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1 | INTRODUCTION

Abstract

The aim of this meta-analysis was to determine the diagnostic test accuracy of
sentinel lymph node biopsy (SLNB) in patients with oropharyngeal, laryngeal,
and hypopharyngeal squamous cell carcinoma (SCC). For this purpose, MED-
LINE, EMBASE, and Web of Science were searched from inception to March
8, 2022. Included were studies evaluating diagnostic test accuracy of SLNB to
identify cervical lymph node metastases with elective neck dissection or
follow-up as reference. A bivariate generalized linear mixed model approach
was used for the meta-analysis. Nineteen studies were eligible, evaluating
377 cases in total. The pooled estimates of sensitivity and negative predictive
value were 0.93 (95% CI: 0.86-0.96) and 0.97 (95% CI: 0.94-0.98), respectively.
The excellent accuracy of SLNB justifies a place in the diagnostic workup of
patients with larynx and pharynx SCC. Randomized trials are required to dem-
onstrate oncologic safety and benefits on treatment related morbidity and qual-
ity of life when omitting elective neck treatment based on SLNB.
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nodal metastases, elective irradiation of large anatomical
volumes of the neck is performed routinely in the major-

Laryngeal and pharyngeal squamous cell carcinoma
(SCC) comes with a substantial risk for cervical lymph
node metastases." Because historically, diagnostic
work-up had limited accuracy for the detection of small

ity of patients with a clinically negative neck (cNO)
receiving definitive (chemo)radiotherapy (CRT).> The
aim is to eradicate metastases that stay under the diagnos-
tic detection level (i.e., occult or microscopic metastases).
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Current multimodal high-resolution imaging approaches
have unprecedented accuracy in the detection of small
nodal metastases.* As a result, the risk of having micro-
scopic nodal metastases and also the microscopic tumor
burden itself, are nowadays much lower compared to
several decades before.* Nevertheless, elective neck
irradiation (ENI) has remained largely unchanged.
Therefore, RT dose and volume of ENI are nowadays
likely larger than necessary to achieve control of occult
disease.”> An important consequence of ENI is the
significant contribution to late radiation sequelae, such
as dysphagia and xerostomia that negatively affect quality
of life.>” Depending on tumor site and T-classification,
the prevalence of occult metastases ranges between 10%
and 35%.° Therefore, the majority of patients will not
benefit from ENI but do carry the burden of consequential
radiation sequelae. Not surprisingly, de-escalation of
both RT dose and volume of ENI are important topics in
clinical research.’** Obviously, the challenge is equivalent
in surgically treated patients who are at risk for receiving
futile elective neck dissection (END) with associated mor-
bidity such as pain and limitations in shoulder function.'*
However, the sensitivity for detection of very small metas-
tases with current imaging approaches is still insufficient
to omit elective neck treatment in patients with a clinically
negative neck.

Sentinel lymph node biopsy (SLNB) has emerged as a
staging procedure that can reliably detect microscopic
nodal metastases. This technique is based on the premise
that metastases orderly progress with the lymphatic flow
from the primary tumor to the sentinel lymph nodes
(SLN) before spreading to subsequent draining lymph
nodes, and that the pathologic status of the SLN accu-
rately reflects the histology of subsequent lymph nodes."”
Most accurate histopathological detection of metastases
can be achieved with step serial sectioning and immuno-
histochemistry.'® In early stage oral cavity cancers, SLNB
has an important place in diagnostic workup of the neck
and is decisive to perform or omit END.'”"*® For other
tumor sites in the head and neck area such as the larynx
and pharynx that are primarily treated with (C)RT, SLNB
is not performed routinely. Analogous to oral cavity can-
cers, it is conceivable that SLNB can also reduce the need
for elective treatment of the neck in patients treated with
(C)RT. By tailoring ENI to the individual patient, guided
by information provided by SLNB, unnecessary
treatment-associated morbidity may be avoided. It is
expected that such treatment strategy will improve qual-
ity of life without compromising oncologic outcomes.

Before such strategy can be implemented in clinical
trials, data on diagnostic test accuracy of SLNB for these
tumor sites is mandatory. However, studies reporting on
this subject are scarce and the numbers of included

subjects are small. Therefore, we performed a systematic
review and meta-analysis to determine the diagnostic test
accuracy of SLNB for the detection of cervical lymph
node metastases in patients with oropharyngeal, laryn-
geal and hypopharyngeal SCC.

2 | METHODS

This review and meta-analysis of diagnostic test accuracy
studies was conducted according to the Cochrane Hand-
book for Systematic Reviews of Diagnostic Test Accuracy
and reported following the PRISMA-DTA guidelines.***!
The full study protocol is available at the international
prospective register of systematic reviews (PROSPERO)
(registration number: CRD42021232282).

2.1 | Eligibility criteria

Included were cohort studies and randomized trials eval-
uating diagnostic test accuracy of SLNB using a radioac-
tive agent and/or fluorescent dye (index test) for the
detection of cervical lymph node metastases (target con-
dition) with END or a follow-up of at least 18 months in
case of a “wait and see” policy as reference standard, in
an adult human population with newly diagnosed oro-
pharyngeal, laryngeal or hypopharyngeal SCC. Exclusion
criteria were: sample size <5 patients; previous oncologic
treatment of the neck; clinical staging of the neck by pal-
pation only; or when it was not possible to derive abso-
lute numbers of observations for true positives (TP), true
negatives (TN), and false negatives (FN) regarding the
diagnostic test accuracy of SLNB for the tumor sites oro-
pharynx and larynx/hypopharynx separately.

2.2 | Data sources and search strategy
The electronic databases of MEDLINE, EMBASE, HTA,
DARE, Cochrane, and Web of Science (Science Citation
Index) were searched without applying restrictions, from
inception to March 8, 2022. The search strategy was
developed with input from the project team and then
peer reviewed by an independent Health Sciences Librar-
ian with expertise in systematic review searching. The
search strategy included terms and synonyms for “senti-
nel lymph node biopsy,” “squamous cell carcinoma,”
“head and neck neoplasm,” “pharynx,” “larynx,” and
“diagnostic test accuracy” (also see full study protocol at
PROSPERO). Additionally, reference lists of included
studies and relevant reviews identified through the
search were screened for eligible publications.
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2.3 | Study selection

The titles and abstracts yielded by the search were
screened against the eligibility criteria independently by
two reviewers using standardized forms. Disagreements
were discussed and resolved by consensus. Unresolved
disagreements were adjudicated by an independent arbi-
trator. Overlapping cohorts were identified based on
coauthor names and affiliations, inclusion periods and
the number of included subjects. For overlapping
cohorts, the publication describing the largest population
of interest for this review was included.

2.4 | Data extraction

The extracted data comprised characteristics with regard
to the study design, population, diagnostic workup, refer-
ence standard, procedures and diagnostic outcomes of
SLNB, and anatomical distribution of SLNs. All data were
extracted in duplicate by two independent reviewers
using standardized forms. Disagreements were discussed
and resolved by consensus. To obtain 2x2 contingency
tables for the evaluation of diagnostic test accuracy of
SLNB, absolute numbers of TP, TN, and FN findings
were extracted or calculated. Contingency tables were
extracted separately for the tumor sites oropharynx and
larynx/hypopharynx. Authors were contacted if the
appropriate data could not be obtained from the pub-
lished articles. TP was defined as the presence of metasta-
ses in SLN(s). TN was defined as the absence of
metastases in SLN(s) and END specimen or the absence
of regional recurrence during follow-up in case of a “wait
and see policy.” FN was defined as the absence of metas-
tases in SLN(s) but presence of metastases END specimen
or regional recurrence during follow-up in case of a “wait
and see policy.” False positive (FP) results are not possi-
ble because histopathological examination provides indis-
putable proof of metastases and therefore the specificity
and positive predictive value (PPV) are always 1.

2.5 | Risk of bias and applicability

The methodological quality of included studies was eval-
uated using the Quality Assessment tool of Diagnostic
Accuracy Studies (QUADAS-2).** Signaling questions for
bias and criteria for assessment of applicability were tai-
lored to this specific review. Signaling questions for bias
regarding blinding and threshold for the domains index
test and reference standard were omitted because histo-
pathological detection of nodal metastases is considered
an objective test without threshold being used. Concerns

regarding applicability were rated high when patient
selection and methodological procedures of SLNB in the
included studies significantly diverged from current inter-
national consensus guidelines on SLNB in oral can-
cer.'”!®23 For patient selection, concerns regarding
applicability were rated high when >10% of the popula-
tion had T4 tumors or a clinically positive neck. With
regard to SLNB procedures, concerns regarding applica-
bility were rated high when less than 3 peritumoral tracer
injections were applied, no preoperative SLN localization
was performed (planar lymphoscintigraphy or SPECT/
CT), or histopathological examination of SLNs did not
include both serial step sectioning and immunohisto-
chemistry. Each included study was critically appraised
by two reviewers independently and discrepancies were
resolved by consensus.

2.6 | Data synthesis

Statistical analysis was carried out with R (R Foundation
for Statistical Computing, Vienna, Austria). Data from
2x2 contingency tables was used to calculate pooled sen-
sitivity, FN rate, and negative predictive value (NPV).
Results are presented graphically by plotting estimates of
sensitivity and NPV with their 95% confidence intervals
(95% CI) in forest plots. A bivariate generalized linear
mixed model approach was used for the meta-analysis in
which counts of TP and TN are directly modeled.***
This approach does not require the assumption that the
logit sensitivity and logit specificity approximately follow
normal distributions within studies, which could be seri-
ously violated in the presence of small data counts. It also
avoids corrections for zero counts. Heterogeneity was
investigated visually by examining the forest plots and
statistically by including covariates in the bivariate
models and by conducting pre-specified subgroup and
sensitivity analyses.”® The following sources of heteroge-
neity were assessed: tumor site (oropharynx vs. larynx/
hypopharynx), SLN localization (preoperative imaging
vs. intraoperative only), reference standard (END
vs. “wait and see”), and QUADAS-2 risk of bias and
applicability (low vs. high). Deeks' test and funnel plots
were used to explore publication bias.?’

In addition, pooled estimates (with their correspond-
ing 95% CI) of SLN detection rate, prevalence of contra-
lateral SLNs and the prevalence of nodal metastases were
calculated using Freeman-Tukey double arcsine transfor-
mation within a random effects model framework.*® Het-
erogeneity of combined study results were assessed by I,
and its connected chi-square test for heterogeneity, and
the corresponding 95% prediction interval were calcu-
lated. Differences between the tumor sites oropharynx
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and larynx/hypopharynx were tested using the Q statistic
for heterogeneity.” The Q statistic follows a y*-
distribution with number of groups - 1 degrees of freedom
under the null hypothesis of no heterogeneity between
subgroups.

3 | RESULTS
3.1 | Study selection and characteristics
of included studies

The search identified 11 687 records of which 4982
were duplicates, leaving 6705 records to screen. Based
on title and abstract 6585 records were excluded. For
8 of 120 remaining records, full-text could not be
retrieved, leaving 112 records for assessment of eligibil-
ity. All inclusion criteria were met in 19 articles and
these were included in the analysis.**"** Reasons for

exclusion and the flow of information through the
review process are shown in Figure 1. The included
studies reported the results of SLNB in a total of
377 patients with oropharyngeal (n = 162), laryngeal
(n = 181), or hypopharyngeal (n = 34) SCC. Character-
istics of study design and patient population are sum-
marized in Table 1 and characteristics of study
procedures in Table 2.

3.2 | Risk of bias and applicability

The risk of bias and concerns regarding applicability varied
among the studies (Figure S1 and Table S1, Supporting
Information). Risk of bias with respect to patient selection
was rated high in 2 (11%) studies because of the retrospec-
tive design and unclear in 11 (58%) prospective cohort stud-
ies because these did not explicitly report if the cohorts
were consecutive. All studies were rated low risk of bias

[ Identification of studies via databases and other sources J
)
Records identified from: Records removed before
EMBASE (n = 4140) screening:
MEDLINE (n = 2741) Duplicate records removed
S Web of Science (n = 1735) (n = 4982)
® Cochrane (n = 416)
g DARE (n =119)
t HTA (n=71) >
e Reference lists from eligible
= articles (n = 1050)
Reference lists from relevant
reviews (n = 1415)
—
y
Records screened > Records excluded
(n = 6705) (n = 6585)
A 4
Reports sought for retrieval Reports not retrieved
—>
= (n=120) (n=18)
=
o
o
‘;; \4
R | :
Reports assessed for eligibility epggﬁoer;f;%:ges (n = 36)
(n=112) Overlapping cohorts (n = 23)
Conference abstract (n = 14)
Missing data (n = 10)
No SLN biopsy (n = 3)
No radioactive agent (n = 2)
Previously treated (n = 2)
— v No imaging of neck (n = 1)
Letter to editor (n = 1)
E Studics included in analvei Review (n = 1) FIGURE 1 PRISMA 2020 flow
% (nu= |1egs) included in analysts diagram for systematic reviews [Color
= figure can be viewed at
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TABLE 2 Characteristics of study procedures
Procedures of sentinel Histopathological evaluation
L. lymph node biopsy of sentinel node(s)
Clinical
evaluation of Tracer Step-serial Reference
Author Year the neck injection Imaging sectioning Staining standard
Akyildiz 2017 CT/MRI, US Pre-epiglottic L, G Yes (100 pm) HE, IHC END
et al®®
Arakietal® 2020 CT/MRI PT 4x FLUO No (1 section per HE,IHC FU (>24 M)
2 mm blocks)
Burcia 2010 CT PT 3-4x LG Yes (250 pm) HE, THC END
et al.?
Cizmarevic 2006 CT, US PT 4x LG Yes (100-150 pm) HE,IHC END
and Zargi’?
Dequanter 2013  CT/MRI PT G No (2 sections per HE,IHC FU (median 59 M)
et al.> 2.5 mm blocks)
Flachetal®® 2013 CT/MRI, US-FNAC  PT 4x Yes (150 pm) HE,IHC END
Hoft et al.>® 2004 US-FNAC PT 4x L, G No (3 sections per HE,IHC END
2 mm blocks)
Hu et al.*” 2011 CT/MRI PT 3-4x L, SPECT, G  Yes (not specified) HE,IHC END
Khadivi 2015 CT PT 4x G Yes (not specified) HE END
etal.®®
Kovacs 2009 CT, US PT 2-8x LG Yes (150 pm) HE,IHC FU (mean 80 M)
et al.®
Lawson 2010 CT PT 4x G Yes (150 pm) HE,IHC END
et al.®®
Pengetal* 2015 CT/MRI PT 4x FLUO NR NR END
Prgomet 2008 CT, US PT 3-4x LG NR HE END
et al.*?
Santaolalla 2008 CT PT 4x L, G Yes (150 pm) HE, IHC END
etal.®
Schilling 2015 CT/MRI, US-FNAC PT 4x LG Yes (150 pm) HE, IHC FU (>36 M)
etal*
Stefanicka 2010 CT,US PT 1-4x L, G Yes (200 pm) HE,IHC END
et al.*
Stoeckli*® 2007 CT/MRI, US-FNAC  PT4x L,SPECT,G  Yes (150 pm) HE,IHC END /FU (mean
19 M)
Tomifuji 2008 CT, US PT 3-4x LG Yes (not specified) HE,IHC END
et al.’
Werner 2004 CT,US PT 4x G No (1 mm slices) HE,IHC END
et al.*®

Abbreviations: CT, computed tomography; END, elective neck dissection; FLUO, fluorescence; FNAC, fine needle aspirated cytology; FU, follow-up; G,
gamma-probe; HE, hematoxylin and eosin; IHC, immunohistochemistry; L, planar lymphoscintigraphy; MRI, magnetic resonance imaging; NR, not reported;
PT, peritumoral; SPECT, single photon-emission computed tomography; US, ultrasound.

with respect to the index test and reference standard. Risk
of bias with respect to flow and timing was rated high in
3 (16%) studies because not all patients were included in
the final analysis. There were concerns regarding applicabil-
ity of results in 12 (63%) studies because patient selection or
study procedures significantly diverged from international
consensus guidelines on SLNB.

3.3 | Diagnostic test accuracy

The forest plots in Figure 2 show the number of TP, FN,
and TN observations, and the sensitivity and NPV of each
included study. For the whole group, the pooled estimate
of the sensitivity of SLNB was 0.93 (95% CI: 0.86-0.96) and
for the NPV this was 0.97 (95% CI: 0.94-0.98) (Figure 2A).
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(A) Study TP TN FN  Sensitivity (95%Cl) NPV (95%Cl)
Hoft3¢ 7 20 1 0.88[0.53; 0.98] e 0.95[0.77; 0.99] —=
Werner#® 17 58 3 0.85 [0.64; 0.95] —a— 0.95[0.87; 0.98] —=
Cizmarevic3? 3 2 0 1.00 [0.44; 1.00] —_—a 1.00[0.34; 1.00] —_—a
Stoeckli 4 5 0 1.00 [0.51; 1.00] E——— 1.00[0.57; 1.00] —
Prgomet*? 4 13 1 0.80 [0.38; 0.96] —_—— 0.93 [0.69; 0.99] —
Santaolalla®? 3 3 0 1.00 [0.44; 1.00] —_—= 1.00 [0.44; 1.00] —_—=
Tomifuji4’ 5 15 0 1.00[0.57; 1.00] e 1.00 [0.80; 1.00] B—
Kovacs* 1 14 0 1.00[0.21; 1.00] —_——=n 1.00[0.78; 1.00] —
Burcia3? 6 10 0 1.00 [0.61; 1.00] —_— 1.00[0.72; 1.00] —=
Lawson#® 14 15 0 1.00 [0.78; 1.00] —a 1.00 [0.80; 1.00] —a
Stefanicka® 5 4 0 1.00 [0.57; 1.00] —n 1.00[0.51; 1.00] —=
Hu” 13 27 1 0.93 [0.69; 0.99] — 0.96 [0.82; 0.99] —=
Dequanter 2 9 0 1.00 [0.34; 1.00] —_— 1.00 [0.70; 1.00] —
Flach3® 4 7 1 0.80 [0.38; 0.96] —_— 0.88[0.53; 0.98] —_—
Khadivi®® 1 4 0 1.00[0.21; 1.00] —_—= 1.00[0.51; 1.00] —_—
Peng*! 1 6 0 1.00 [0.21; 1.00] _— = 1.00[0.61; 1.00] —
Schilling* 2 8 0 1.00 [0.34; 1.00] —_— 1.00 [0.68; 1.00] —
Akyildiz*® 10 8 0 1.00[0.72; 1.00] —= 1.00 [0.68; 1.00] E—
Araki' 3 18 1 0.75 [0.30; 0.95] S — 0.95[0.75; 0.99] —
Summary 0.93 [0.86; 0.96] : : | - : 0.97 [0.94; 0.98] | : | | °I
0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
(B) s
Study TP TN FN  Sensitivity (95%Cl) NPV (95%Cl)
Hoft 7 8 1 0.88[0.53; 0.98] —_— 0.89[0.57;0.98] ———
Werner*® 9 33 2 0.82[0.52; 0.95] —_— 0.94[0.81; 0.98] —=
Cizmarevic?? 3 2 0 1.00 [0.44; 1.00] —_—= 1.00 [0.34; 1.00] —_— =
Stoeckli*® 4 5 0 1.00[0.51; 1.00] —_— 1.00 [0.57; 1.00] —
Santaolalla®? 3 3 0 1.00 [0.44; 1.00] —_—= 1.00 [0.44; 1.00] —_—=
Kovacs® 1 14 0 1.00[0.21; 1.00] —_——= 1.00 [0.78; 1.00] —a
Burcia3? 6 10 0 1.00[0.61; 1.00] —— 1.00 [0.72; 1.00] —=
Stefanicka® 5 4 0 1.00[0.57; 1.00] —— 1.00[0.51; 1.00] —
Dequanter®* 2 9 0 1.00 [0.34; 1.00] e 1.00 [0.70; 1.00] —a
Peng* 1 6 0 1.00[0.21; 1.00] —_—————= 1.00[0.61; 1.00] —
Schilling* 2 8 0 1.00[0.34; 1.00] —_—= 1.00 [0.68; 1.00] —
Araki3! 2 7 1 0.67 [0.21; 0.94] . a— 0.88[0.53; 0.98] — &
Summary 0.92[0.80; 0.97] : : | —— 0.96 [0.91; 0.99] 1 | : : ‘I
025 05 075 1 0 025 05 075 1
(©) Study TP TN FN  Sensitivity (95%Cl) NPV (95%Cl)
Werner*® 8 25 1 0.89[0.57; 0.98] —_—— 0.96 [0.81; 0.99] —
Prgomet*? 4 13 1 0.80[0.38; 0.96] —_— 0.93[0.69; 0.99] —s
Tomifuji*’ 5 15 0 1.00 [0.57; 1.00] —_— 1.00[0.80; 1.00] —=
Lawson# 14 15 0 1.00[0.78; 1.00] —a 1.00 [0.80; 1.00] —a
Hu®” 13 27 1 0.93[0.69; 0.99] — 0.96 [0.82; 0.99] —
Flach% 4 7 1 0.80[0.38; 0.96] e 0.88[0.53; 0.98] e
Khadivi®*® 1 4 0 1.00[0.21; 1.00] _— = 1.00[0.51; 1.00] E—
Akyildiz3® 10 8 0 1.00[0.72; 1.00] — 1.00[0.68; 1.00] e
Araki® 1 1 0 1.00[0.21; 1.00] —_——————= 1.00 [0.74; 1.00] —
Summary 0.94[0.85; 0.98] | | : : ’I 0.97 [0.92; 0.99] | : : : ‘I
0 025 05 075 1 0 025 05 075 1
FIGURE 2 Forest plots of sensitivity and negative predictive value for all (A) tumor sites (oropharynx, larynx, and hypopharynx), and

the tumor sites (B) oropharynx and (C) larynx and hypopharynx. CI, confidence interval; FN, false negative; TN, true negative; TP, true
positive [Color figure can be viewed at wileyonlinelibrary.com]
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3.4 | Additional analyses

Subgroup analyses on tumor site demonstrated a pooled
estimate of the sensitivity of SLNB of 0.92 (95% CI: 0.80-
0.97) and a NPV of 0.96 (95% CI: 0.91-0.99) for oropharyn-
geal tumors (Figure 2B) and 0.94 (95% CI: 0.85-0.98) and
0.97 (95% CI: 0.92-0.99) for laryngeal/hypopharyngeal
tumors, respectively (Figure 2C).

Sensitivity analyses were performed to investigate het-
erogeneity in diagnostic test accuracy (Figure 3). For stud-
ies with low risk for bias (QUADAS-2), the pooled
estimate of the sensitivity of SLNB was 0.93 (95% CL
0.85-0.96), for the NPV this was 0.97 (95% CI: 0.93-0.98).
For studies with low concerns for applicability
(QUADAS-2), this was 0.95 (95% CI: 0.81-0.99) and 0.97
(95% CI: 0.89-0.99), respectively. For studies that per-
formed  preoperative = SLN  localization  (planar

Sensitivity (95%Cl)
All 0.93 [0.86; 0.96]
Oropharynx 0.92[0.80; 0.97]
Larynx/hypopharynx 0.94[0.85; 0.98]
QUADAS-2 low risk for bias 0.93 [0.85; 0.96]
QUADAS-2 low concern for applicability 0.95[0.81;0.99]
Preoperative SLN imaging 0.95[0.87; 0.99]
Follow-up(reference standard) 0.90 [0.53; 0.99]

FIGURE 3
interval; NPV, negative predictive value; SLN, sentinel lymph node

TABLE 3

Oropharynx
162 (reported in 12 studies)
1.0 (95% CI: 0.96-1.0)

No. of patients
Pooled detection rate of SLNs

Mean number of SLNs per

patient 117 patients with 264 SLN)

Pooled prevalence of

contralateral SLN studies in 107 patients)

Level I in 5% (12/258)
Level I in 69% (181/258)
Level III in 22% (56/258)
Level IV in 2% (5/258)
Level V in 1% (3/258)

Anatomical neck levels of SLN

lymphoscintigraphy or SPECT/CT), sensitivity was 0.95
(95% CI: 0.87-0.99) and NPV was 0.98 (95% CI: 0.93-0.99).
A “wait and see” policy was used as reference standard
in 4 studies. For these studies, sensitivity was 0.90
(95% CI: 0.53-0.99) and NPV was 0.98 (95% CI: 0.88-1.00).

Publication bias is unlikely, because Deek's funnel
plot was relatively symmetrical with respect to the regres-
sion line and having a nonsignificant asymmetry test
(p = 0.16) (Figure S2).
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Results of sentinel lymph node

For the whole group, the pooled SLN detection rate was
0.98 (95% CI: 0.94-1.0) (reported in 19/19 studies in
377 patients). A total of 810 SLNs were identified and

NPV (95%ClI)
0.97 [0.94; 0.98]
0.96 [0.91; 0.99]
0.97[0.92;0.99]
0.97 [0.93; 0.98]
0.97[0.89; 0.99]
0.98 [0.93; 0.99]
0.98[0.88; 1.00]

‘HHH
bo b

Tumor site specific results of sentinel lymph node biopsy

2.2 (264/117) (reported in 9/12 studies in

0.16 (95% CI: 0.06-0.29) (reported in 8/12

T T T I T T T
0.25 0.5 0.75 1 0 0.25 0.5 0.75

Pooled estimates of sensitivity and negative predictive value of all studies, subgroups and sensitivity analysis. CI, confidence

Larynx and hypopharynx p-value
215 (reported in 10 studies) NA
0.96 (95% CI: 0.87-1.0) 0.37

2.7 (546/201) (reported in 10/10 studies in NA
201 patients with 546 SLN)

0.35 (95% CI: 0.19-0.52) (reported in 7/10 0.09
studies in 159 patients)

Level I in 1% (2/276) NA
Level I1 in 48% (131/276)

Level III in 41% (114/276)

Level IV in 7% (18/276)

Level Vin 1% (2/276)

No. of patients with nodal
metastases

Pooled prevalence of nodal
metastases

Level VI in 1% (1/258) (reported in 9/12
studies in 115 patients with 258 SLNs)

49 of which 45 were detected by SLNB and
4 with END/FU (with negative SLNB)

0.29 (95% CI: 0.18-0.41)

Level VI in 3% (9/276) (reported in 7/10
studies in 113 patients with 276 SLNs)

64 of which 60 were detected by SLNB and NA
4 with END/FU (with negative SLNB)
0.30 (95% CI: 0.20-0.41) 0.93

Abbreviations: END, elective neck dissection; FU, follow-up; NA, not applicable; SLN, sentinel lymph node.
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excised with a mean number of SLNs per patient of 2.6
(810/310) (reported in 16/19 studies in 310 patients). The
pooled prevalence of contralateral SLNs was 0.26 (95%
CI: 0.15-0.38) (reported in 13/19 studies in 266 patients).
A higher prevalence of contralateral SLNs was observed
for laryngeal/hypopharyngeal SCC (0.35, 95% CI: 0.19-
0.52) compared to oropharyngeal SCC (0.16, 95% CI:
0.05-0.29), but the difference did not reach statistical
significance (p = 0.09). The pooled prevalence of
clinically occult nodal metastases was 0.29 (95% CI:
0.22-0.37) and were detected by SLNB (n = 105) or
END/FU (with negative SLNB) (n = 8). The prevalence
of clinically occult metastases was not different between
laryngeal/hypopharyngeal SCC (0.30, 95% CI: 0.20-0.41)
and oropharyngeal SCC (0.29, 95% CI: 0.18-0.41)
(p = 0.93). Forest plots of pooled data are shown in
Figure S3. Tumor site specific results of SLNB and the
anatomical distribution of SLNs are shown in Table 3.

4 | DISCUSSION

The principal finding of this systematic review and meta-
analysis is that the diagnostic test accuracy of SLNB for
the detection of cervical lymph node metastases in
patients with oropharyngeal, laryngeal and hypopharyn-
geal SCC is excellent. The procedure appears to be appli-
cable in these tumor sites, because in 98% of the patients
at least 1 SLN could be detected and surgically removed
for histopathological examination. Subgroup analysis
demonstrated no relevant differences in diagnostic test
accuracy between the tumor sites oropharynx and lar-
ynx/hypopharynx. As expected, the anatomical distribu-
tion of SLNs demonstrate high concordance with the
historical data on the distribution of clinically manifest
cervical lymph node metastases in head and neck SCC as
reported by Lindberg et al. in 1973.*° For oropharyngeal
SCC, the majority of SLNs was seen in neck level II
(69%), mostly with unilateral SLNs only (84%). For laryn-
geal/hypopharyngeal SCC, most SLNs were seen in neck
level II (48%) and III (41%) with more frequent bilateral
SLNs (35%).

Among tumors arising from the mucosal surface of
the upper aerodigestive tract, the oral cavity is the only
tumor site where SLNB is a validated alternative to END
and is routinely applied by experienced surgical teams in
clinical practice.'”" Literature on the diagnostic test
accuracy for SLNB in patients with oral cavity cancers
demonstrates a high concordance with the results of the
current study. A meta-analysis of 66 studies including
3566 patients with oral cancer demonstrated a pooled
sensitivity of 0.87 and a NPV of 0.94.°° In the current
study, this was 0.93 and 0.97, respectively.

WILEY_|

In both the present study and the aforementioned
oral cavity cancer meta-analysis, clinically occult metas-
tases were identified in approximately 30% of the
patients.”® This emphasizes that the detection of very
small lymph node metastases with current diagnostic
imaging approaches is still insufficient to omit elective
neck treatment.* It is for this reason that ENI is per-
formed routinely in patients primarily treated with (C)RT
for cNO oropharyngeal, laryngeal, and hypopharyngeal
SCC.>? The consequence is that 70% of the patients do
not benefit from ENI but may potentially suffer from its
associated permanent long-term side effects that can neg-
atively affect quality of life.>” It is conceivable that SLNB
can also be implemented as a diagnostic procedure in
patients primarily treated with (C)RT for cNO laryngeal
and pharyngeal SCC to individually tailor ENI. This
approach is expected to avoid futile ENI and its associ-
ated morbidity in the majority of patients, aiming to
improve the patients' long-term well-being without
compromising oncologic safety. However, until now, this
concept has only been sparsely explored by radiation
oncologists. First studies on selective ENI guided by SLN
mapping with SPECT/CT (without biopsy of SLNs) dem-
onstrate feasibility of the concept with high gains in tox-
icity and quality of life.""** Based on the results of this
meta-analysis, a randomized controlled trial evaluating
the safety and efficacy of SLNB guided selective ENI in
patients with cNO laryngeal and pharyngeal SCC treated
with (C)RT is planned (PRIMO-trial, clinicaltrials.gov
identifier: NCT05333523).

The quality of included studies was assessed using the
QUADAS-2 tool. Concerns for applicability were rated
high when patient selection or methodological proce-
dures of SLNB significantly diverged from international
consensus guidelines on SLNB in oral cancer.'”'® Note
that these guidelines date from 2019, while the majority
of the studies (14/19) accrued patients before 2010. Sensi-
tivity analysis demonstrated that studies with low con-
cerns for applicability and studies that performed
preoperative SLN localization with planar lymphoscinti-
graphy or SPECT/CT had the most favorable combina-
tion of sensitivity (0.95) and NPV (0.98). Studies that
performed preoperative SLN localization yielded higher
number of SLNs per patient (2.8 vs. 2.3). Preoperative
SLN imaging is highly recommended in current
guidelines.'”'®

Implementation of the SLNB technique in larynx and
pharynx tumors in routine clinical practice faces a num-
ber of challenges. Among these are the logistics for peri-
tumoral tracer injection, interdisciplinary coordination of
procedures, avoiding increased time-to-treatment interval
and paucity of local expertise. Recent development of
transnasal flexible digital video laryngoscopes with a
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working channel now enable that a variety of surgical
procedures can be performed in the outpatient clinic
under topical anesthesia instead of the operating room
under general anesthesia.”>> Among these procedures
are tumor biopsies and peritumoral tracer injection for
SLNB. This approach has been shown to significantly
decrease diagnostic workup time and the risk of general
anesthesia can be avoided.” Two of the included studies
in this meta-analysis performed flexible endoscopic peri-
tumoral tracer injection under topical anesthesia for
laryngeal/hypopharyngeal tumors and demonstrate
excellent sensitivity (>0.93) and NPV (>0.96).>”*" Not
surprisingly, flexible endoscopic peritumoral tracer injec-
tion is increasingly being utilized in ongoing clinical tri-
als  (clinicaltrials.gov ~ identifiers: = NCT02572661,
NCTO03968679, NCT04068636, NCT05333523).

5 | LIMITATIONS

A limitation of this study is a potential risk for bias in
13 of the 19 studies (QUADAS-2). While 17 of the studies
were prospective, only 6 explicitly stated that consecutive
patient cohorts were recruited. For the other 11 studies, it
could not be determined with certainty if there was selec-
tion of patients that underwent SLNB. Three studies
scored high risk for bias because patients were excluded
from analysis.

Another potential source of bias is that 10 papers
(227 cases) that were potentially eligible for inclusion
had to be excluded because insufficient data were avail-
able to create 2x2 contingency tables. Efforts were made
to retrieve missing data by contacting the authors. Only
two responded, but the data were no longer available.
Because these excluded studies comprised mixed patient
cohorts also including oral cavity cancers, it could not be
established if the results in patients with laryngeal and
pharyngeal tumor sites substantially differed from those
included in the current meta-analysis.

6 | CONCLUSIONS

This systematic review and meta-analysis demonstrates
a high sensitivity and NPV of SLNB for the detection of
cervical lymph node metastases in patients with oro-
pharyngeal, laryngeal, and hypopharyngeal SCC, justi-
fying a place in the diagnostic workup. Results from
randomized controlled clinical trials are required to
demonstrate oncologic safety and benefits on treatment
related morbidity and quality of life when omitting
elective neck treatment based on SLNB in these
patients.
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