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Abstract

Background: In-office biopsies (IOB) using local anaesthetic for laryngopharyngeal
tumours has become an increasingly popular approach since the advent of distal chip
endoscopes. Although a wide range of studies advocate use in clinical practice, the
widespread application of the procedure is hampered by concerns regarding diagnos-
tic accuracy.

Objective: To assess the diagnostic accuracy of IOB performed via flexible endoscopy.
In addition, to analyse modifiable factors that may affect diagnostic accuracy of IOB.
Design: A systematic review following the PRISMA guidelines was conducted.
PubMed, EMBASE, the Cochrane Library, Web of Science and CINAHL were used in
the literature database search. Quality assessment of included studies was perfomed
using the Newcastle-Ottawa Scale.

Results: A total of 875 studies were identified, 16 of which were included into the
systematic review; 1572 successful biopsies were performed using flexible endos-
copy; 1283 cases were accurately diagnosed in the outpatient setting (81.6%) and
289 samples did not provide an accurate diagnosis (18.4%). The median sensitivity of
IOB was 73%, and the specificity was 96.7%. Analysis of variable factors did not show
any significant differences in method of approach, size of equipment (forceps) and ad-
ditional lighting system or learning curve.

Conclusion: IOB are a viable tool for diagnostic workup of laryngopharyngeal tu-
mours. Clinicians should be wary of reported limitations of IOB when benign or
pre-malignant diagnoses are made. In cases suspicious of malignancy, confirmatory
investigation should be conducted.
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1 | INTRODUCTION

Efficient allocation of care resources while improving patient out-
comes is paramount for any health system. A core part of resource al-
location in the patient care pathway involves diagnostic procedures.
These are estimated to account for up to 10% of the healthcare
budget.! Notably, diagnostic errors when they occur are significant
and add substantially to the costs incurred. These costs are greater
when considering the psychological impact on a patient when told
false positive or false negative results, or prolonged uncertainty.2
This stresses the link between long-term costs attributable to a diag-
nostic procedure and its diagnostic accuracy, hence the importance
of considering these two factors in tandem when adopting a new
diagnostic tool.

In the diagnostic workup of laryngopharyngeal tumours, biopsy
via direct laryngoscopy (DL) under general anaesthesia (GA) has
been recognised as the gold-standard method of investigation.* The
downsides of this include the potential of GA-associated complica-
tions and increased delay between initial presentation and final diag-
nosis, as theatre suites require advanced booking. Recent progress
in flexible endoscopic technology has led to the commendation of
lesions being sampled through flexible endoscopes in the in-office
(outpatient) setting.s'6 The use of flexible endoscopes for outpatient
biopsies (IOB) differs from its traditional counterpart, since patients
avoid the need for GA. There is also a reduced incidence of major
complications post-procedure.” Lastly, the speed by which samples
can be acquired can reduce the waiting times patients would nor-
mally encounter if they were referred for an operative biopsy. This
serves as a great advantage to cancer treatment pathways.

Despite this, IOB carry certain drawbacks. Samples acquired from
the procedure may be more superficial compared to those conducted
in the operative setting, owing to the fact certain anatomical sites
are more difficult to reach in the awake patient.8 The compliance of
patients during the procedure is vital; however, the stressful nature
of their hospital visit coupled by anxious thoughts regarding their
condition may lead to difficulty in acquiring samples. Furthermore,
although GA is avoided, the outpatient setting may not be the ideal
place to deal with potential complications.® It is also important to con-
sider that patients who have a negative experience during their I0OB,
may refuse follow-up investigations. Lastly, IOB's may require extra
appointment time allocation considering the requirements of the pro-
cedure, slowing down clinical workflow. Of all these drawbacks, the
one which would completely impede the interventions widespread
application in clinical practice is diagnostic accuracy.

The question remains whether IOB provide a comparable level of
accuracy to operative biopsies under GA. Some authors believe the
procedure should be used as an initial work-up that is followed by
direct laryngoscopy, especially in cases where benign/dysplastic di-
agnoses are made.®? Others suggest that biopsies identified as ma-
lignant can be taken with total confidence therefore demonstrating
its role in clinical practice.10 Overall, the diagnostic role of IOB can

be better established once thorough analysis and critical discussion

Key points

e |n-office biopsy for laryngopharyngeal tumours has be-
come an increasingly popular approach to acquire laryn-
gopharyngeal samples.

o |n office biopsy carries several advantages, some exam-
ples including cost-effectiveness, reduced waiting times
and avoidance of general anaesthesia.

e Thisis the first systematic review to determine diagnos-
tic accuracy outcomes in this patient population.

o |OB are effective tools that can be used to increase ef-
ficiency in the diagnostic workup of laryngopharyngeal

lesions.

of variable factors which may affect the accuracy of the intervention
has been undertaken.

Apart from the overall sensitivity and specificity of the inter-
vention, modifiable factors which require consideration include
the location of lesions, equipment utilised and the biopsy approach
used by the surgeon. Firstly, the location of lesions may reduce accu-
racy considering that certain structures within the laryngopharynx,
such as the glottis, may be more difficult to biopsy compared to the
pharynx. Postma et al.'* demonstrated a 100% diagnostic accuracy
when acquiring samples from the pharynx via trans-nasal oesopha-
goscopes while Cohen et al.® reported a low sensitivity (69.2%) for
biopsies taken from the larynx.

Equipment used may also affect diagnostic accuracy. Alternating
the size of forceps may provide better samples and a greater chance
of accurate diagnosis. Richards et al.}? argued that the type of for-
ceps used for IOB was an important consideration before perform-
ing the procedure. Therefore, the size and quality of equipment, the
location of lesions as well as the overall approach used by surgeons
are factors which can have an impact and as a result require further
discussion.

As the use of IOB grows, coupled by the expectation that health-
care interventions should be efficient and cost-effective, a system-
atic review seeking to determine the overall diagnostic accuracy of
IOB conducted via flexible endoscopy would provide clinicians with
an evidence-based assessment of its strengths and weaknesses. We
aim to explore the diagnostic accuracy of in-office flexible endo-
scopic biopsy for laryngopharyngeal tumours, while discussing fac-

tors which may affect the accuracy of the intervention.

2 | METHODS

Our systematic review was planned with guidance from the Preferred
Reporting Items for Systematic reviews and Meta-analyses for
Protocols (PRISMA-P).
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2.1 | Review of literature
A systematic search was conducted using MeSH terms and other
relevant keywords in the following electronic databases: PubMed,
EMBASE, The Cochrane Library, Web of Science and CINAHL.
Searches were completed in accordance with guidance from
(PRISMA-P). The final searches were carried out on 17 January
2021. Our search strategy is detailed in Table A1. Table A2 illustrates
the inclusion and exclusion criteria used for this study.

The level of evidence for each study was determined accord-
ing to the guidelines published by the Oxford Centre for Evidence-
based Medicine.r®

2.2 | Eligibility criteria

All original research articles with an adult population (>18 years)
which reported diagnostic accuracy outcomes from outpatient bi-
opsy were eligible for inclusion. Accuracy outcomes were deter-
mined by the following measures: rate of successful biopsies within
the outpatient setting, the sensitivity and specificity of IOB. Articles
which solely report the use of direct laryngoscopy under GA,; in-
vestigated children or adolescents were not written in English, con-
ference abstracts or review articles were not eligible for inclusion
(Table A2).

2.3 | Data collection and analysis
Four authors (MOA, SR, SF and JM) independently screened the
titles and abstracts of articles identified. Using the criteria from
Table A2, identified articles were then scrutinised by authors (MOA,
SR) to determine those eligible for inclusion.

Data from the included studies were tabulated in a spread-
sheet under the following headings: author name, publication year,
evidence level, study design, sample size, type of biopsy method,
method of approach, biopsy result, number of accurate versus non-
accurate diagnoses, accurate diagnoses during second attempt (GA

direct laryngoscopy).

3 | RESULTS

3.1 | Study selection

A total of 875 articles were identified from our database searches, of
which 706 were examined for potential eligibility. After screening of
titles and abstracts, 33 articles were selected, and full reports of the
relevant manuscripts were retrieved; 16 studies met our inclusion
criteria and were included in the systematic review (Figure 1). All
articles included site of biopsy, type of pathology, number of outpa-
tient biopsies accurately diagnosed and rate of false-positive versus
false-negative diagnoses.

3.2 | Study characteristics

A cohort of 1682 patients with laryngopharyngeal lesions were
identified from the final eligible articles; 1796 outpatient biopsies
were conducted using Flexible Endoscopy in these patients, of
which 1572 (87.5%) led to successful tissue acquisition for pathol-
ogy analysis. The median age of the cohort was 64.4 years (age
range: 20-93). Risk of bias assessment was conducted using the
Newcastle-Ottawa scale.** Four of the 16 included studies scored
above 6 points, indicating methodological quality (maximum score
of 9) (Table A3).

The most common biopsy sites were the larynx 1319 (83.9%), hy-
popharynx 149 (9.47%), oropharynx 108 (6.87%) and nasopharynx 4
(0.25%); 717 (45.6%) lesions were diagnosed as malignant (squamous
cell carcinoma and lymphoma), 117 (7.44%) pre-malignant (dysplasia,
carcinoma in situ) and 454 (28.88%) as benign (polyps, papilloma,
etc.).

A total of 1283 (81.6%) outpatient biopsies were accurately di-
agnosed in the outpatient setting. From data available, 289 (18.4%)
samples obtained at outpatient biopsy did not provide an accurate
diagnosis. At least 275 patients had an accurate diagnosis made
on second attempt, via direct laryngoscopy under GA (n = 269) or
10B (n = 1) or unspecified procedure (n = 5). All repeat procedures
yielded accurate diagnoses.

4 | DISCUSSION

4.1 | Overview
All 16 studies reported diagnostic accuracy, and the overall calcu-
lated accuracy amounted to 81.6% (n = 1283; Table A3). Diagnostic
accuracy was defined as the percentage of positive cases accurately
diagnosed within the outpatient setting, from the total number of
biopsies taken. Current literature has described the diagnostic ac-
curacy of IOB to be 81.8% in comparison to DL conducted in the
operative setting.’ In our study, diagnostic accuracy values ranged
between 39.5%'2 and 93.3%.1¢ Among the false diagnoses, false
negatives were far more abundant compared to false positives. In
total, 13 studies reported false positives and false negatives. False-
positive and false-negative results accounted for 1.08% and 13.6%,
respectively, of successful biopsy attempts (Table A4).

IOB was well tolerated by patients within the selected studies.
Reported side-effects included coughing or presence of the gag re-
flex.16:17 Only seven (0.41%) patients suffered complications follow-

ing the procedure, which included epistaxis (n = 3),1%%

2) 18,19

aspiration

(n= choking (n = 1)?° and dizziness (n = 1).

4.2 | Sensitivity

Sensitivity is the measure of a test's ability to classify an individual as
having a disease.?! Of 10 studies that reported sensitivity, the values
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ranged from 60% to 100% with a median of 73%. Bick et al.X¢ and

.Y had the largest cohorts with sensitivity rates included.

Coheneta
The latter reported sensitivity of 70.6% while the former reported
100% and 62% depending on whether Narrow-band Imaging (NBI)

was used (100% when used).

4.3 | Specificity

Specificity is the measure of a test's ability to classify an individual
as disease-free.?! Specificity was reported in 10 studies and ranged
between 75.6%° and 100%"118:2223 yith a median value of 96.7%.
It may be relevant that the only study that incorporated trans-oral
flexible endoscopic biopsies not only showed 100% sensitivity?® but
also reported the lowest specificity rate (75.6%). Whether this re-
flects a correlative relationship between flexible endoscopic trans-
oral biopsies and a steeper sensitivity-specificity trade-off may be

relevant for further exploration.

44 | PPV &NPV

Positive predictive value (PPV) is the percentage of patients with
a positive test who actually have the disease of interest, whereas
negative predictive value (NPV) is the percentage of patients with
a negative test who are actually disease-free.?! PPV and NPV were

reported from a total of five studies. PPV ranged between 77% ©
and 100%”® with a median value of 93.5%. NPV ranged between
0%’ and 100% with a median of 62%. The outlier value (0%) re-
ported by Naidu et al.” could potentially be explained by their low

cohort size (n = 11).

4.5 | Subsite-specific accuracy

Of the 14 studies that included biopsy subsite information, nine
studies reported the larynx as the most common biopsy loca-
tion. Overall, diagnostic accuracy based on subsite could not
be calculated since not all studies reported the relevant numerical
data.

Schutte et al.?* reported the greatest number of non-laryngeal
biopsy subsites (n = 18, 34%). Accuracy rate for their study was re-
ported as 92.5% which was greater than the average accuracy, po-
tentially suggesting that ease of access (i.e. proximal to larynx) may
be a contributing factor. It could also be noted that the study by

Richards et al.*?

which reported the lowest diagnostic accuracy pre-
dominantly carried out laryngeal biopsies (n = 76, 93.8%). However,
Afrogeh et al.?® who only performed laryngeal biopsies had accu-
racy of 82.2%, above the overall average and serves as a counter
example.

|18

Chang et a provided statistical analysis of whether biopsy

site could have affected diagnostic accuracy reported by their
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study. They found no statistical significance between biopsy lo-
cation and accuracy (y = 6.30, p = .614). Additional studies may
be required to assess the relationship between I0OB sub-site and

accuracy.

4.6 | Technique

A total of 13 studies conducted IOB via a trans-nasal approach. Two

studies'”?°

studied trans-oral biopsy. There was no reported differ-
ence in tolerability between biopsies conducted trans-nasally ver-
sus trans-orally. Of the studies that conducted trans-oral biopsies,
a significant difference in sensitivity/specificity levels compared to
trans-nasal biopsies were not identified. It remains difficult to ascer-
tain whether trans-oral biopsies grant greater accuracy compared
to trans-nasal biopsies. Future comparative research would help to

answer this question.

4.7 | Additional lighting system

Bick et al.* split their cohort into two groups, one with OB pa-
tients using the NBI filter and the other with white light high-
definition TV (WLHD). They reported higher sensitivity and
specificity rates for the NBI group (100% and 84% respectively)
compared to the WLHD group (62% and 81%). Chang et al.'® also
utilised NBI with their IOB and reported sensitivity rate of 97.2%
and specificity rate of 100%, which were well above the overall
average for the 16 studies. Based on these two studies, it is likely
that using NBI could be a useful addition when performing IOB.
Prospective randomised trials could be carried out to formally
analyse the effect of NBIs and other lighting systems on the diag-

nostic accuracy of IOB.

4.8 | Forceps size

Ten studies reported the endoscopic system used for biopsies as
well as the size of biopsy forceps.12’15’18'20’22’24'27 The most com-
mon endoscopes included those made by KayPentax, Medtronic
and Olympus (Table A5). Most authors opted for 1.8-mm or 2-mm
forceps (serrated or non-serrated). Studies that chose biopsy for-

6,8,20,26

ceps greater than 2 mm were found to have an average

diagnostic accuracy of 73.9% while studies that chose biopsy for-
ceps <2 mm had a diagnostic accuracy of 74.6%.1%15:22.24.2527 The
significance of this result remains difficult to determine as stud-
ies were conducted with different methodologies and varying co-
horts. In addition, factors such as patient compliance would have
an equal or greater effect on size of sample acquired, possibly af-
fecting diagnostic accuracy. It is difficult to make a fair comparison
based on these results alone, whether biopsy forceps size corre-
lates to improved diagnostic accuracy. Future studies comparing

these components are needed.

49 | Learningcurve

Chang et al.t® split up their IOB procedures into two groups (initial
30 procedures and last 60 procedures) to analyse whether surgeon
experience was associated with accuracy. They reported that ex-
perience with IOB did not show statistically significant association
with diagnostic accuracy (p = .131). This result may need to be taken
cautiously as inexperience could increase the risk of misdiagnosis or
procedure-related harm to patients. Furthermore, Chang et al.’® had
assessed if the learning curve of a “single experienced laryngologist”
affected diagnostic accuracy, bringing into question if this finding
could be generalised to the wider surgeon population. Chang et al.*®
also reported a diagnostic accuracy of 98.9% with only one incorrect
diagnosis among the 90 procedures. Hence, accuracy of the initial
30 and subsequent 60 procedures would not have differed much,
potentially resulting in an under-estimate of the role of experience
with 10B.

Schutte et al.,?* Richards et al.}? and Bick et al.X® commented that
experienced surgeons performed the |OB in their studies. However,
the association of experience with diagnostic accuracy was not re-
ported in these studies. The diagnostic accuracies reported by them
were far apart, ranging from 39.5%'2 to 93.3%.' However, without
information about surgeon experience from the other studies it was
not possible to quantify its association with diagnostic accuracy.

410 | Repeat biopsies

All repeat biopsies yielded accurate diagnoses and almost all of them
were direct laryngoscopies (n = 269/275). In general, the studies
considered direct laryngoscopy under general anaesthesia as the
gold-standard procedure against which IOB were evaluated.

Direct laryngoscopy re-biopsies in the studies reporting a 100%
diagnostic accuracy could be due to an element of cautious deliber-
ation. The majority of re-biopsies were performed for a high clinical
suspicion of malignancy but negative initial IOB result. Repeat pro-
cedures would likely involve increased care in tissue sampling se-
lection, potentially better access and greater total volume of tissue
volume biopsied.

Schutte et al. was the only group that carried out a repeat IOB
among their re-biopsies (one 10B, one direct Iaryngoscopy),24 They
obtained an accurate diagnosis with the repeat IOB but did not state
why that patient was selected for it as opposed to a direct laryngos-
copy. The sample size of patients undergoing IOB re-biopsy (n = 1)
is too small to evaluate the usefulness of repeat IOB. This limitation

presents an area that could be further explored in future studies.

4.11 | Significance of findings

Our results indicate that IOB can be a highly useful tool in the di-
agnostic workup pathway. 87.5% of performed biopsies were suc-
cessful in acquiring adequate tissue for pathology analysis. Accurate
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diagnosis was achieved in 81.6% of cases. |IOB appear to offer
advantages such as timely results, cost savings compared to op-
erative biopsies. Farias et al.®® reported potential annual savings of
$50 140.80 if IOB were used as a primary method of investigation.
Similarly, Lippert et al. reported a reduced duration in waiting time
with successful biopsies.'>?” Furthermore, IOB carry an effective
diagnostic accuracy based on reported NPV and sensitivities within
our included studies. However, a high level of suspicion is required
when biopsies return as negative considering the false-negative
rates within our studies. It is advised that future management deci-
sions in such cases should be taken in conjunction with clinical find-
ings and additional information available to the clinicians. We believe
it is necessary to assess the validity of results received from an 10B,
in the context of the patient. In cases of doubt, confirmatory inves-

tigation via direct laryngoscopy can be conducted.

4.12 | Limitations

Limitations of our review include the inclusion of retrospective co-
hort studies. This makes studies included more prone to biases such
as publication and ascertainment bias. Our systematic review also
excluded non-English primary articles and, hence, relevant papers in
other languages may have been missed.

Studies included in this review did not have patient cohorts that
were well-matched based on factors that could affect diagnostic
accuracy such as lesion attributes (e.g. tumour size, exophytic vs.
endophytic) and site of biopsy. With biopsy site, for example, more
accessible parts of the laryngopharynx (e.g. tongue base) would be
expected to be easier to obtain specimens from and possibly be as-
sociated with better diagnostic accuracy outcomes. Exophytic le-
sions may also confer an advantage with regards to obtaining better
biopsy samples (hence, leading to high accuracy rates) compared to

ulcerative endophytic lesions.

5 | FUTURE PROSPECTS

Research on the differences between transnasal approach and tran-
soral approach and their associations with diagnostic accuracy is an
area that could be further studied. Prospective studies could also
be undertaken with randomisation to allow for an analysis of higher
quality evidence. Modifiable variables such as type of forceps (e.g.
serrated) and lighting systems (e.g. NBI) could also be individually
studied to further determine their impact on diagnostic accuracy al-
lowing clinicians to utilise the benefits of IOB while continuing to
minimise its limitations.

6 | CONCLUSION

In conclusion, IOB is an effective tool for the diagnostic workup of
laryngopharyngeal lesions. Its advantages would be beneficial to

clinicians who are seeking to reduce procedural time and improve on
cost savings. Available evidence suggests clinicians should remain
cautious when interpretating negative biopsy results, especially in
the context of strong suspicion and should conduct confirmatory
testing in such scenarios.
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OWUSU-AYIM ET AL.

TABLE A1 Search strategy Search strategy ("larynx" or "laryngeal" or "laryngo*" or "pharyngeal" or "pharynx

or "oesophageal" or "oesophagus") and ("tumour" or "lesion"
or "benign" or "malign*" or "carcinoma" or "dysplasia") AND
("biopsy" or "biopsies") AND ("office" OR "outpatient" or "in-

office" o

TABLE A2 Inclusion and exclusion criteria

PICOS strategy

P-Population

I-Intervention

C-Comparison

O-Outcome

Inclusion criteria
Patients 218 years of age, with pharyngeal or laryngeal benign
or (pre-)malignant lesions.

Transnasal Flexible Endoscopic biopsy for a laryngopharyngeal
lesion performed in the outpatient setting under local
anaesthetic.

Patients who have received biopsy under general anaesthetic
for a laryngopharyngeal lesion.

Accuracy (rate of successful biopsies, sensitivity and specificity)

r "office-based")

Exclusion criteria

Children and adolescents

Any other method of biopsy for laryngopharyngeal
lesion conducted under general anaesthetic.

Studies that do not provide data on this outcome.
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