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Sentinel Lymph Node Biopsy Versus Elective Node Dissection in
Stage cT1-2N0 Oral Cavity Cancer
Matthew I. Saleem, BS

; Travis Peng, BS; Daniel Zhu, BS; Amanda Wong, BS; Lucio M. Pereira, MD;
Tristan Tham, MD

Objective: To compare overall survival (OS) and disease-free survival (DFS) between sentinel lymph node biopsy (SNB)
and elective neck dissection (END) in the surgical management of cT1-2N0 oral cavity squamous cell carcinoma (OCSCC).
Methods: English full-text articles were searched in PubMed and Embase on May 9, 2021. Articles had to compare SNB
with END in cT1-T2N0 OCSCC patients; report hazard ratios (HRs), Kaplan–Meier curves, or P-values with total number of
events for survival outcomes; be from a clinical trial, cohort, or case–control study. Two reviewers reviewed articles and a
third settled disagreements. Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines and the Risk of
Bias in Non-randomized Studies of Interventions tool and revised Cochrane risk-of-bias tool for randomized trials were used.
The generic inverse variance method with a random-effect model was used for meta-analysis.
Results: Ten studies, ﬁve retrospective, three prospective, and two randomized controlled trials, were included (total
number of patients [n] = 10,498, END n = 9102, SNB n = 1396). No signiﬁcant differences were found in OS (HR = 0.92; 95%
conﬁdence interval [CI]: 0.65–1.31) or DFS (HR = 0.70; 95% CI: 0.41–1.20). Heterogeneity was not detected in pooled OS analysis (P = .18; I2 = 30%), but was in pooled DFS analysis (P = .003; I2 = 66%).
Conclusions: No statistically signiﬁcant differences in OS or DFS were observed between SNB and END in cT1-2N0
OCSCC, suggesting that SNB might be an alternative to END in the management of early-stage, clinically node-negative OCSCC.
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INTRODUCTION
Oral cavity squamous cell carcinoma (OCSCC) is the
most common malignant epithelial neoplasm affecting
the oral cavity.1,2 Management of clinically node-negative
(cN0) OCSCC has evolved over time. Elective neck dissection (END) has been shown to be superior to watchful
waiting followed by therapeutic neck dissection for nodal
relapse in terms of survival outcomes.3 Additionally,
END has been shown to decrease risk of death and recurrence even with primary resection of small tumors.4
While END is beneﬁcial in OCSCC, its negative impact
on morbidity has generated interest in a less invasive
procedure.
Sentinel lymph node biopsy (SNB) involves injecting
methylene blue dye and/or a radiotracer to locate and dissect the lymph node that the primary cancer ﬁrst drains
into.5 This technique has been widely used in other
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cancers, and is a justiﬁable alternative to total lymph
node dissection in breast, melanoma, vulval, and penile
cancers.6,7 SNB has some potential advantages over END
in terms of morbidity, particularly in shoulder dysfunction and scar length.8–11 The diagnostic efﬁcacy of SNB
has also been demonstrated in the European SENT trial,
where SNB was shown to be a reliable and safe method
to stage cN0 OCSCC patients.12
The contemporary management of the neck in earlystage OCSCC involves an END. However, the recently
updated National Comprehensive Cancer Network guidelines have been changed to include SNB as an alternative
option.13 Despite this, SNB is an uncommon modality for
neck management, used in approximately 2.9% of stage I
to II OCSCC cases captured by the National Cancer Database between 2012 and 2015.14
Despite proven diagnostic capabilities and improved
morbidity compared with END, there is limited data on
survival outcomes between SNB and END.14–23 Recently
published randomized controlled trials (RCTs) by
Hasegawa et al.18 and Garrel et al.17 found no survival
differences between SNB and END arms. However, concerns have been raised about the a priori sample size
requirements in these noninferiority trials,24,25 and if
these trials were adequately powered. To the best of our
knowledge, there is no meta-analysis pooling the results
of all the aforementioned studies. The objective of this
meta-analysis was to compare overall survival (OS) and
disease-free survival (DFS) between SNB and END in the
surgical management of cT1-2N0 OCSCC, which we
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hypothesized there to be no difference based on the
results of previous RCTs. Here, we present a metaanalysis investigating the survival differences in SNB
versus END in early-stage OCSCC representing a cohort
of over 10,000 patients.

METHODS
Design
Our search was performed in accordance with the Cochrane
Handbook of Diagnostic Test Accuracy26 chapter on searching
and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines to identify,
screen, and describe the protocols were used in this metaanalysis.27 We sought to answer the research question using
population, intervention, comparison, outcomes, and study
design guidelines. Patients with cT1-2N0 OCSCC, does SNB,
compared with END, have inferior OS and DFS outcomes based
on a meta-analysis.28 Prior to starting the search, we prospectively registered in an online systematic review database
(the international prospective register of systematic reviews
[PROSPERO] ID: 252874).29 Approval from the Northwell
Health institutional review board was not required because this
study was a meta-analysis.

Supporting Table 2. A total of 10 studies were included in the
quantitative analysis.

Quality Assessment
Two authors (M.S., T.P.) graded the risk of bias of included
articles using the Risk Of Bias In Non-randomized Studies of
Interventions (ROBINS-I) tool for nonrandomized studies31
and the revised Cochrane risk-of-bias tool for randomized trials
(RoB 2).32 Disagreements in scoring were reconciled by a third
author (T.T.). ROBINS-I is based on seven domains: study confounding, selection of participants, classiﬁcation of interventions,
deviations from interventions, missing data, measurement of
outcomes, and selection of reported results. Each domain contains between three and eight signaling questions, which are
used to generate a score of low, moderate, serious, or critical risk
of bias for each domain. RoB 2 is based on ﬁve domains: randomization, deviations from interventions, missing data, measurement of outcomes, and selection of reported results. Each domain
contains between three and seven signaling questions, which are
used to generate a score of low, some concerns, or high risk of
bias for each domain. A breakdown of the scoring criteria and
subdomains for each study is included in Table I.

Data Extraction
Search Strategy
On May 9, 2021, we searched PubMed (via the web) and
Embase with no constraint on publication dates. We limited the
search to articles written in English. Keywords used in our search included variations of the following: “mouth neoplasms,”
“neck dissection,” and “sentinel lymph node biopsy.” The complete search strategy can be found in Supporting Table 1 in the
online version of this article.

Article Selection

Two authors (M.S., T.P.) reviewed the 10 studies included in
the extraction process and a third author (T.T.) resolved disagreements. Data collected include: ﬁrst author’s name, year of publication, country of study, dye used in SNB, total patient number,
gender fraction, average age, average follow-up, oral cavity
tumor subsites, survival data, HR of OS and DFS with associated
95% conﬁdence interval (95% CI), and P value.
In all but one paper, Cramer et al., which directly reported
the HR and 95% CI for OS, the HR was obtained by extracting
data from published Kaplan–Meier curves.14 Each Kaplan–Meier
curve was reconstructed using the DigitizeIt software (http://
www.digitizeit.de/), and the data points generated were subsequently used to calculate the HR using previously published
methods.33,34 For the study by Park et al.,22 data from 2007
onward were used because only then did the institution perform
SNB alone versus END for cN0 neck management. Garrel
et al.17 reported both neck node recurrence-free survival and
locoregional recurrence-free survival Kaplan–Meier curves,17 so
the locoregional recurrence-free survival was incorporated into
the DFS analysis.

Articles were selected by two independent authors (M.S., T.P.)
in two phases: title and abstract screening and full-text screening.
In the title and abstract screening, inclusion criteria included any
study that directly compared SNB with END survival outcomes in
OCSCC, either in the title or the abstract. If the content of the
abstract was unclear, we included the study for full-text review.
Articles that passed the title and abstract screening were selected
for full-text screening.
In the full-text screening phase, we screened complete articles based on our inclusion and exclusion criteria. Full-text disagreements were resolved with a third reviewer (T.T.). Inclusion
criteria consisted of 1) direct comparison of survival outcomes
using SNB versus END in OCSCC, 2) reports HR for survival
outcomes, Kaplan–Meier curve, or P-value with total number of
events; 3) full-text journal article, 4) English language article,
and 5) clinical trial, cohort, or case control. Exclusion criteria
were 1) case report, letters, conference preceding, reviews, and
meta-analyses; 2) nonoral cancers, 3) animal studies, 4) laboratory studies, and 5) duplicate data or literature.
The PRISMA ﬂowchart of this meta-analysis can be found
in Figure 1.27 Our initial database search using the search strategy (see Supporting Table 1) obtained 831 results. All these
results, and one hand searched article,23 were imported into a
systematic review manager, Covidence.30 Deduplication of articles through Covidence and by hand reduced the results to 566.
All 566 articles underwent the ﬁrst phase of screening, further
reducing the number of results to 68. The second phase of screening resulted in exclusion of 58 articles, with reasons provided in

Analyses were completed using RevMan 5.4 analysis software (Cochrane Collaboration, Copenhagen, Denmark).26 The
primary statistic used was the logarithm of the HR with standard error (SE). The HR for OS or DFS with 95% CI was
extracted from each study and used to obtain the log(HR) and
SE. Estimates of the log(HR) were weighted and pooled using
the generic inverse variance.26 The random-effect model
(DerSimonian and Laird method) was chosen due to expected
heterogeneity. Forest plots were generated to display the
random-effect model with summary effect measure and 95%
CI. Heterogeneity was assessed using Cochran’s Q and Higgins’
I2 measurements. A Cochrane’s Q P value of <.1 and a Higgins’
I2 > 40% were benchmarks for signiﬁcant heterogeneity. A subgroup analysis was conducted on the basis of study type, separating studies as RCT, retrospective, and prospective studies. All
statistical tests were two-sided, and a P value <.05 was deemed
statistically signiﬁcant.
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Statistical Analysis

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses ﬂowchart. [Color ﬁgure can be viewed in the online issue, which is
available at www.laryngoscope.com.]

Publication Bias

ROBINS-I was used for nonrandomized studies
and RoB 2 was used for randomized studies in this

meta-analysis. The analysis of the nonrandomized studies across the previously mentioned domains demonstrates moderate risk of bias with regard to
confounding, selection of participants, and classiﬁcation
of interventions. Deviations from interventions, missing
data, measurement of outcomes, and selection of results
were all low risk. The analysis of the randomized studies demonstrated low risk for all ﬁve domains including
randomization, deviations from interventions, missing
data, measurements of outcomes, and selection of
results. Table I shows the grading of each individual
study.
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Publication bias was assessed using Begg’s funnel plot and
Egger’s bias indicator test. We used Meta-Essentials to test publication bias (Erasmus Research Institute, Rotterdam, the
Netherlands).35

RESULTS
Quality Assessment
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Table I.
ROBINS-I and RoB 2 Risk of Bias Assessment.
ROBINS-I Domains of Bias
Study
Cramer et al.

Selection of
Participants

Confounding

Classiﬁcation of
Interventions

Deviations from
Interventions

Missing
Data

Measurement of
Outcomes

Selection of
Results

Low

Low

Low

Low

Low

Low

Low

Moderate

Moderate

Moderate

Low

Low

Low

Low

Fan et al.

Low

Serious

Low

Low

Low

Low

Low

Hernando
et al.

Moderate

Low

Low

Low

Low

Low

Low

den Toom
et al.

Hiraki et al.

Moderate

Moderate

Low

Low

Low

Low

Low

Moya-Plana
et al.

Moderate

Moderate

Low

Low

Low

Low

Low

Serious

Moderate

Moderate

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Park et al.
Seferin et al.

RoB 2 Domains of Bias
Study

Randomization

Deviations from Interventions

Missing Data

Measurement of Outcomes

Selection of Results

Garrel et al.

Low

Low

Low

Low

Low

Hasegawa et al.

Low

Low

Low

Low

Low

There were ﬁve retrospective studies included in the
analysis,14–16,20,22 which all have an inherent risk of bias
in selection of participants based on methods for exclusion of patients.

Study Characteristics
There were 10 studies included in our analysis, published between 2014 and 2021, with sample sizes ranging
from 70 to 8328 patients diagnosed with cT1-T2N0

OCSCC.14–23 The total cohort contained 10,498 patients
with 1,396 in the SNB group and 9,102 in the END group.
Study characteristics are summarized in Table II. The
majority of these patients were provided through the
Cramer et al. study, which had a cohort of 8,328 patients.
There were two studies from France, two from Japan, one
from the USA, one from Spain, one from China, one from
the Netherlands, one from South Korea, and one from
Brazil. Five of the studies were retrospective, three were
prospective, and two were RCTs. All but Cramer et al.

Table II.
Survival Statistics for Individual Studies.
Country

Study
Design

Outcomes

Overall Survival HR
(95% CI)

2018

USA

RCS

2020

Netherlands

RCS

Not speciﬁed

OS

1.08 (0.85, 1.37)

Not speciﬁed

99mTc-nanocolloid

DFS, DSS

Not speciﬁed

0.68 (0.27, 1.66)*

Fan et al.16

2014

China

RCS

99mTc-phyate

OS, DFS

1.96 (0.66, 5.81)

4.86 (0.00, 5.678E158)†
2.34 (0.42, 13.14)

Garrel et al.17

2020

France

RCT

99mTc radiotracer

OS, DFS,
DSS

1.05 (0.60, 1.85)

0.92 (0.52, 1.60)

Hasegawa
et al.18

2021

Japan

RCT

99mTc-phyate

OS, DFS

0.95 (0.26, 3.49)

0.96 (0.49, 1.86)

Hernando
et al.19

2016

Spain

PCS

99mTc (Nanocoll/Nanocois)

OS, DFS

1.42 (0.32, 6.41)

1.73 (0.32, 9.32)

Hiraki et al.20
Moya-Plana
et al.21

2016

Japan

RCS

99mTc-phyate

OS

1.46 (0.12, 17.96)

Not speciﬁed

2018

France

PCS

99mTc-labeled rhenium sulfur
colloid

OS, DFS

0.34 (0.17, 0.69)

0.47 (0.19, 1.16)

Park et al.22

2020

South
Korea

RCS

99mTc-tin colloid (Amerscan,
Heptate II)

OS, DFS

4954.24 (0.00,
4.645E175)

0.28 (0.19, 0.40)

Seferin et al.23

2018

Brazil

PCS

99mTc-Dextran-70

OS, DFS

0.68 (0.19, 2.48)

0.67 (0.09, 5.32)

Source

Year

Cramer et al.14
den Toom
et al.15

Radiotracer for SNB

Disease-Free Survival HR
(95% CI)

CI = conﬁdence interval; DFS = disease-free survival; DSS = disease speciﬁc survival; HR = hazard ratio; OS = overall survival; PCS = prospective cohort
study; RCS = retrospective cohort study; RCT = randomized controlled trial; SNB = sentinel lymph node biopsy.
*HR speciﬁc to pT1 tumors in the study.
†
HR speciﬁc to pT2 tumors in the study.
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134

32

47

170

84

35

Hasegawa
et al.

Hernando et al.

Hiraki et al.

Moya-Plana
et al.

Park et al.

Seferin et al.

68.6

64.8

66.3*

61.7

71.9

66.4

62.8

70

51

55.4

%
Male

Mean
(61.9)

Mean
(51.27)

Median
(56)*

Mean
(65.5)

Mean
(65.8)

Median
(63)

Mean
(60.8)

Mean (48)

Median
(63)

NS

Age (yr)

Mean (28.9)

Mean (58.9)

Median
(62.4)

Mean (38.5)

Mean (48.2)*

Median (37)

Mean (56.9)

NS

Median
(26.4)

Median
(35.4)*

Followup (mo)

9

0

NS

3

9

13

NS

0

131

33

FOM

0

0

NS

12

3

7

NS

2

0

NS

3

2

5

NS

0

24

84

NS

29

14

109

NS

30

302

34‡

21§
0

134

14

TG

0

0

NS

0

0

0

NS

0

21§

2

HP

Tumor Subsite
BM

12

AR

0

0

NS

0

0

0

NS

0

34‡

10

RMT

0

0

NS

0

4

0

NS

0

21§

35

Lip

35

102

45

78

41

137

139
(15)†

52

385

8088

Total
No.

80

58.3

66.3*

70.5

68.3

65.7

72.7

57.7

54

58.7

%
Male

Mean
(59.8)

Mean
(54.52)

Median
(56)*

Mean
(65.4)

Mean
(66.7)

Median
(63)

Mean
(59.1)

Mean (52)

Median
(62)

NS

Age (yr)
Median
(35.4)*

Followup (mo)

NS

Mean (22.5)

Mean (38.2)

Median
(111.6)

Mean (46.6)

Mean (48.2)*

Median (37)

Mean (59.4)

6

0

NS

3

9

14

NS

0

133

1274

FOM

END Group

Median (54)

AR = alveolar ridge; BM = buccal mucosa; FOM = ﬂoor of mouth; HP = hard palate; NS = not speciﬁed; RMT = retromolar trigone; TG = tongue.
*
Values are averaged from all patients in both SNB and END groups of the study.
†
Thirty-ﬁve patients with oropharyngeal cancers included in the cohort for this study.
‡
Sum of multiple subsite locations.
§
Sum of multiple subsite locations.

30

140
(20)†

Garrel et al.

484

den Toom
et al.

Fan et al.

240

Cramer et al.

Source

Total
No.

SNB Group

Table III.
Patient Characteristics for SNB and END Groups.

0

0

NS

20

2

6

NS

0

26§

618

AR

1

0

NS

5

4

3

NS

0

35‡

557

11

102

NS

50

18

114

NS

52

196

4839

TG

HP

1

0

NS

0

3

0

NS

0

26§

116

Tumor Subsite
BM

7

0

NS

0

1

0

NS

0

35‡

502

RMT

9

0

NS

0

4

0

NS

0

26§

182

Lip

Fig. 2. SNB versus END OS and DFS in OCSCC. A, Forest plot meta-analysis of OS HR between SNB and END (reference) in OCSCC. B, Forest plot meta-analysis of DFS HR between SNB and END (reference) in OCSCC. Included studies are represented by last name of the ﬁrst
author with year of publication and the HR and 95% CI for each study. The combined effect (according to random-effect estimations) is
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described the radiotracer used in their SNB group.14 Nine
studies reported OS, either directly or with a Kaplan–
Meier curve. Eight studies reported DFS using a Kaplan–
Meier curve. All studies separated an SNB only group
and an END group, except Moya-Plana et al. which contained an END group that also received SNB.21 Patient
characteristics for each group in all included studies can
be found in Table III.

OS and DFS
The HRs of the individual studies are shown in
Table II. Nine studies were used for meta-analysis of OS
of SNB versus END in OCSCC (Fig 2A). There was no
statistically signiﬁcant difference in OS between SNB
and END (HR = 0.92; 95% CI 0.65–1.31; P = .66). There
was no heterogeneity detected (I2 = 30%; P = .18).
Begg’s funnel plot (Fig 3A) and Egger’s test
(P = .803) demonstrate no evidence of publication bias in
OS calculation.
Eight studies were included for meta-analysis of
DFS of SNB versus END in OCSCC (Fig 2B). Notably,
den Toom et al. were included twice because the data
were stratiﬁed by tumor size, and as a result, both pT1
and pT2 data were included in pooled DFS analysis.15
The DFS of SNB was found to not be signiﬁcantly different than that of END (HR = 0.70; 95% CI 0.41–1.20;
P = .19). There was signiﬁcant heterogeneity detected
(I2 = 66%; P = .003). There was no signiﬁcant heterogeneity when Park et al. was excluded from pooled DFS analysis (I2 = 0%, P = .76).
Begg’s funnel plot (Fig 3B) and Egger’s test
(P = .143) demonstrate no evidence of publication bias in
DFS calculation.
A sensitivity analysis was performed by removing a
single study from the meta-analysis for OS and DFS to
determine the inﬂuence of each study’s data set on the
pooled HR. The analysis demonstrated that removing any
one study did not make the HRs for OS (see Supporting
Table 3) or DFS (see Supporting Table 4) statistically
signiﬁcant.

Subgroup Analysis
A subgroup analysis was performed based on study
type for both OS and DFS meta-analyses. The studies were
stratiﬁed as retrospective, prospective, and RCT studies.
The subgroup analysis for OS revealed no signiﬁcant heterogeneity in or between groups (I2 = 24.2%; P = .27) and
supported the overall effect that the HR between SNB and
END was not signiﬁcant (Fig 2A). The subgroup analysis
for DFS demonstrated no heterogeneity between groups
(I2 = 0%; P = .52); however, there was signiﬁcant heterogeneity in the retrospective subgroup in the DFS analysis
(I2 = 63%; P = .04) (Fig 2B). All subgroup analysis for DFS

also supported the overall effect that HR between SNB and
END was not signiﬁcant.

DISCUSSION
Based on the results of this study, SNB did not have
worse survival outcomes compared with END in the management of cT1-2N0 OCSCC patients in terms of OS and
DFS (Fig 2). While Moya-Plana et al. found SNB to be
safer than END in terms of OS, all other studies in our
analysis found no signiﬁcant difference in OS (Table II).21
The two studies with the greatest weights in OS
analysis,14,17 one of which also was a retrospective study
with the largest sample size,14 both supported the conclusion that there was no signiﬁcant difference in OS
between the treatments. There was no signiﬁcant heterogeneity between studies in pooled OS analysis, and the
subgroup analysis for OS across the different types of
studies found no signiﬁcant heterogeneity between the
retrospective studies, prospective studies, and RCTs
(Fig 2A). This suggested little variability in the results of
the studies, regardless of the quality of the study design,
further supporting the notion that SNB did not have
worse survival outcomes than END.
The pooled DFS analysis demonstrated that SNB
did not have worse DFS than END (Fig 2B). Similarly, all
the studies in our DFS analysis found no signiﬁcant differences in DFS except Park et al. This study held the
greatest weight in the DFS analysis and found that SNB
was safer than END (Table II).22 This result is dubious
because by the 10-year time point, all patients in the
END group either died or were censored, leading to a low
HR calculated. In pooled DFS analysis, there was signiﬁcant heterogeneity (Fig 2B). However, upon subgroup
analysis, Park et al. were found to contribute to the
increased heterogeneity in the pooled DFS calculation as
the heterogeneity including Park et al. (I2 = 66%;
P = .003) was much higher than excluding it (I2 = 0%,
P = .76). A subgroup analysis for DFS found no subgroup
differences between the retrospective studies, prospective,
and RCTs.
In breast cancer, SNB has become the recommended
management in women without metastasis.6 Several
studies have also demonstrated its feasibility in head and
neck cancers,36-38 exhibiting a sensitivity of 92% compared with the gold standard of neck dissection.39 Despite
these advantages, SNB has unique drawbacks in OCSCC.
Most notably, the shine through effect, which describes
how sentinel nodes that are close to the tracer site of
injection can be indiscriminate from the bright injection
location, resulting in missed nodes.40 This is particularly
evident in ﬂoor-of-mouth (FOM) OCSCC, resulting in
lower sensitivity and negative predictive value (NPV) of
SNB in FOM tumors (sensitivity 63%, NPV 90%) compared with other oral cavity tumors (sensitivity 86%,

displayed as an HR with 95% CI in bold. For subgroup analysis, studies are separated as retrospective, prospective, and RCT.
CI = conﬁdence interval; DFS = disease-free survival; END = elective neck dissection; HR = hazard ratio; OCSCC = oral cavity squamous
cell carcinoma; OS = overall survival; RCT = randomized controlled trial; SNB = sentinel lymph node biopsy. [Color ﬁgure can be viewed in
the online issue, which is available at www.laryngoscope.com.]

Laryngoscope 00: 2021

Saleem et al.: Sentinel Biopsy and Node Dissection Survival

7

Laryngoscope 00: 2021

8

Saleem et al.: Sentinel Biopsy and Node Dissection Survival

Standard error

–2.00

Effect Size
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2.00

4.00

Combined Effect Size Adjusted CES Inputed Data Points

–4.00

1.40
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1.20
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0.80

0.60

0.40

0.20

–4.00
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–2.00

Effect Size
–1.00 0.00
1.00
2.00

3.00

Combined Effect Size Adjusted CES Inputed Data Points

–3.00

Fig. 3. Funnel plots for OS and DFS of SNB versus END in OCSCC. A, Funnel plot of the studies included in OS meta-analysis. Park et al. were excluded from graphical report because they
represented 0.0% weight in pooled analysis. B, Funnel plot of the studies included in DFS meta-analysis. Den Toom pT2 et al. were excluded from graphical report because they represented 0.0% weight in pooled analysis. DFS = disease-free survival; END = elective neck dissection; OCSCC = oral cavity squamous cell carcinoma; OS = overall survival; SNB = sentinel
lymph node biopsy. [Color ﬁgure can be viewed in the online issue, which is available at www.laryngoscope.com.]

1.80
Studies

1.60

1.40

1.20

1.00

0.80
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NPV 95%).40 Our study contained 1,637 FOM tumors in
our cohort of 10,498, representing 15.6% of the tumors.
Complex lymphatic drainage can also impair SNB effectiveness, although radiotracer use minimizes this
issue.39-41 An additional drawback includes the variability of dyes used in SNB across institutions. While methylene blue is cheaper, when used alone, it has higher false
negative rates than the radiotracer in breast cancer studies.42,43 All studies included in our study that reported
the dye used for SNB used a 99 m-Tc-based radiotracer
leading to higher sensitivity. Recent developments in
indocyanine green guided SNB suggest it is superior to
methylene blue, and when used in conjunction with a
technetium-based radiotracer, can demonstrate superior
sentinel node mapping.44 Further research on novel
ﬂuorophores will help to optimize SNB in oral cancer and
reduce variability between institutions.
There were two caveats within our analysis. The ﬁrst
is the inclusion of Moya-Plana et al. because the neck dissection group within the study also received SNB.21 The
use of both procedures in the control group can partly
explain the low HR in OS and DFS for this study; however, the sensitivity analysis excluding the study did not
change the conclusion of our meta-analysis for OS or DFS.
The second caveat is that the study by Garrel et al. also
included patients with oropharyngeal cancer along with
OCSCC, although they made up a small proportion of the
cohort.17 As oropharyngeal cancers, especially those that
are human papillomavirus positive, have favorable
prognosis,45 including this study had potential to skew the
OS calculated for the meta-analysis. However, the sensitivity analysis excluding this study demonstrated no
change in the ﬁnal OS (see Supporting Table 3).
There were also several limitations to our study. The
ﬁrst limitation is that while some included studies
reported the tumor subsites, survival data stratiﬁed by
subsites was not available in all studies except den Toom
et al.15 Another limitation is the heterogenous study
designs, speciﬁcally regarding the variations in follow-up
frequency. The lack of comorbidity information such as
smoking, alcohol use, or dental issues is also a limitation,
because they were not reported in enough studies to elucidate their effects on survival outcomes between SNB and
END. In the same vein, a parity of prognostic factor information such as p16 and marginal status is also a
limitation.
Advantages of our study include the diversity of
countries represented in our analysis. A total of eight different countries are represented in this meta-analysis.
Additionally, the large sample size of 10,498 patients provides support for our conclusion. Findings between the
majority of the studies are in consensus regarding no differences in OS and DFS between SNB and END. Our sensitivity analysis was negative, so no single study in our
analysis was biasing the ﬁnal conclusion. The funnel plot
and Egger’s test both suggest no publication bias, which
further supports our study. There was low heterogeneity
in our pooled OS analysis (Fig 2A). Lastly, we included
two level 1 evidence RCT studies in our analysis.17,18
The recent large-scale phase II/III clinical trial NRGHN006 has been initiated which will primarily compare
Laryngoscope 00: 2021

DFS and quality of life between SNB and END as part of
the treatment for early stage OCSCC.46 They will use the
Neck Dissection Impairment Index, a validated instrument for assessing neck dissection impairment, to compare
quality of life between treatment arms.47 Patient-reported
outcomes will also be explored using the European Quality
of Life Five Dimension Five Level Scale Questionnaire
(EQ-5D-5L). While two robust RCTs were included in our
analysis that also looked extensively into shoulder morbidity and quality of life,17,18 more studies such as the aforementioned clinical trial with larger sample sizes are
needed to provide stronger evidence for SNB to be considered as a viable alternative to END for OCSCC.

CONCLUSION

To the best of our knowledge, this is the ﬁrst metaanalysis comparing survival outcomes between SNB and
END in the treatment of cT1-2N0 OCSCC. The ﬁndings
of this study demonstrate that there are no signiﬁcant
differences between treatment arms in endpoint OS
and DFS.

Author Contributions
M.I.S.: Concept and design; acquisition, analysis,
interpretation of data; drafting of manuscript; critical
revision of manuscript; administrative, technical, or
material support. T.P.: Concept and design; acquisition,
analysis, interpretation of data; critical revision of manuscript; administrative, technical, or material support. D.Z.:
Concept and design; drafting of manuscript; critical revision of manuscript; administrative, technical, or material
support. A.W.: Concept and design; drafting of manuscript;
critical revision of manuscript; administrative, technical,
or material support. L.M.P.: Concept and design; critical
revision of manuscript. T.T.: Concept and design; critical
revision of manuscript; administrative, technical, or
material support; study supervision.

BIBLIOGRAPHY
1. Markopoulos AK. Current aspects on Oral squamous cell carcinoma.
TODENTJ
2012;6:126–130.
https://doi.org/10.2174/
1874210601206010126.
2. Feller L, Lemmer J. Oral squamous cell carcinoma: epidemiology, clinical
presentation and treatment. JCT 2012;03:263–268. https://doi.org/10.
4236/jct.2012.34037.
3. D’Cruz AK, Vaish R, Kapre N, et al. Elective versus therapeutic neck dissection in node-negative Oral cancer. N Engl J Med 2015;373:521–529.
https://doi.org/10.1056/NEJMoa1506007.
4. Hutchison IL, Ridout F, Cheung SMY, et al. Nationwide randomised trial
evaluating elective neck dissection for early stage oral cancer (SEND
study) with meta-analysis and concurrent real-world cohort. Br J Cancer
2019;121:827–836. https://doi.org/10.1038/s41416-019-0587-2.
5. Keski-Säntti H, Kontio R, Törnwall J, et al. Sentinel lymph node biopsy or
elective neck dissection for patients with oral squamous cell carcinoma?
Eur Arch Otorhinolaryngol 2008;265:13–17. https://doi.org/10.1007/
s00405-007-0465-z.
6. Glechner A, Wöckel A, Gartlehner G, et al. Sentinel lymph node dissection only versus complete axillary lymph node dissection in early invasive breast cancer: a systematic review and meta-analysis. Eur J Cancer
2013;49:812–825. https://doi.org/10.1016/j.ejca.2012.09.010.
7. Nieweg OE, Uren RF, Thompson JF. The history of sentinel lymph node
biopsy.
Cancer
J
2015;21:3–6.
https://doi.org/10.1097/PPO.
0000000000000091.
8. Kowalski LP, Sanabria A. Elective neck dissection in oral carcinoma: a critical review of the evidence. Acta Otorhinolaryngol Ital 2007;27:113–117.

Saleem et al.: Sentinel Biopsy and Node Dissection Survival

9

9. Murer K, Huber GF, Haile SR, Stoeckli SJ. Comparison of morbidity
between sentinel node biopsy and elective neck dissection for treatment of
the n0 neck in patients with oral squamous cell carcinoma. Head Neck
2011;33:1260–1264. https://doi.org/10.1002/hed.21622.
10. Schiefke F, Akdemir M, Weber A, Akdemir D, Singer S, Frerich B. Function,
postoperative morbidity, and quality of life after cervical sentinel node
biopsy and after selective neck dissection. Head Neck 2009;31:503–512.
https://doi.org/10.1002/hed.21001.

11. Hernando J, Villarreal P, Alvarez-Marcos
F, Gallego L, GarcíaConsuegra L, Junquera L. Comparison of related complications: sentinel
node biopsy versus elective neck dissection. Int J Oral Maxillofac Surg
2014;43:1307–1312. https://doi.org/10.1016/j.ijom.2014.07.016.
12. Schilling C, Stoeckli SJ, Haerle SK, et al. Sentinel European node trial
(SENT): 3-year results of sentinel node biopsy in oral cancer. Eur J Cancer 2015;51:2777–2784. https://doi.org/10.1016/j.ejca.2015.08.023.
13. National Comprehensive Cancer Network. Head and Neck Cancer. (Version
3.2021). Available at: https://www.nccn.org/professionals/physician_gls/
pdf/head-and-neck.pdf. Accessed July 22, 2021.
14. Cramer JD, Sridharan S, Ferris RL, Duvvuri U, Samant S. Sentinel lymph
node biopsy versus elective neck dissection for stage I to II Oral cavity
cancer: sentinel lymph node biopsy for Oral cancer. Laryngoscope 2019;
129:162–169. https://doi.org/10.1002/lary.27323.
15. den Toom IJ, Boeve K, Lobeek D, et al. Elective neck dissection or sentinel
lymph node biopsy in early stage Oral cavity cancer patients: the Dutch
experience. Cancer 2020;12:1783. https://doi.org/10.3390/cancers12071783.
16. Fan S-F, Zeng Z-Y, Peng H-W, Guo Z-M, Wang S-L, Zhang Q. Sentinel lymph
node biopsy versus elective neck dissection in patients with cT1-2N0 oral
tongue squamous cell carcinoma. Oral Surg Oral Med Oral Pathol Oral
Radiol 2014;117:186–190. https://doi.org/10.1016/j.oooo.2013.09.012.
17. Garrel R, Poissonnet G, Moyà Plana A, et al. Equivalence randomized trial
to compare treatment on the basis of sentinel node biopsy versus neck
node dissection in operable T1-T2N0 oral and oropharyngeal cancer.
J Clin Oncol 2020;38:4010–4018. https://doi.org/10.1200/JCO.20.01661.
18. Hasegawa Y, Tsukahara K, Yoshimoto S, et al. Neck dissections based on
sentinel lymph node navigation versus elective neck dissections in early
oral cancers: a randomized, multicenter, and noninferiority trial. J Clin
Oncol 2021;39:2025–2036. https://doi.org/10.1200/JCO.20.03637.

19. Hernando J, Villarreal P, Alvarez-Marcos
F, García-Consuegra L,
Gallego L, Junquera L. Sentinel node biopsy versus elective neck dissection. Which is more cost-effective? A prospective observational study.
J Craniomaxillofac Surg 2016;44:550–556. https://doi.org/10.1016/j.jcms.
2016.01.017.
20. Hiraki A, Fukuma D, Nagata M, et al. Sentinel lymph node biopsy reduces
the incidence of secondary neck metastasis in patients with oral squamous cell carcinoma. Mol Clin Oncol 2016;5:57–60. https://doi.org/10.3892/
mco.2016.882.
21. Moya-Plana A, Aupérin A, Guerlain J, et al. Sentinel node biopsy in early
oral squamous cell carcinomas: long-term follow-up and nodal failure
analysis.
Oral
Oncol
2018;82:187–194.
https://doi.org/10.1016/j.
oraloncology.2018.05.021.
22. Park W, Jin H, Heo Y, et al. Sentinel lymph node biopsy versus elective neck
dissection: long-term oncologic outcomes in clinically node-negative tongue
cancer. OHNS 2020;6:1–9. https://doi.org/10.24966/OHNS-010X/100047.
23. Seferin MR, Pinto FR, Lin CS, et al. Sentinel lymph node biopsy in early
oral cavity tumors: evaluation of the oncologic efﬁcacy compared to elective neck dissection. Arch Head Neck Surg 2018;47:1–14. https://doi.org/
10.4322/ahns.2018.0876.
24. Chakrabarti D, Akhtar N, Rajan S, et al. What is the acceptable noninferiority limit for nodal recurrences when ascertaining sentinel lymph
node biopsy as an alternative to neck dissection for early oral and oropharyngeal cancers? JCO. 2021;39:1599–1600. https://doi.org/10.1200/JCO.20.
03439.
25. Lai SY, Ferris RL. Evolving evidence in support of sentinel lymph node
biopsy for early-stage oral cavity cancer. J Clin Oncol 2020;38:3983–3986.
https://doi.org/10.1200/JCO.20.02716.
26. Macaskill P, Gatsonis C, Deeks JJ, Harbord RM, Takwoingi Y. Analysing
and presenting results. In: Deeks JJ, Bossuyt PM, Gatsonis C, eds.
Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy.
Version 1.0. The Cochrane Collaboration. London: The Cochrane Collaboration; 2010 Available at: http://srdta.cochrane.org. Accessed July
6, 2021.
27. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA

Laryngoscope 00: 2021

10

28.

29.

30.
31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

statement. PLoS Med 2009;6:e1000097. https://doi.org/10.1371/journal.
pmed.1000097.
Methley AM, Campbell S, Chew-Graham C, McNally R, Cheraghi-Sohi S.
PICO, PICOS and SPIDER: a comparison study of speciﬁcity and sensitivity in three search tools for qualitative systematic reviews. BMC Health
Serv Res 2014;14:579. https://doi.org/10.1186/s12913-014-0579-0.
Saleem MI, Zhu D, Wong A, Peng T, Tham T. Sentinel lymph node biopsy
versus elective neck dissection in Oral cancer: a systematic review and
meta-analysis. Prospero 2021;CRD42021252874 Available at: https://
www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021252874.
Covidence. Veritas Health Innovation. 2013. Available at: www.covidence.
org. Accessed May 9, 2021
Sterne JA, Hern
an MA, Reeves BC, et al. ROBINS-I: a tool for assessing
risk of bias in non-randomised studies of interventions. BMJ 2016;355:
i4919. https://doi.org/10.1136/bmj.i4919.
Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BMJ 2019;366:l4898. https://doi.org/10.
1136/bmj.l4898.
Wei Y, Royston P. Reconstructing time-to-event data from published
Kaplan-Meier curves. Stata J 2017;17:786–802.
Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods
for incorporating summary time-to-event data into meta-analysis. Trials
2007;8:16. https://doi.org/10.1186/1745-6215-8-16.
Suurmond R, van Rhee H, Hak T. Introduction, comparison, and validation
of meta-essentials: a free and simple tool for meta-analysis. Res Syn Meth
2017;8:537–553. https://doi.org/10.1002/jrsm.1260.
Alex JC, Sasaki CT, Krag DN, Wenig B, Pyle PB. Sentinel lymph node
Radiolocalization in head and neck squamous cell carcinoma: sentinel
lymph node Radiolocalization in head and neck squamous cell carcinoma.
Laryngoscope
2000;110:198–198.
https://doi.org/10.1097/00005537200002010-00003.
Stoeckli SJ, Steinert H, Pfaltz M, Schmid S. Sentinel lymph node evaluation in squamous cell carcinoma of the head and neck. Otolaryngol
Head Neck Surg 2001;125:221–226. https://doi.org/10.1067/mhn.2001.
118074.
Pitman KT, Johnson JT, Brown ML, Myers EN. Sentinel lymph node biopsy
in head and neck squamous cell carcinoma. Laryngoscope 2002;112:2101–
2113. https://doi.org/10.1097/00005537-200212000-00001.
Yang Y, Zhou J, Wu H. Diagnostic value of sentinel lymph node biopsy for
cT1/T2N0 tongue squamous cell carcinoma: a meta-analysis. Eur Arch
Otorhinolaryngol 2017;274:3843–3852. https://doi.org/10.1007/s00405-0174740-3.
Mahieu R, de Maar JS, Nieuwenhuis ER, et al. New developments in imaging for sentinel lymph node biopsy in early-stage Oral cavity squamous
cell
carcinoma.
Cancer
2020;12:3055.
https://doi.org/10.3390/
cancers12103055.
Sundaram PS, Subramanyam P. Effectiveness of sentinel lymph node scintigraphy and intraoperative gamma probing with gold standard elective
neck dissection in patients with N0 oral squamous cell cancers. Nucl Med
Commun
2019;40:1138–1147.
https://doi.org/10.1097/MNM.
0000000000001090.
Mansel RE, Fallowﬁeld L, Kissin M, et al. Randomized multicenter trial of
sentinel node biopsy versus standard axillary treatment in operable
breast cancer: the ALMANAC trial. J Natl Cancer Inst 2006;98:599–609.
https://doi.org/10.1093/jnci/djj158.
Krag DN, Anderson SJ, Julian TB, et al. Technical outcomes of sentinellymph-node resection and conventional axillary-lymph-node dissection in
patients with clinically node-negative breast cancer: results from the
NSABP B-32 randomised phase III trial. Lancet Oncol 2007;8:881–888.
https://doi.org/10.1016/S1470-2045(07)70278-4.
Kim J-H, Ku M, Yang J, Byeon HK. Recent developments of ICG-guided
sentinel lymph node mapping in oral cancer. Diagnostics 2021;11:891.
https://doi.org/10.3390/diagnostics11050891.
You EL, Henry M, Zeitouni AG. Human papillomavirus–associated oropharyngeal cancer: review of current evidence and management. Curr Oncol
2019;26:119–123. https://doi.org/10.3747/co.26.4819.
NRG Oncology. Randomized Phase II/III Trial of Sentinel Lymph Node
Biopsy Versus Elective Neck Dissection for Early-Stage Oral Cavity Cancer. 2021. Available at: https://clinicaltrials.gov/ct2/show/NCT04333537.
Accessed July 21, 2021.
Taylor RJ, Chepeha JC, Teknos TN, et al. Development and validation of
the neck dissection impairment index: a quality of life measure. Arch
Otolaryngol Head Neck Surg 2002;128:44. https://doi.org/10.1001/archotol.
128.1.44.

Saleem et al.: Sentinel Biopsy and Node Dissection Survival

