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ABSTRACT
Background. Sentinel node biopsy (SNB) may represent
an alternative to elective neck dissection for the staging of
patients with early head and neck squamous cell carcinoma
(HNSCC). To date, the technique has been successfully
described in a number of small single-institution studies.
This report describes the long-term follow-up of a large
European multicenter trial evaluating the accuracy of the
technique.
Methods. A total of 227 SNB procedures were carried out
across 6 centers, of which 134 were performed in clinically
T1/2 N0 patients. All patients underwent SNB with preoperative lymphoscintigraphy, intraoperative blue dye, and
handheld gamma probe. Sentinel nodes were evaluated
with hematoxylin and eosin (H&E) staining, step-serial
sectioning (SSS), and immunohistochemistry (IHC). There
were 79 patients who underwent SNB as the sole staging
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tool, while 55 patients underwent SNB-assisted elective
neck dissection.
Results. Sentinel nodes were successfully identified in 125
of 134 patients (93%), with a lower success rate observed
for floor-of-mouth tumors (FoM; 88% vs. 96%, P =
0.138). Also, 42 patients were upstaged (34%); of these, 10
patients harbored only micrometastatic disease. At a minimum follow-up of 5 years, the overall sensitivity of SNB
was 91%. The sensitivity and negative predictive values
(NPV) were lower for patients with FoM tumors compared
with other sites (80% vs. 97% and 88% vs. 98%, respectively, P = 0.034).
Conclusions. Sentinel node biopsy is a reliable and reproducible means of staging the clinically N0 neck for patients
with cT1/T2 HNSCC. It can be used as the sole staging tool for
the majority of these patients, but cannot currently be recommended for patients with tumors in the floor of the mouth.

Elective neck dissection (END) remains the current gold
standard investigation for staging the cervical lymph nodes
in patients with head and neck squamous cell cancer
(HNSCC).1 END is both a staging and a therapeutic procedure, which represents a potential benefit for patients
who are subsequently found to harbor occult disease.
However, these patients represent only approximately 25%
of the population, leading to the possibility of overtreating
the remaining 75%.2 A wait-and-see policy has been
advocated; however, the high prevalence of occult disease
means that this policy cannot be universally recommended.
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The considerable morbidity associated with neck dissection
reinforces the importance of finding alternative means of
accurately staging the clinically negative (cN0) neck.3,4
Sentinel node biopsy (SNB) potentially allows for
staging of the cervical lymph nodes without the morbidity
of a neck dissection.5 The combination of preoperative
peritumoral injection of radiotracer and intraoperative
injection of blue dye provides a means of selecting the
small number of nodes most likely to receive the initial
drainage from the region of the primary tumor, and the
accuracy of the procedure is dependent on the concept that
these ‘‘sentinel’’ nodes will accurately reflect the remainder
of the nodal basin.6 The ability to limit the pathological
evaluation to a small number of nodes potentially offers an
additional benefit: It is possible to use more detailed
pathological techniques to identify micrometastatic
deposits, a process that would be impractical for a complete neck dissection specimen.2
The acceptance of SNB for HNSCC has been slower
than that for melanoma; however, initial results have
shown considerable promise. Early phase I validation
studies have consistently reported sensitivities and negative
predictive values of greater than 90%, paving the way for
larger multicenter trials such as the current study.7–9
Preliminary results of this study, based on an interim
analysis at 2 years of follow-up, were published in 2004
and demonstrated the feasibility of the technique as a
staging tool.10 Sentinel nodes were successfully identified
and harvested in 93% of patients, and the overall sensitivity
of the technique was found to be 93%. Patient accrual for
this study was completed in 2002, and all patients have
now reached at least 5 years of follow-up.
PATIENTS AND METHODS
Patients were recruited from June 1998 until November
2002; 6 Plastic and Maxillofacial surgery units contributed
patients from the United Kingdom, Germany, Denmark,
Italy, and Spain. Before commencement of the study, local
and multicenter research ethics committee (REC) approvals were obtained.
Inclusion Criteria
The full details of this study’s inclusion/exclusion criteria and study protocol have been published previously.11,12 In brief, patients with clinically staged T1/T2
N0 oral/oropharyngeal SCC underwent either SNB alone or
SNB-assisted elective neck dissection (SNB-assisted END)
in order to stage the clinically negative neck. All SNB
procedures used the triple diagnostic technique of preoperative lymphoscintigraphy (LSG), intraoperative injection
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of patent blue V dye (Laboratoire Guerbet, Aulnay-SousBois, France), and handheld gamma probe radiolocalization, and follow-up was at least 5 years (mean 5.4 years).
Pathologic Evaluation
Harvested sentinel nodes were trimmed into blocks a
maximum of 2.5 mm thick. One initial section from each
block was examined with H&E staining. Negative nodes
were subsequently examined with H&E at 150-lm stepserial sections (SSS). Nodes that remained negative were
then evaluated with cytokeratin AE1/3 immunohistochemistry (IHC), and IHC-positive slices were compared
with adjacent sections to confirm viable tumor cells.
Patients in whom a sentinel node was positive by stepserial sectioning/immunohistochemistry with no further
evidence of disease in the neck dissection specimen were
deemed to have micrometastatic disease and were staged
pN1mi.13–15 Pathologic evaluation of neck dissection
specimens was with H&E-only.
Statistics
Descriptive statistics were given as mean, percentage,
and range. The unpaired t test was used to compare means
between groups, and the chi-square test was used for categorical data. Kaplan-Meier survival curves were
generated, with log-rank and Breslow tests for comparison
of survival between groups. A P value \0.05 was considered significant. All analysis was carried out in SPSS 12 for
Windows (SPSS Inc., Chicago, IL).
RESULTS
A total of 134 patients were included, with 79 patients
undergoing SNB alone and 55 undergoing SNB-assisted
END. Age, sex, and T-stage distribution did not differ
significantly between groups. Full details of this patient
population have been previously published.10
Sentinel nodes were successfully harvested in 125 of 134
patients (93%), with lower identification rates observed for
floor-of-mouth (FoM) tumors (88% vs. 96%, P = 0.14) and
for SNB-alone (72 of 79, 91% versus 53 of 55, 96%). These
findings did not reach statistical significance.
Of the 125 cN0 patients, 42 were upstaged by SNB
(34%), with 10 patients demonstrating micrometastatic
disease detectable only by SSS (n = 2) or IHC (n = 8).
There were no differences in upstaging between SNB-alone
or SNB-assisted END groups, or between tumor sites. cT2
tumors were upstaged twice as often as cT1 tumors (51%
vs. 20%; P = 0.001). Also, 19 patients underwent bilateral
SNB, giving 144 neck sides.
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Follow-up
In the SNB-assisted END group, 22 of 53 patients were
upstaged. One patient with a FoM tumor, staged negative
by SNB, was subsequently found to have tumor within the
END specimen, giving a sensitivity of 96% (22 of 23) and
negative predictive value of 97% (30 of 31) for the SNBassisted END group. No patients in this group have
developed nodal recurrence.
In the SNB-alone group, 20 patients were staged SNBpositive and 52 SNB-negative. Of the SNB-negative
patients, 3 developed cervical node involvement during the
5-year follow-up period, giving a sensitivity of 87% (20 of
23) and negative predictive value of 94% for SNB alone.
Overall sensitivity for sentinel node biopsy in patients with
cT1/T2 cN0 HNSCC was 42 of 46 patients (91%), with a
negative predictive value of 95%.
One patient with a right-sided FoM tumor close to, but
not involving, the midline demonstrated only ipsilateral
drainage on preoperative LSG. He underwent ipsilateral
SNB alone, which proved positive, and was treated with a
right-sided MRND. At 4 years follow-up, he developed
contralateral (left-sided) nodal recurrence and was subsequently treated with left-sided neck dissection. When
considering neck sides, the overall sensitivity of SNB was
44 of 49 (90%) and NPV was 95 of 100 (95%).
Of the 5 false-negative patients, 4 had floor-of-mouth
tumors. The sensitivity was 80% (12 of 15 patients) for
FoM tumors compared with 97% (30 of 31 patients) for
other tumor sites (P = 0.034). Similarly, the NPV for FoM
tumors was 88% compared with 98% for tumors in other
sites. The lower sensitivity for FoM tumors was more
pronounced in the SNB-alone group (67% vs. 94%,
P = 0.016) compared with the SNB-assisted END group
(89% vs. 100%, P = 0.391) (Tables 1, 2). Negative predictive values were lower for FoM patients in both groups
(91% vs. 97% and 75% vs. 100%, respectively).
A number of patients were excluded from further follow-up. Of the 52 SNB-alone patients staged SNB
negative, 11 developed second primary aerodigestive SCC
tumors, 5 died due to unrelated causes, 4 developed local
recurrence, 1 presented with distant metastasis, and 3
patients were lost to further follow-up. Of the 52 patients,
28 remained disease-free throughout the follow-up period,
while 7 patients are currently disease-free following additional treatment.
Kaplan-Meier survival analysis was used to compare
locoregional disease-free survival between SNB-positive
and SNB-negative patient groups. The curves appear to
demonstrate poorer survival in the SNB-positive group, but
this finding did not reach statistical significance (log-rank
statistic 0.37, P = 0.55). Comparison between SNB alone
and SNB-assisted END demonstrated no significant
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TABLE 1 Upstaging of patients by primary tumor site
Tumor site

Patients
SN?

Neck sides
Total

SN?

Total

Anterior tongue

16 (33%)

48

17 (31%)

54

Floor of mouth

12 (32%)

37

13 (28%)

47

Posterior tongue

5 (56%)

9

5 (56%)

9

Retromolar trigone

6 (55%)

11

6 (55%)

11

Buccal

1 (20%)

5

1 (20%)

5

Lower alveolus

1 (17%)

6

1 (14%)

7

Hard palate
Soft palate

1 (33%)
0

3
2

1 (25%)
0

4
3

Lip

0

1

0

1

Tonsil

0

2

0

2

Upper alveolus

0

1

0

Total

42 (34%)

125

44 (31%)

1
144

No significant differences in likelihood of upstaging were found
between primary tumor sites

survival difference for patients with tumors outside of the
floor of the mouth (Fig. 1).
DISCUSSION
Management of the clinically negative neck in patients
with early HNSCC remains a controversial subject. The
choice between elective neck dissection or wait-and-see
policy is seldom an easy one, based primarily on the
characteristics of the primary tumor.16 This approach is
imperfect, with approximately 25% of clinically negative
patients reported to harbor occult metastases.17,18 Conversely, the considerable morbidity associated with END
precludes it from being universally employed in this patient
group.4
The emergence of sentinel node biopsy provides the
possibility of accurate pathological staging of the cervical
node basin, while minimizing the invasiveness of the procedure and its associated morbidity.6,19 The use of
preoperative lymphoscintigraphy has the additional advantage of identifying aberrant drainage pathways, potentially
guiding the surgeon in planning further treatment.20
The results of phase I trials have proven encouraging,
with several small single-center studies reporting technical
success rates, sensitivities, and negative predictive values
greater than 90%.7–9 While these results suggest the feasibility of SNB, larger phase II and III trials are required
before the technique can be recommended as a true alternative to END in this population. To date, this large
multicenter study provides the most compelling evidence
to support the use of SNB as a staging tool.
The results of this study have demonstrated that sentinel
node biopsy is a viable alternative to elective neck

P = 0.034
P = 0.138
SNB sentinel node biopsy, END elective neck dissection, FoM floor-of-mouth

A lower identification rate and sensitivity are seen in patients undergoing SNB alone for FoM tumorsdupe

P = 0.391
P = 0.3
P = 0.016
Statistical significance P = 0.098

97%/98%

91%/95%
46
93% 42
134
125
96%/97%
23
22
96%
55
53
87%/94%
23
91% 20
72
All tumors

79

31

15
88% 12

96% 30
92

42
37

88
100%/100%

89%/75%
9

14
14
95%

100% 8
12

43
41

12
67%/91%

94%/97%
17

6
83% 4

96% 16
49
47
Other tumors

30
25
FoM tumors

SN ? All ? Sensitivity/NPV Success Total (%)
SN ? All ? Sensitivity/NPV Success Total (%)
Success Total (%)

All SNB
SNB-assisted END
SNB alone

TABLE 2 Comparison of floor-of-mouth tumors (FoM) with tumors in other sites

80%/88%
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SN ? All ? Sensitivity/NPV
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dissection for staging the clinically negative neck in
patients with early head and neck squamous cell cancer.
While there is undoubtedly a learning curve associated
with the procedure, the 93% successful SN identification
rate, 91% sensitivity, and 95% negative predictive values
observed in this study are in keeping with previous reports
and highlight the feasibility of the technique across multiple institutions.2,7–9,20–23 Perhaps most importantly,
patients undergoing sentinel node biopsy alone were not
demonstrated to have a significantly different long-term
survival compared with patients undergoing elective neck
dissection in this study.
Sentinel node biopsy has the benefit of drastically
reducing the number of lymph nodes for pathological
evaluation, by superselecting only those nodes most likely
to reflect the disease status of the rest of the neck.2,6 This
allows more in-depth evaluation of the small number of
sentinel nodes, using SSS and immunohistochemistry for
the detection of micrometastatic deposits.23 The term
‘‘micrometastasis’’ was applied to any disease that was not
detected by routine H&E staining of the initial blocks and
was found in 10 patients. These represent 11% of the
patients who were initially staged SNB negative, and this
relatively high proportion illustrates the importance of
these additional pathological techniques for the detection
of occult disease. The size criteria outlined by Hermanek
et al. were not employed in this study.15 These criteria are
not based on robust evidence, and there remains considerable debate regarding the size of SLN metastasis that is
clinically significant.24 As such, we have included all
viable occult metastases in our analysis. While the significance of micrometastatic disease has yet to be fully
determined, it is currently recommended that these patients
should be treated in the same way as pN1 patients until
clear evidence dictates otherwise.9,13,15
However, it is clear from our results that sentinel node
biopsy may not be appropriate for every patient in this
population. Specifically, SNB demonstrates lower technical success rates and poorer accuracy for patients with
tumors in the floor of the mouth—findings that were evident in our interim results in 2004 and have also been
reported by other groups.10,25 The close proximity of the
primary tumor to the draining lymph node basin causes
difficulties for both preoperative lymphoscintigraphy and
intraoperative radiolocalization, because of the welldescribed phenomena of ‘‘shine-through’’ radioactivity and
scatter from the primary site.26 These problems were more
pronounced in the group of patients undergoing SNBalone, where limited access through a small incision can
add significantly to the technical difficulty of the procedure. The improved access afforded by raising flaps for
neck dissection may go some way toward mitigating the
difficulties related to the proximity of the primary tumor
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FIG. 1 Survival. (a) SNBpositive patients demonstrate
lower locoregional disease-free
survival compared with SN
negative, although not statistically
significant (log rank = 0.37,
P = 0.545). (b) SNB-alone
patients do not demonstrate
significantly different overall
survival compared with SNBassisted-END (log rank = 1.10,
P = 0.293)
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site. As a result, it is not possible to advocate SNB as the
sole staging tool for patients with FoM tumors. It is possible that combining the SNB with a level I node clearance
may improve detection rates and sensitivity, though this
will require further study before it can be universally
recommended.
Future of SNB in HNSCC
The outcomes of this study provide further weight to the
argument for the use of sentinel node biopsy in selected
patients with early HNSCC. However, its exact role in the
management of these patients remains largely undefined.
At present, there are 2 ongoing multicenter trials whose
outcomes may prove of considerable importance: the
SENT and ACOSOG Z0360 trials.25,27
The European Sentinel Node Trial (SENT) is a large
prospective study, which builds upon data collected from
the present study, the Swiss experience, and a number of
other experienced European centers.27 The mean follow-up
for this dataset is currently at 27 months. The American
College of Surgeons Oncology Group (ACOSOG) Z0360
trial is a prospective multicenter validation study that
completed accrual of 137 oral SCC patients from 25
institutions in 2006. The trial is currently in the follow-up
phase and reported an interim analysis of their data in
2007.25 Based on preliminary pathology with H&E staining
alone, the authors reported a negative predictive value of
94%. Notably, the ACOSOG trial also described poorer
results for patients with FoM tumors, in keeping with the
results of the present study.
In conclusion, the role of sentinel node biopsy in the
management of patients with early HNSCC has yet to be
fully elucidated. However, evidence favoring its use as a
staging tool continues to grow, and the results of this study
provide the strongest supporting argument to date. While
SNB may not be universally applicable in this patient
population, its potential benefits are clear and the upcoming
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results of ongoing multicenter studies will hopefully go
some way toward clarifying its exact role.
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