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Abstract

Objectives To determine the frequency by neck level of clinically known and occult lymph node metastasis in p16 positive

oropharyngeal squamous cell carcinoma (p16+ve OPSCC). Design Retrospective study of 61 patients with p16+ve OPSCC

whom had neck dissection and prior or simultaneous trans-oral surgery. Histopathology reports of neck dissection specimens

were compared to preoperative clinical and radiological reports to determine the distribution of clinically known and occult

nodal disease at each neck level and its concordance with preoperative findings. Positive and negative predictive values for

pathological nodal disease (pN+ve or pN0) were assigned to clinically assessed node-positive (cN+ve) or node-negative (cN0)

status at each neck level. Setting Single tertiary referral centre in the UK Participants 61 patients with p16+ve OPSCC with no

prior head and neck cancer treatment. Main outcome measures Clinical, radiological, and pathological findings of nodal disease

in the neck. Results Two-hundred individual neck level specimens were analysed. Seventy-seven levels were considered cN+ve,

of which 83.1% (64/77) were also pN+ve. One hundred and twenty-three levels were considered cN0 of which 13% (16/123)

were proven as pN+ve, demonstrating occult disease across various levels. This occult disease was identified in level II in 7

patients, level III in 6 patients and level IV in 3 patients, with no occult disease seen in cN0 level I or V. Conclusions These

findings augment existing limited data on the distribution of occult nodes in OPSCC specific to p16+ve disease and reaffirm

the rationale for dissecting at least levels II-IV in any cN0 neck.

Abstract

Objectives

To determine the frequency by neck level of clinically known and occult lymph node metastasis in p16
positive oropharyngeal squamous cell carcinoma (p16+ve OPSCC).

Design

Retrospective study of 61 patients with p16+ve OPSCC whom had neck dissection and prior or simultaneous
trans-oral surgery. Histopathology reports of neck dissection specimens were compared to preoperative
clinical and radiological reports to determine the distribution of clinically known and occult nodal disease
at each neck level and its concordance with preoperative assessment. Positive and negative predictive values
for pathological nodal disease (pN+ve or pN0) were attributed to clinically assigned node-positive (cN+ve)
or node-negative (cN0) status at each neck level.

Setting

Single tertiary referral centre in the UK

Participants

61 patients with p16+ve OPSCC with no prior head and neck cancer treatment.
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Main outcome measures

Clinical, radiological, and pathological findings of nodal disease in the neck.

Results

Two-hundred individual neck level specimens were analysed. Seventy-seven levels were considered cN+ve, of
which 83.1% (64/77) were also pN+ve. One hundred and twenty-three levels were considered cN0 of which
13% (16/123) were proven as pN+ve, demonstrating occult disease across various levels. This occult disease
was identified in level II in seven patients, level III in six patients and level IV in three patients, with no
occult disease seen in cN0 level I or V.

Conclusions

These findings augment existing limited data on the distribution of occult nodes in OPSCC specific to
p16+ve disease and reaffirm the rationale for dissecting at least levels II-IV in any cN0 neck.

Keywords

Oropharyngeal cancer, Neck dissection, Lymphatic metastasis, Squamous cell carcinoma, Human papilloma
virus, Tonsil Cancer, Cancer staging

Key points

• Patients with p16+ve OPSCC who are staged cN0 pre-treatment, and who undergo primary surgical
treatment of the neck, are required to have a neck dissection including levels II, III and IV to avoid
incomplete surgical management of occult nodal disease.

• If patients are staged cN+ve pre-treatment, there is high positive predictive value for the presence of
pathological nodal disease at the corresponding neck level.

• There is poor negative predictive value for the absence of nodal disease clinically at level II.
• The nodal distribution of HPV-specific disease is not significantly different to that found in previous

studies that have not regarded HPV (or p16) status.
• We demonstrate a sensitivity of 93% and a specificity of 83% for cN0 staging in p16+ve OPSCC

Background

Seventy percent of oropharyngeal squamous cell carcinomas (OPSCC) are now associated with a positive
p16 immunohistochemistry status (p16+ve OPSCC) in Europe and the USA,1, 2 a number expected to
increase.3 p16 positive immunohistochemistry is often used as a surrogate marker for the presence of the
human papilloma virus (HPV). HPV-related OPSCC has doubled in incidence in the United Kingdom from
1990-2006 and again from 2006-2010.3

Compared to non-HPV associated OPSCC caused by exposure to associated carcinogens from tobacco and
alcohol, patients affected by HPV associated disease represent a distinct population. Patients are of an
average younger age, present at an earlier stage, and occupy a median higher socioeconomic class.4 Despite
improved survival, quality-of-life indices remain low following treatment.5 It is therefore important to ensure
that treatments, be they surgical or non-surgical, bring acceptably low recurrence risk whilst minimising loss
of function.

Patients with p16+ve OPSCC typically present with cervical lymph node metastasis which may be asymp-
tomatic, and in our institution are fully assessed clinically, radiologically and histologically with needle
biopsy (or core biopsy if required) from the cervical lymph node/s and biopsy from the primary tumour
site. Results are discussed at the multi-disciplinary team meeting and treatment is offered that may include
primary surgery for patients whose tumours are deemed appropriate. This consists of trans-oral surgery
to the primary tumour site (either using Trans-oral Laser Microsurgery (TLM), or Trans-Oral Robotic
Surgery(TORS)) and selective neck dissection.3Histopathological examination of neck dissection specimens

2
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then re-stages the resected tumour and nodal disease and identifies adverse features, which guide the decision
on adjuvant non-surgical treatment.

The distribution of both clinically known and occult p16+ve OPSCC nodal disease in each neck level is
not widely reported. Evaluation of this distribution could both reinforce the rationale for dissecting specific
neck levels and evaluate the accuracy of preoperative clinical and radiological examination in establishing
the presence and location of nodal disease.

Materials and methods

A retrospective review was conducted of patients who had undergone primary neck dissection (ND) for
p16+ve OPSCC between 2015-2019 at our institution. NDs were performed by two surgeons (JWM and AP),
and all patients underwent trans-oral surgery (TORS or TLM) of the primary tumour either simultaneously
or after a delay of 1-2 weeks depending on logistical factors (availability of the surgical robot, for instance).
Inclusion criteria included primary tumours with positive p16 immunohistochemistry (IHC) affecting the
tonsil, base of tongue and soft palate, and patients for whom primary tumours were unidentifiable (for
whom p16 positivity was established in IHC from lymph node metastasis). All patients with unidentifiable
primary tumours underwent cross sectional imaging and PET/CT scan, bilateral tonsillectomy, and base of
tongue mucosectomy to attempt to identify the primary site. Exclusion criteria included any patient who
had received any form of previous head and neck cancer treatment, paediatric patients, non-oropharyngeal
primary tumours, and p16 negative or ‘p16 status unknown’ tumour biology.

All neck dissections routinely include levels II-IV, with the ultimate extent of surgery being guided by pre-
treatment clinical and radiological staging. Excised nodal levels are resected en bloc and divided by the
surgeon into separate specimens, each comprising a specific neck level. Each level is sent separately to
histopathology fixed in formalin and processed according to an operating pathology protocol that safeguards
specimen orientation, laboratory sampling, and the reporting of lymph nodes, extranodal extension, tumour
margins and soft tissue deposits6. For the purpose of this analysis any patient who had separate specimens
dissected from levels IIA and IIB were combined into a single ‘Level II’ to ensure consistency.

Assessments of clinical, radiological, and pathological reports were undertaken for each patient. Each neck
level was assigned a status of clinically node-negative (cN0) or positive (cN+ve) and pathologically node-
negative (pN0) or positive (pN+ve). Occult nodal disease was defined as the pathological presence of
metastatic nodal disease in the specimen with the absence of clinical or radiological disease specified at the
corresponding neck level. Thereafter, neck node level of clinical and pathological disease statuses (cN0 or
cN+ve, and pN0 or pN+ve) were recorded and compared.

Staging utilised the American Joint Committee on Cancer (AJCC) 8th edition (TNM8) for p16+ve OPSCC.
Clinical, radiological, and pathological reports of patients staged using the AJCC 7th edition (TNM7) were
reviewed to restage them according to the TNM8 criteria. The clinical staging pathway following clinical
examination involves contrast-enhanced MRI of the neck and CT of the chest. In a minority of cases PET/CT
or CT was used to stage the neck due to inability to undergo MRI.

Positive predictive values (PPV) and negative predictive values (NPV) for cN+ve status in each neck level
were calculated with 95% confidence intervals (95% CI) via the use of Microsoft Excel and are based on the
chi-squared test for the ratios of two proportions.7, 8 For parametric data, the unpaired Student’s T test was
used to assess the means between groups, with statistical significance assumed if p < 0.05.

Results and analysis

There were 61 patients included who underwent 63 NDs, of which 49 had a primary tonsillar tumours, 9
had primary tongue base tumours and 3 had unidentified primary tumours. Demographics, smoking history,
clinical staging method and surgical details are shown in Table 1. A mean of 37.9 nodes were excised during
each ND (SD 20.7) with cN0 necks yielding more nodes (mean 48.1) compared to cN+ve necks (mean 36.2,
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p = 0.09), likely due to small sample sizes from cN0 necks. The mean number of positive nodes per ND was
3.3 (median 2, range 1-19).

Overall, one patient was downstaged on pathological nodal staging (from cN1 to pN0). Eleven of the sixty-
one patients were upstaged, (seven from cN1 to pN2 and four from cN0 to pN1). Staging for the remaining
forty-nine patients was unchanged.

Overall distribution of lymph node metastases

The frequency of LN metastases at each neck level is shown in Table 2. Overall, fifty-four of the sixty-three
NDs were performed in cN+ve necks; of these, fifty-three were subsequently staged as pN+ve and one as
pN0. The remaining nine NDs were performed in cN0 necks. Of these four (44%) were subsequently pN+ve,
of which disease was invariably in Level II, and five remained pN0. This yielded an overall sensitivity of 93%
and a specificity of 83% for cN0 staging in p16+ve OPSCC.

Level-specific analysis

Table 3 examines the frequency of nodal metastases in each neck level in specimens that were cN0 and
cN+ve, respectively, at the corresponding level. ‘Occult’ nodes for each level were from here defined as
those found on pathological staging in levels that had been cN0 at the corresponding level. It therefore
demonstrates the concordance of ND specimens with preoperative clinical and radiological examination.

Two hundred individual neck level specimens were analysed (see Table 2) from the sixty-one patients.
Seventy-seven neck level specimens had been ascribed cN+ve status at the corresponding level, of which
83.1% (64/77) had pathological evidence of metastatic disease. One hundred and twenty-three neck level
specimens were cN0 in the corresponding level, of which occult disease was found in 13.0% (16/123). This
occult disease was found in 58.3% (7/12) of cN0 level IIs, 13.3% (6/45) of cN0 level IIIs, 5.5% (3/61) of cN0
level IVs, and 0/5 cN0 level Vs. Overall, sixteen of sixty-one patients had pathological nodes in levels not
established clinically. All four level I NDs were performed on necks cN+ve for level I, of which three were
pN+ve in level I; two of the seven level V NDs were performed on necks cN+ve for level V, of which one
was pN+ve in level V.

Table 4 presents the negative predictive values (NPV) and positive predictive values (PPV) for cN0 and
cN+ve status, respectively, for each level. With regard to the distribution of lymph node metastasis at
adjacent neck levels, it was found that patients who were cN+ve at level II had a PPV of 30.9% (95% CI
27.4% - 34.6%) for also being pN+ve at level III, and those who were cN0 at level II had a NPV of 87.5%
(95% CI 48.1% - 98.2%) for being pN0 at level III. Patients who were cN+ve at level III had a PPV of 11.1%
(95% CI 4.8% - 23.6%) for also being pN+ve in level IV, and a NPV of 97.8% (95% CI 89.8% - 99.6%) for
the absence of pathological level IV nodes (data not shown).

Discussion

This study examines the distribution of clinically known and occult nodal disease in neck dissection specimens
of patients with p16+ve OPSCC who have undergone primary treatment with TORS/TOLM and ND. The
data reaffirms previously reported data on the importance of including levels II, III and IV in ND for any
cN+ve p16+ve OPSCC, although the volume of previously published literature is low 9-11. The frequency of
occult node metastasis in patients staged overall as cN0 (four of nine NDs, 44%) underlines the importance
of sound oncological surgical technique when undertaking selective neck dissection in this cohort. There is no
place for limiting the neck dissection to levels II and III; levels II, III and IV is the minimum neck dissection
patients should be offered regardless of the absence of clinical disease in prior echelon levels.

Three other studies previously published have examined the nodal distribution specific to p16+ve disease
9, 10, 12, with just one comparing the breakdown of clinically known and occult nodes 10. Previous studies had
examined the distribution pattern of known and occult OPSCC nodal disease irrespective of p16 status,4, 13-17

with HPV only relatively recently demarcated as a disease subtype with a specific natural history and
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transmission.3 A recent Zenga et al. study examined a cohort of 324 pN+ve p16+ve OPSCC patients;
however this study did not assess the distribution of LNs by neck level.11

The data we report here is consistent with studies reporting the frequency of occult lymph node metastasis
in equivalent patient groups in level II (24-80%), level III (0-60%), and level IV nodes (0-27%).4, 10, 15, 17

The reported frequency of all LN metastasis are 76-90% for level II, 22-50% for level III and 9-14% for level
IV which are comparable with our data. 4, 9, 10, 12, 13, 17. The insight gained from this study is similar to
Amsbaugh et al who compared nodal distribution frequency in p16+ve and p16-ve OPSCC,12 but which
only examined the distribution of cN+ve LNs. This found that the distribution of nodes in p16+ve disease
was not significantly different to an historical Lindbergh study on overall nodal distributions in OPSCC
conducted prior to establishment of the HPV aetiology.13 However, the Amsbaugh et al study had a 67%
rate of smokers, introducing a confounding risk factor compared to our cohort with only 39% of patients
reporting as current or significant smokers in the past.

We acknowledge that there is a weakness in our reporting of level IIA and IIB disease as this was only
available for a small subset of patients (table 2), however with the limited data available we have shown
that the presence of level IIB disease was always associated with level IIA disease. Generally, the senior
authors’ policy is to dissect level IIA and IIB as standard in this patient group, but these specimens have,
for the majority, been sent as a single level II specimen without sub-division. A larger study found isolated
IIB disease in 2.2% without level IIA disease, although none in cN0 necks.4Recommendations in the United
Kingdom remain that IIB can be left intact in T1-2 tumours if clinical disease in IIA is absent,3, 4 with
heightened suspicion in tonsillar tumours.4

As with this study, previous reports on occult nodes for NDs reported uncommon involvement of levels I and
V, with frequencies of 0-9% for level I and of 0-7% for level V.4, 10, 14, 15Dissection of level I is not considered
routine and is advised in the presence of anterior tumour expansion into the oral cavity or in the presence
of cN+ve level I lymph nodes.3

Limitations

In this cohort, only two patients had a bilateral ND, with both patients having both necks staged as cN+ve
(and therefore, no occult nodes found). Other studies have described frequencies of nodes in contralateral
dissections as well as ipsilateral, although with insufficient frequencies of occult nodes to justify routine
contralateral ND in all cases.4, 10, 12, 13, 17 In patients who are managed with primary surgery to the con-
tralateral neck, further analytical work is required to demonstrate the pattern of contralateral lymph node
metastasis.

Lastly, despite the high negative predictive value of p16-ve protein expression for the absence of HPV, Royal
College of Pathology advice recommends in-situ hybridisation of all p16+ve specimens to confirm HPV,
which was not routinely available at our institution during the study period done. We estimate that 4% of
patients excluded from the analysis on the basis of having p16-ve disease may therefore have been eligible
for inclusion; exact data is, however, not known.18

Conclusion

We have demonstrated that level II, III and IV neck dissection is the minimum number of levels required to
be dissected for all patients undergoing primary surgery for p16+ve OPSCC. Supra-selective ipsilateral neck
dissection in the primary surgical setting cannot be recommended due to the potential risk of undertreatment
of occult disease in level IV. We also demonstrate that the cN0 neck at level II has a low negative predictive
value for the absence of clinical nodal disease at level II, although the clinical utility of this is low.
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Table 1. Patient demographics and types of neck dissection. Value presented as number (%) unless stated otherwise. All patients underwent dissection of levels II-IV, with levels I and V dissected according to results of staging from clinical and radiological examination Table 1. Patient demographics and types of neck dissection. Value presented as number (%) unless stated otherwise. All patients underwent dissection of levels II-IV, with levels I and V dissected according to results of staging from clinical and radiological examination Table 1. Patient demographics and types of neck dissection. Value presented as number (%) unless stated otherwise. All patients underwent dissection of levels II-IV, with levels I and V dissected according to results of staging from clinical and radiological examination Table 1. Patient demographics and types of neck dissection. Value presented as number (%) unless stated otherwise. All patients underwent dissection of levels II-IV, with levels I and V dissected according to results of staging from clinical and radiological examination

Number of patients Number of patients 61
Age, mean (range) (n=61) Age, mean (range) (n=61) 59.8 (32-93)
Sex (n=61) %

Male 47 (77)
Female 14 (23)

Smoking history (n=61) Smoking history (n=61)
<10pack years 37 (61)
Current smoker or >10 pack years 24 (39)

Imaging used for clinical staging (n=61)
MRI 50
CT 9
PET 2

Neck dissections (n=63) Neck dissections (n=63)
Ipsilateral 61
Contralateral 2

Levels dissected (n=63) Levels dissected (n=63)
I-IV 4 (6)
II-IV 52 (83)
II-V 7 (11)

Table 2. Overall frequency of dissection of each level and identification of lymph node metastasis at that level Table 2. Overall frequency of dissection of each level and identification of lymph node metastasis at that level Table 2. Overall frequency of dissection of each level and identification of lymph node metastasis at that level Table 2. Overall frequency of dissection of each level and identification of lymph node metastasis at that level

Neck Level Dissected Frequency of dissection of each level (n=63) Frequency of identification of LN metastasis (n=63) % pN+ve
I 4 3 75
II§ 63 55 87.3
III 63 18 28.6
IV 63 3 4.8
V 7 1 14.3
Total 200 80 40
§Level II was subdivided into IIA and IIB in 26 of the 63 dissection specimens; LN metastasis was found in 24 of 26 IIA specimens and in 3 of 26 IIB specimens, all of which had concurrent IIA disease. §Level II was subdivided into IIA and IIB in 26 of the 63 dissection specimens; LN metastasis was found in 24 of 26 IIA specimens and in 3 of 26 IIB specimens, all of which had concurrent IIA disease. §Level II was subdivided into IIA and IIB in 26 of the 63 dissection specimens; LN metastasis was found in 24 of 26 IIA specimens and in 3 of 26 IIB specimens, all of which had concurrent IIA disease. §Level II was subdivided into IIA and IIB in 26 of the 63 dissection specimens; LN metastasis was found in 24 of 26 IIA specimens and in 3 of 26 IIB specimens, all of which had concurrent IIA disease.

Table 3. Comparison of clinical and histological staging at each neck level for both cN0 and cN+ve patients in all neck dissections (63 NDs from 61 patients). Readers are reminded that if a patient was cN0 at a particular level they may have been cN+ve at a different level that determined their overall cN staging (for instance there were 12 level IIs that were classified as cN0, but these patients may have been cN+ve at a different level as there were only 9 patients were cN0 at every neck level) Table 3. Comparison of clinical and histological staging at each neck level for both cN0 and cN+ve patients in all neck dissections (63 NDs from 61 patients). Readers are reminded that if a patient was cN0 at a particular level they may have been cN+ve at a different level that determined their overall cN staging (for instance there were 12 level IIs that were classified as cN0, but these patients may have been cN+ve at a different level as there were only 9 patients were cN0 at every neck level) Table 3. Comparison of clinical and histological staging at each neck level for both cN0 and cN+ve patients in all neck dissections (63 NDs from 61 patients). Readers are reminded that if a patient was cN0 at a particular level they may have been cN+ve at a different level that determined their overall cN staging (for instance there were 12 level IIs that were classified as cN0, but these patients may have been cN+ve at a different level as there were only 9 patients were cN0 at every neck level) Table 3. Comparison of clinical and histological staging at each neck level for both cN0 and cN+ve patients in all neck dissections (63 NDs from 61 patients). Readers are reminded that if a patient was cN0 at a particular level they may have been cN+ve at a different level that determined their overall cN staging (for instance there were 12 level IIs that were classified as cN0, but these patients may have been cN+ve at a different level as there were only 9 patients were cN0 at every neck level) Table 3. Comparison of clinical and histological staging at each neck level for both cN0 and cN+ve patients in all neck dissections (63 NDs from 61 patients). Readers are reminded that if a patient was cN0 at a particular level they may have been cN+ve at a different level that determined their overall cN staging (for instance there were 12 level IIs that were classified as cN0, but these patients may have been cN+ve at a different level as there were only 9 patients were cN0 at every neck level)

Neck level cN0 of which pN+ve cN+ve of which pN+ve
I 59 0 / 59 4 3 / 4
II 12 7 / 12 51 48 / 51
III 45 6 / 45 18 12 / 18
IV 61 3 / 61 2 0 / 2
V 61 0 / 61 2 1 / 2
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Table 4.
Comparison of
the negative
predictive value
(NPV) for the
absence of clinical
disease (cN0
status) in each
neck level and the
positive predictive
value (PPV) of
cN+ve status in
each neck level

Table 4.
Comparison of
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absence of clinical
disease (cN0
status) in each
neck level and the
positive predictive
value (PPV) of
cN+ve status in
each neck level

Table 4.
Comparison of
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(NPV) for the
absence of clinical
disease (cN0
status) in each
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cN+ve status in
each neck level

Table 4.
Comparison of
the negative
predictive value
(NPV) for the
absence of clinical
disease (cN0
status) in each
neck level and the
positive predictive
value (PPV) of
cN+ve status in
each neck level

Table 4.
Comparison of
the negative
predictive value
(NPV) for the
absence of clinical
disease (cN0
status) in each
neck level and the
positive predictive
value (PPV) of
cN+ve status in
each neck level

Neck level NPV of cN0 (%) 95% CI PPV of cN+ve
(%)

95% CI

I 100 na 75.0 30.1 – 95.4
II 41.7 22.9 – 63.2 94.1 86.7 – 97.5
III 86.7 77.0 – 92.7 66.7 47.0 – 81.2
IV 95.1 94.9 – 95.3 0§ na
V 100 na 50.0 – 87.5
§ No cN+ve level
IV ND specimens
returned pN+ve
disease in level
IV; all level IV
pN+ve disease
was occult (see
Table 3)

§ No cN+ve level
IV ND specimens
returned pN+ve
disease in level
IV; all level IV
pN+ve disease
was occult (see
Table 3)

§ No cN+ve level
IV ND specimens
returned pN+ve
disease in level
IV; all level IV
pN+ve disease
was occult (see
Table 3)

§ No cN+ve level
IV ND specimens
returned pN+ve
disease in level
IV; all level IV
pN+ve disease
was occult (see
Table 3)

§ No cN+ve level
IV ND specimens
returned pN+ve
disease in level
IV; all level IV
pN+ve disease
was occult (see
Table 3)
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