag*).ab,ti.

30. (proton adj3 spin adj3 tomograph*).ab,ti.

31. (Magneti#ation adj3 Transfer adj3 Contrast adj3 Imag*).ab,ti.

32. Zeugmatography.ab,ti.

33. 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32

34. exp Tomography, X-Ray Computed/

35. (CT or CTs).ab,ti.

36. (comput* adj6 tomograph*).ab,ti.

37. (electron adj3 beam adj3 tomography).ab,ti.

38. Tomodensitometry.ab,ti.

39. (CAT adj3 scan*).ab,ti.

40. (mfct or mdct or msct).ab,ti.

41. 34 or 35 or 36 or 37 or 38 or 39

42. 33 and 41

43. 24 and 42

Appendix 3. Data extraction sheet

Domain Items

Study characteristics Author, publication year and journal

Language

Study design

Start and finish dates of study

Study location (country)

Setting (community, university, tertiary)

Number of participating centres

Study population Population source (clinic, surgical records)

Age distribution (mean/median, standard deviation, range)
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(Continued)

Sex distribution

Sublocation distribution (glottic, supraglottic, subglottic, hypopharyngeal)

TNM stage distribution

Surgery type (partial or total laryngectomy)

Previous treatment (surgery, radiotherapy, chemoradiotherapy)

Index test Index test used (CT, MRI, both)

Number of radiologists involved

Experience level of radiologists

Diagnostic criteria used for establishing cartilage invasion

Blinding of radiologists for results of histopathological analysis

Slice thickness (mm)

Interslice gap (mm)

Scanning time (s)

Intravenous contrast use (yes or no)

MRI sequence used (T1- and T2-weighted, TSE, STIR)

Strength of Tesla magnet used (1.5 or 3.0)

Reference test Number of pathologists involved

Experience level of pathologists

Blinding of pathologists to results of CT and/or MRI

Slice thickness (µm)

Flow and timing Time in between index test(s) and reference test (weeks)

Study results Type of cartilage assessed (thyroid, cricoid, arytenoid)

True positives

False positives
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(Continued)

True negatives

False negatives

Correspondence with authors

Abbreviations: CT = computed tomography; MRI = magnetic resonance imaging.

Appendix 4. Methodological quality assessment sheet

Domain Item Assessment

Patient selection Signalling question 1: was a consecutive or random sam-

ple of patients enrolled?

Yes if the authors explicitly mention that patients were

consecutively enrolled or a random sample of patients

was enrolled. No if patients were not consecutively en-

rolled or patients were not enrolled randomly. Unclear if

inclusion and exclusion were not mentioned and it was

not explicitly mentioned whether patients were consec-

utively enrolled

Signalling question 2: was a case-control design avoided? Yes if the study design was not case-control. No if the

study design was case-control. Unclear if no information

was provided in the article regarding study design and

the authors did not supply additional information

Signalling question 3: did the study avoid inappropriate

exclusions?

Yes if inappropriate exclusions were avoided. Examples

of inappropriate exclusions are excluding patients who

have previously undergone radiotherapy or limiting in-

clusion by age, gender or TNM stage. No if inappro-

priate exclusions were not avoided. Unclear if inclusion

and exclusion were not mentioned in the article and the

authors did not supply additional information

RoB: could the selection of patients have introduced

bias?

Low if at least two questions are answered ’yes’, high

if two or more questions are answered ’no’ and the re-

maining combinations of answers leads to the judge-

ment ’unclear’

Applicability: is there concern that the included patients

do not match the review question?

Yes if patients with cancers other than laryngeal and/

or hypopharyngeal cancer were included or patients

had undergone previous surgical treatment. No if only

patients with laryngeal and/or hypopharyngeal cancer

were included that had not undergone previous surgical

treatment. Unclear if the subtype of head and neck can-

cer or previous history of patients was not mentioned

in the article and the authors did not supply additional
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(Continued)

information

Index test Signalling question 1: were the index test results inter-

preted without knowledge of the results of the reference

standard?

Yes if CT and MRI were assessed before performing

surgery or if radiologists were blinded for the out-

comes of surgery and histopathology. No if CT and/

or MRI were assessed after performing surgery and ra-

diologists were not blinded for the outcome of surgery

and histopathology. Unclear if both flow and timing and

blinding of radiologists were not mentioned in the arti-

cle and the authors did not supply additional informa-

tion

Signalling question 2: if a threshold was used, was it pre-

specified?

Yes if cartilage invasion was established or excluded

based on predefined diagnostic criteria. No if diagnostic

criteria were not predefined or no standardised diagnos-

tic criteria were used for establishing presence or absence

of cartilage invasion. Unclear if (the use of ) diagnostic

criteria was not mentioned in the article and the authors

did not supply additional information

RoB: could the conduct or interpretation of the index

test have introduced bias?

Low if both questions are answered ’yes’, high if either

question is answered ’no’ and the remaining combina-

tions of answers leads to the judgement ’unclear’

Applicability: is there concern that the index test, its

conduct or interpretation differ from the review ques-

tion?

Yes if CT and/or MRI did not fulfil the criteria listed

in section Index tests. No if CT and MRI fulfilled all

of the criteria listed in section Index tests. Unclear if no

information was provided in the article regarding any

of the criteria listed in the section Index tests and the

authors did not supply additional information.

Reference test Signalling question 1: is the reference standard likely to

correctly classify the target condition?

Yes if histopathology of surgical specimens was used as

the reference test. No if another reference test was used,

e.g. long-term follow-up. Unclear if type of reference

test was not mentioned in the article and the authors

did not supply additional information

Signalling question 2: were the reference standard results

interpreted without knowledge of the results of the index

test?

Yes if histopathologic specimen was assessed by pathol-

ogists that were blinded for the results of CT and MRI.

No if histopathologic specimen was assessed by pathol-

ogists that were not blinded for the results of CT and/

or MRI. Unclear if no information was provided in the

article regarding blinding of the pathologists for one or

both of the index tests and the authors did not supply

additional information

RoB: could the reference standard, its conduct, or its

interpretation have introduced bias?

Low if both questions are answered ’yes’, high if either

question is answered ’no’ and the remaining combina-

tions of answers leads to the judgement ’unclear’
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(Continued)

Applicability: is there concern that the target condition

as defined by the reference standard does not match the

review question?

Yes if the outcome is any other than cartilage invasion

as established by histopathology. No if the outcome is

cartilage invasion as established by histopathology. Un-

clear if the outcome measure or the reference standard

was not mentioned in the article and the authors did

not supply additional information

Flow and timing Signalling question 1: was there an appropriate interval

between the index test(s) and reference standard?

Yes if the interval between CT/MRI and histopathol-

ogy was shorter than six weeks. No if the interval be-

tween CT/MRI and histopathology was longer than six

weeks. Unclear if the interval between CT/MRI and

histopathology was not explicitly mentioned in the arti-

cle and the authors did not supply additional informa-

tion

Signalling question 2: did all patients receive a reference

standard?

Yes if all patients received a reference test, regardless of

what type of reference test. No if any of the included

patients did not receive a reference test. Unclear if it was

not explicitly mentioned whether all patients received a

reference test

Signalling question 3: did patients receive the same ref-

erence standard?

Yes if histopathologic examination was performed in

all patients in the same standardised way: clearly de-

fined slice thickness and staining techniques. No if

histopathologic examination was not performed in all

patients or the slice thickness and/or staining techniques

were not the same for all patients. Unclear if it was

not explicitly mentioned whether all patients received

histopathologic examination, or slice thickness and/or

staining techniques were not mentioned

Signalling question 4: were all patients included in the

analysis?

Yes if at least 90% of the patients that were initially re-

cruited were included in the analyses. No if more than

10% of the initially recruited patients were not included

in the analyses. Unclear if it was not mentioned how

many patients were initially included and how many

were eventually included for analyses, or how many pa-

tients were excluded from the final analyses

RoB: could the patient flow have introduced bias? Low if at least three questions were answered ’yes’, high

if two or more questions were answered ’no’ and the

remaining combinations of answers leads to the judge-

ment ’unclear’

Abbreviations: CT = computed tomography; MRI = magnetic resonance imaging; RoB = risk of bias.
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