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A B S T R A C T

Background: Lymph node involvement is a fundamental prognostic factor in
head and neck squamous cell carcinoma (SCC). Lymph node yield (LNY), which is the number of lymph nodes retrieved after neck dissection, and lymph node ratio
(LNR), which is the ratio of positive lymph nodes out of the total removed, are measurable indicators that may have the potential to be used as prognostic factors. The
present study is designed to define the exact role of LNY and LNR regarding the overall and specific survival of patients affected by oral cavity and oropharyngeal
SCC. It has been registered on clinicaltrials.gov database (NCT03534778).
Methods: This is a multicenter study involving tertiary care referral centers in Europe and North America. Patients affected by oral cavity, HPV+ and HPV-
oropharyngeal SCC undergoing neck dissection will be consecutively enrolled and followed-up for up to 5 years. Patients and disease characteristic will be properly
recorded and centrally analyzed. The primary end-point is to define reliable cut off-values for LNY and LNR which may serve as prognosticators of survival. This will
be achieved through the use of ROC curves. Secondary outcomes will be the Overall survival (OS), Disease Specific Survival (DSS), and Progression Free Survival
Hazard Ratios (HR) at 2-, 3- and 5 years, which will be evaluated through the Kaplan-Meier method and the difference in survival attested by the log-rank test.
Univariate and multivariate analysis will be performed to understand the association of various outcomes with LNY and LNR.

1. Background

Lymph node involvement is a fundamental element to consider in
the prognosis of Head and Neck squamous cell carcinoma. Local spread
of the tumor occurs mostly through the lymphatic vasculature to the
lymph nodes of the neck. For this reason, the primary assessment of
lymph nodes is a fundamental aspect of the staging system. The
American Joint Committee on Cancer Staging Manual stratifies groups
based on anatomic and non-anatomic criteria [1]. The 8th edition of the
AJCC manual implemented some changes for oral cavity, pharynx, and
larynx compared to the previous edition. Tumor depth and extranodal
extension (ENE) are now factors to consider in the staging system to-
gether with the historical factors such as laterality, number, and size of
the involved lymph nodes. On the other hand, it is still unclear if other
elements may be of significant importance in head and neck cancer
patients.

In detail, lymph node yield (LNY) and lymph node ratio (LNR) are
measurable factors whose role may have a potential prognostic im-
plication. LNY is defined as the number of lymph nodes retrieved after
neck dissection, whereas LNR is defined as the ratio of pathologically
positive lymph nodes out of the total number of retrieved lymph nodes
after neck dissection. It is likely that a higher LNY means that more
potential, occult, pathological tissue has been removed and for this
reason, this should be a favorable prognostic factor.

On the other hand, a lower LNR may signify that few lymph nodes
are positive out of the total removed and in consequence, the lower the
value the higher the survival rate should be. Various potentially optimal
cut-off values of LNY and LNR have been proposed in many retro-
spective studies and in two published systematic reviews [2,3], al-
though no definitive results have been drawn yet. Elective neck dis-
section for cN0 oral and oropharyngeal cancer is routinely performed in
many centers, considering the risk of occult metastasis. The
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management of cN+ neck instead routinely involves the execution of a
therapeutic neck dissection according to the levels involved and the
characteristic of the disease.

In order to improve survival and better tailor treatment choices, it
would be important to take into account the specificity of cancers af-
fecting specific subsites. It is now clear that HPV+ oropharyngeal
carcinoma has a better prognosis than HPV- disease. The development
of risk stratification should take into account these and other factors in
order to understand if adjuvant treatments such as radiotherapy/che-
motherapy should be performed. LNY and LNR may have a predictive
value which may help to drive treatment choices in specific population
of patients. The majority of the evidence on this topic comes from
retrospective studies or cancer database registries [3], which are un-
doubtedly a valid source of information but are also predisposed to
biases due to the retrospective collection of information, such as patient
selection and incomplete data acquisition. For this reason, a routine
evaluation of the two parameters is not part of current clinical practice.

This prospective observational study aims to validate the results
coming from the currently available retrospective studies and meta-
analyses. It should account for potential biases and should provide
proper stratification of the analyzed outcomes in order to finally define
the exact role and the precise cut-off values for LNY and LNR in oral
cavity and oropharynx squamous cell carcinoma.

The protocol of this study has been compiled following the STROBE
statement check-list (appendix document 1) [4]. It has been pre-
liminary registered on clinicaltrials.gov (NCT03534778).

2. Methods

This is a multicenter study in which the participating institutions are
tertiary care centers in Europe and North America (Humanitas Research
Hospital - Milano, Italy; University of Pennsylvania - Philadelphia, USA;
Regina Elena National Cancer Institute - Rome, Italy; Poznan University
of Medical Sciences, Poland; University of Zielona Gora, Poland) who
accept to conform to the present protocol for participation. Centers
involved were selected on the basis of the high level of specialization in
head and neck cancer surgery. Moreover, all the participating institu-
tions are high volume centers that routinely perform surgery on oral
cavity and oropharyngeal cancers. This prospective study will recruit
consecutive patients diagnosed with squamous cell carcinoma of the
oral cavity and HPV+ and HPV- oropharynx, whose treatment plan
includes neck dissection at any level (see Fig. 1). This study focus on
those two clinical entities because it is assumed that it is better to
analyze data on two cancer subtypes in the head and neck region. First,
because it will be possible to understand if a difference exist between
LNY/LNR in oral versus oropharynx carcinoma. Second, enrolling pa-
tients affected by two subtypes will allow to reach a substantial number
of patients in a shorter time frame. For each patient, a complete diag-
nostic workup will be conducted and detailed information will be col-
lected. The workup includes the collection of demographic and clinical
characteristics, conventional risk factors and radiographic examination
as necessary. Patients will sign a uniform consent form in all the par-
ticipating institutions (appendix document 2). A uniform chart de-
scribing all the included characteristics will be provided to all the
participating institutions through a dedicated spreadsheet function
created in googledocs as described by Rosenberg and coll. [5], in which
a designated researcher in every participating institution is provided
with access information and will be responsible for the input of data.
The investigator at each participating institutions have personally met
the principal investigator (OI) in order to discuss how to collect and
input the data through the dedicated spreadsheet function. Quality
assurance has been performed discussing with the local researchers the
surgical protocols in every clinical scenario, the proper management of
the data, and strict adherence to this protocol.

Through this system, all the information will be returned completed
to the principal investigator, who will have access to all the information

provided by every participating institution and who is ultimately re-
sponsible for the collection of data and coordination of the statistical
analysis together with the involved statisticians.

To avoid any issue regarding patient data confidentiality, the de-
signated researcher will input patient's data inserting just the initials of
the treated patient in the googledocs precompiled spreadsheet and will
number each one consecutively. It will be her/his care to keep record of
the association between the initials/consecutive number with the pa-
tient's chart, which may be needed to be retrieved at a successive time if
data are missing or incompletely reported.

Inclusion criteria are as follows: age of at least 18 years, histologi-
cally confirmed diagnosis of squamous cell carcinoma, surgically re-
sectable disease at any stage, neck dissection included in the treatment
plan either for N0 or N+ disease. Exclusion criteria are recurrent car-
cinoma after surgery, previous irradiation, metastatic carcinoma, ECOG
performance status> 3.

This protocol will be submitted to each ethical committee of in-
volved institutions. Given the purely observational, non experimental
design of this study, which involves just a rigorous examination of data
coming from standard of care reports, no particular ethical issues must
be outlined.

3. Treatment

Surgical resection of the primary tumor will be performed according
to the disease and the surgical protocol of the involved institutions.
Monolateral or bilateral, radical, modified radical, selective, or ex-
tended neck dissection will be performed according to the treatment
plan for the specific tumour and will be carefully reported according to
AAO-HNS criteria (Table 1) [6]. Lymph node levels will be sampled and
analyzed separately. Variables recorded will be: exact anatomic loca-
tion of the tumour, size of the primary tumor, pathologic depth of in-
vasion of the tumor, grade of differentiation, status of resection mar-
gins, type of lymph node dissection performed, lymph node
involvement, extracapsular spread (ECS), perineural invasion, tumor
infiltrating lymphocytes, exact lymph node yield per level, number of
lymph nodes involved by disease per level (Table 2). Chemor-
adiotherapy or radiotherapy treatment plan will be recorded in detail, if
performed. Surgical specimens will be examined by pathologists with a
special interest in head and neck pathology. Specimen preparation,
dissection, sampling, and microscopical examination will be performed
in a standardized way. Care will be taken to report the characteristics of
the resected lymph nodes, including the exact number, presence of
metastasis, and ECS.

4. Statistical analysis

The primary endpoint of this study is the assessment of reliable cut-
offs for LNY and LNR. To do so, the sum of specificity and sensitivity
will be maximized as a function of possible cut-offs. Regarding the
identification of the best cut off values for LNY and LNR, the ability of
the variables to discriminate the most favorable outcomes will be per-
formed using the time-dependent receiver operating characteristics
(ROC) curves. ROC curves show sensitivity versus 1 – specificity, such
that the area under the curve is able to demonstrate higher dis-
criminatory ability in defining different risk groups for a given value.
We can conservatively estimate the standard error of the sum as 1.4
times the standard error of specificity and sensitivity, and an upper
bound for this is therefore 0.7 divided by the square root of the total
sample size. We can then fix a minimal sample size of 400 subjects per
anatomical subsite in order to be able to distinguish the performance of
cut-offs with a difference in sum of 3.5%.

Statistical analysis will be performed by a single center, where data
will be gathered by the principal investigator from the multiple centers
involved in the study. Variables examined will include patient and
tumor characteristics and their association with recurrence and death.
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Analyzed outcomes will include Overall Survival (OS), Disease-specific
survival (DSS) and Progression Free Survival (PFS) Hazard Ratios. The
2, 3 and 5 year OS, DSS and PFS will be evaluated using the Kaplan-
Meier method and the difference in survival assessed by the log-rank
test. OS will be measured by the time of surgery to the date of death or
last follow-up. DSS will be calculated from the time of diagnosis to
cancer-related death. Subgroup analysis will be performed differ-
entiating among oral, HPV+, and HPV- oropharyngeal cancer. Further
stratification of patients will be performed in order to account for
possible biases in the interpretation of the results and also to properly
evaluate the prognostic significance of LNY and LNR on various cate-
gories of patients. Categorization of variables will be performed as
follows: age, primary site of the tumor, cN stage, pN stage, cT stage, pT
stage, ECS, tumor depth of infiltration, type of neck dissection, number
of levels dissected, adjuvant treatment, median lymph node yield (this
one just for the LNR analysis). Univariate Cox regression analyses will
be performed to examine the association between unfavorable out-
comes and the LNY and LNR. A multivariate analysis using the Cox
proportional hazards model will then be conducted to determine in-
dependent predictors of survival adjusted for the previously defined
categorized variables. The sample size of 400 patients also satisfies the
rule of thumb as described by Ogundimu and coll. [7], in which an
estimated number of events per variable should be > 20 in order to
eliminate any bias in regression coefficients. Patients accrual started in

November 2018. Accrual is expected to be completed in 2 years. Two-
sided p-value< 0.05 will be considered to represent a statistically
significant difference.

5. Follow-up

Patients participating in the study will be followed-up periodically
for recording of death (overall and cancer related) and recording of
recurrence of disease. Patients lost to follow-up will be considered as
censored.

The designated researcher in each institution will insert the required
data in the precompiled form on googledocs server once the event oc-
curs. If the patient will complete the follow-up period or is still alive at
completion of the study it will be inserted in the form as terminally
censored.

Follow-up after surgery will be performed at each single partici-
pating institution according to their standards. Anyway, a follow-up
after surgery at 1 month, 3 months, 6 months, 1 year and subsequently
every 6 months up to 5 years is the minimum requested.

6. Results

Results of the study will be presented in synthesis tables, graphs will
be provided to better illustrate the outcomes of the statistical analyses.

Fig. 1. Schematization of data collection.

Table 1
Type of neck dissection as defined by AAO-HNS criteria [5].

Radical Removal of all ipsilateral cervical lymph nodes extending from the inferior border of the mandible to the clavicle, from the lateral border of the sternohyoid
muscle medially, to the anterior border of the trapezius muscle. Spinal accessory nerve, Sternocleidomastoid muscle, and internal jugular vein are also
removed.

Modified radical Excision of all lymph nodes removed with the radical neck dissection with preservation of one or more of non lymphatic structures, such as internal jugular
vein, sternocleidomastoid muscle, or spinal accessory nerve. Preserved structures should be specified.

Selective Preservation of one or more lymphnode groups that are routinely removed in the radical neck dissection.
Extended Removal of one or more additional lymph nodes group or non lymphatic structures not included in the definition of radical neck dissection (e.g.

parapharyngeal lymph nodes, buccinator muscle etc.). The additional structures should be specified.
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ROC curves identifying the likely best cut-off values of LNY and LNR
for OS, DSS and PFS will be constructed. Tables for the univariate and
the multivariate analyses will be provided.

2-, 3- and 5- years OS, DSS and PFS graphs calculated using the
Kaplan-Meier method will be presented. The different Kaplan-Meier
curves will depict results according to the various pre-specified, stra-
tified variables.

7. Discussion

Lymph node status of the neck may be considered the main prog-
nostic indicator in patients affected by HNSCC. Laterality, size and
number of the involved lymph nodes are established factors to consider
in the evaluation of patients. On the other hand, LNY and LNR are
measurable factors whose role as prognosticators is unclear.

The literature is rich in reports that suggest that LNY and LNR may
be used as prognosticators of survival [2]. Data from retrospective and
registry studies indicate that they can be both useful in defining the
prognosis of patients undergoing neck dissection in the context of the
treatment for HNSCC. The results of a meta-analysis and meta-regres-
sion conducted by our group (submitted for publication) further con-
firm this assumption.

Ebrahimi and coll. [8], in a retrospective study, concluded that a
minimum lymph node yield of ≥18 conferred a survival advantage in
clinically node negative oral cavity cancer patients. A database registry
study by Kuo and coll. [9] stratified patients in 8 groups and established
that the greatest survival advantage in cN0 patients was achieved at
values ≥ 16. The same study also evaluated cN+ patients and in this
case a cut-off of ≥26 was necessary to confer a greater survival.

Divi and coll [10]. performed a cancer database study on all head
and neck subsites and including all N stages, confirming that a
value≥18 likely gives a better survival compared to patients with
lower LNY values. The same value was confirmed by Bottcher and coll
[11]. regarding larynx cancer patients. Literature confirms that a higher
yield is associated with a improvement in prognosis, although the exact
cut-off values are variable from study to study.

Lymph node ratio of 0.13 was found to be statistically associated
with a decrease in overall and disease specific survival in a retro-
spectively evaluated series of oral cavity cancer patients [12]. Gil and
coll. [13] found that a ratio lower than 0.06 in oral cavity cancer pa-
tients, was associated to better survival outcomes. While Kunzel and
coll. [13] evaluated oropharyngeal squamous cell carcinoma series es-
tablishing that a cut of 0.09 was clinically significant for improved
outcomes. Other retrospective studies or cancer database registry ana-
lyses on other anatomical subsites confirmed that a lower ratio leads to
improved survival, but the cut-off values varies among studies.

It is clear that current state of evidence on this topic does not allow
to implement the use of LNY and LNR in routine clinical practice [14].

Retrospective and cancer registry studies do not account for proper
stratification of patients. Some evaluations have been made on specific
anatomic subsites only, while others on head and neck cancers as a
whole.

In summary, while some authors have advocated the use of LNY
values just as quality indicators of the surgical procedures performed
[15], many reports arrive at the conclusion that it may be used as a real
prognostic indicator of survival [16–18]. Regarding LNR, it has been
observed that higher values are associated with poorer prognosis
[19–21].

The current challenge is to establish an optimal cut-off value for
both the indicators, given that the different studies report different
values. It should be pointed out that the apparent increase in survival
with higher LNY values does not contradict the fact that selective neck
dissection is the best practice in specific clinical scenarios. Instead,
aiming for a higher LNY also for selective neck dissections would lead
to adequate examination of the lymph-nodes removed and to a more
radical surgery of the levels selected for removal. This last concept
should be more important than the extent of the surgery itself. For
example, if just levels I-III have been dissected, it is likely more im-
portant to have all the lymph nodes removed from that specific levels
rather than a greater absolute number of lymph nodes removed in levels
I-V, but at the same time leaving some pathological tissue behind (eg.
15 lymph nodes removed in levels I-III are likely a better outcome than
17 lymph nodes removed in levels I-V). In other terms, it is desirable
that the cut-off values would be differentiated according to the levels
involved in the dissection, but this will be possible only when data
coming from properly designed prospective studies will give enough
information to do so.

LNR has been found useful in predicting survival, even if clear cut-
off values are needed to be established. As with LNY, also for LNR
different values should be determined on the basis of the neck levels
involved in a neck dissection. A standardized procedure of collecting
and reporting the pathology sample is required to achieve these aims.

With these premises, the present prospective study, with proper
stratification of patients, can allow to achieve agreement on the use of
LNY and LNR in routine clinical practice. We decided to conduct a
multicenter, observational, prospective study to determine if the two
indicators may be added to the TNM staging system of patients affected
by HNSCC of the oral cavity and oropharynx who require neck dis-
section. Our study would allow correlation of the LNY and LNR cut-offs
to the pre-specified categorized variables, thus leading to a more pre-
cise estimate of the real impact of these indicators on prognosis and
hopefully determining better tailored treatment decisions for the pa-
tients affected by oral cavity and oropharyngeal squamous cell carci-
noma.

Table 2
Form used for collection of pathology data.

Data element Response

Fresh tissue received Yes/No Description of pathology techniques used
Procedure performed Brief description of the surgery on primary tumour and neck dissection performed
Pathological depth of invasion In millimeters
Laterality of neck dissection Monolateral/Bilateral
Type of neck dissection Reported according to AHNS/AAOHNS [4]
Specimen dimensions In millimeters
Description of anatomical components included e.g. Submandibular gland, spinal accessory nerve etc.
Lymph nodes retrieved (Lymph Node Yield) number
Number of positive lymph nodes at microscopic examination number
Number of positive lymph nodes over Lymph nodes retrieved (Lymph Node Ratio) number
Presence of extracapsular spread (ECS) Yes/no
In case of ECS, distance of closest margin in mm In millimeters
Perineural invasion Yes/no
Additional observations
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.conctc.2019.100324.
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