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Abstract

Purpose Metastatic lymph node (LN) burden is one of the most important prognosticators in human solid cancers, but has
rarely been examined in laryngeal and hypopharyngeal cancers (LHC). We evaluated the nodal factors predictive of recur-
rence and survival in patients with LHC.

Methods This study included 141 consecutive patients who underwent primary surgery and neck dissection for previously
untreated LHC at our tertiary referral centre. Nodal factors included the presence of pathological LN metastasis, number of
positive LNs, LN ratio, and extra-nodal extension (ENE). Our proposed N classification was analysed by recursive partition-
ing analysis and compared with the AJCC and other N classifications using the c-index. Univariate and multivariate Cox
proportional hazard regression analyses were used to define significant predictors of post-treatment disease-free survival
(DFS) and overall survival (OS).

Results Of the 141 patients, 66 (46.8%) had positive LNs, and 27 (19.1%) had ENE. In multivariate analyses, the number
of positive LNs was strongly associated with DFS and OS outcomes (P <0.01). Our new N classification was proposed with
four categories, such as NO (0 LN +), N1 (1 LN +), N2 (2—4 LN +or ENE) and N3 (>5 LN +). The C-index of our new N
classification improved the OS prediction (0.718) compared with the AJCC and the other N classifications (0.704-0.713).
Conclusion Metastatic LN burden is an important predictor of survival in patients with LHC. A proposed N classification
using the number of positive LNs and ENE might improve the LHC survival prediction.
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Introduction 2015; Bonomi et al. 2018). Surgery has become generally

used as a salvage option after disease failure following a

Laryngohypopharyngeal cancer (LHC) is commonly treated
with primary radiotherapy or concurrent chemoradiotherapy
as potential organ preservation strategy (Forastiere et al.
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non-surgical treatment approach (Koch 2000). Function-
preserving surgery has also evolved along with maintain-
ing a functional larynx with acceptable oncological results
compared to a non-surgical approach (Qian et al. 2014; Ahn
et al. 2017; Kim et al. 2018). The primary surgical approach
is still the standard of care for resectable tumours with extra-
laryngeal extension, coexisting chronic disease and prelaryn-
geal function (Colevas et al. 2018).

The tumour-node-metastasis (TNM) staging manual pro-
posed by the American Joint Committee on Cancer (AJCC)
generally guides the prognosis of patients with cancer. The
nodal (N) classification for head and neck cancer, the AJCC
7th edition staging system published in 2010, was catego-
rised along with the presence of size (<3 cm and >3 cm),
laterality (ipsilateral and bilateral/contralateral) and num-
ber (one and more) of lymph node (LN) metastases to the
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neck (Edge and Compton 2010). The N classification of
the AJCC 8th edition staging recently proposed in 2017
involved extra-nodal extension (ENE) in addition to previ-
ous factors by allocating single positive LN (LN +)<3 cm
with ENE to the N2a category and 1 LN+ >3 cm with ENE
or >2 any LN + with ENE to the N3b category (Amin et al.
2017). However, the AJCC N classifications (7th and 8th
editions) do not include the metastatic LN burden that has
been increasingly suggested as an important prognostic fac-
tor in head and neck cancer (Ebrahimi et al. 2014; Ho et al.
2017,2018).

Recent studies have shown that overall mortality escalates
continuously along with the increased number of LN + (Ho
et al. 2018) and is also associated with a decrease in the
number of LNs retrieved from neck dissection in patients
with head and neck cancer (Divi et al. 2016a). However,
the nodal factors associated with metastatic tumour burden
and ENE need to be examined further in patients with LHC
undergoing primary surgery. Therefore, we evaluated the
nodal factors predictive of recurrence and survival in a LHC
cohort of patients who underwent primary surgery involving
thorough pathological examinations of cervical LNs from
neck dissection. We also examined the role of our proposed
N classification including metastatic LN burden and ENE
compared with the AJCC and the other N classifications.

Materials and methods
Study patients

Electronic records were used to identify patients who were
diagnosed with LHC at our tertiary referral centre from
January 2006 to December 2016. Primary surgery versus
primary radiation or chemoradiation for each patient was
determined by the consensus of our tumour board team.
Inclusion criteria were patients with previously untreated
LHC who underwent curative primary tumour extirpation
and neck dissection, regardless of clinical LN metastasis.
Exclusion criteria included patients who underwent primary
non-surgical treatments, such as radiotherapy, chemoradio-
therapy or induction chemotherapy; referral patients with
recurrent tumours, patients with distant metastases at ini-
tial staging or palliative treatment and patients with other
pathology except squamous cell carcinoma, and those who
were lost to follow-up <2 years after surgery. Patients with
early glottic cancer were also excluded because of unneces-
sary elective neck dissection from a very low rate of occult
metastasis (Jakobsen et al. 1998). Finally, 141 consecutive
patients were included in this study. Tumours were staged
with the AJCC TNM staging manual (7th and 8th editions).
This study was reviewed and approved by our institutional
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review board, and informed consent from each patient was
waived.

All patients underwent surgery combined with or without
postoperative radiotherapy or chemoradiotherapy. Surgery
involved complete resection of loco-regional disease and
therapeutic or elective neck dissection. Therapeutic neck
dissection was performed at cervical levels I-V or I-VI of
patients with a preoperative diagnosis, imaging workups and
high-resolution ultrasonography-guided fine-needle aspira-
tion biopsy. The elective neck dissection was performed at
cervical levels II-IV of patients at risk of occult metastasis
depending on the tumour site and extent, histological grade
and invasion. Patients with bilateral or contralateral neck
involvement or potential involvement underwent bilateral
neck dissection. The neck dissection samples were divided
according to neck side and the levels and were sent for
pathological examination. Tumour pathology, extent, inva-
sion and margin status were examined. The numbers of total
harvested LNs and positive LNs and ENE were carefully and
consistently examined in each patient by a board-certified
pathologist who had clinical experience > 25 years. In addi-
tion, the positive LNs were examined with number of posi-
tive LNs at each cervical level, the largest diameter of the
metastatic LNs, and the presence of ENE in each patient.
ENE was defined as extension of the tumour through the
LN capsule as indicated by the finding of cancer cells or
an associated peritumoural reaction to extracapsular keratin
extension (Apisarnthanarax et al. 2006).

Patients with adverse pathological findings, such as
involved margin, perineural or lymphovascular invasion and
nodal metastasis (Colevas et al. 2018), underwent postopera-
tive intensity-modulated radiotherapy of median 64 Gy total
irradiation dose at 1.8-2 Gy/daily fraction with or without
simultaneous platinum-based chemotherapy. The patients
were followed up at the outpatient clinic every 1-3 months in
the first year, 2—4 months in the second year, every 6 months
in the third to fifth years and annually thereafter (Ahn et al.
2017; Joo et al. 2019). Any lesion suspicious of relapse was
confirmed by biopsy or serial imaging follow-up if a biopsy
was not available. Patients who relapsed underwent salvage
or palliative treatments.

Variables

Clinical and pathological variables were included: age
(> 65 years), sex, smoking (pack-years), alcohol (> 1 drinks/
day), Eastern Cooperative Oncology Group performance sta-
tus (> 1), tumour site (larynx vs. hypopharynx), histologi-
cal grade, perineural invasion, lymphovascular invasion and
surgical margin status. Nodal factors, including the presence
of pathological LN metastasis, number of total harvested and
metastatic LNs, LN ratio and ENE were evaluated. T and N
classifications and overall TNM stage were assessed.
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Statistical analysis

Continuous variables are expressed as mean and standard
deviation or median and range, while categorical variables
are presented as numbers and percentages. Continuous and
categorical variables were compared between the groups
with and without regional metastasis at presentation using
the 7 test and j° or Fisher’s exact test, respectively. Univari-
ate and multivariate Cox proportional hazard regression
analyses were used to define significant predictors of overall
survival (OS), disease-specific survival (DSS) and disease-
free survival (DFS). Variables with multi-collinearity were
separately fit (Vatcheva et al. 2016). The cut-off values for
the optimal number of positive LNs or the LN ratio were
determined using time-dependent receiver operating charac-
teristics (ROC) curve analyses and the area under the ROC
curve (AUC) estimates (Heagerty et al. 2000). Hazard ratios
and 95% confidence intervals (CIs) were estimated. The
Kaplan—Meier and log-rank tests were used to determine
survival and statistical significance, respectively.

A new N classification was proposed by binary recursive
partitioning analysis (RPA), using significant nodal fac-
tors of the number of LNs and ENE that predict survival
(Hothorn et al. 2006). The optimised binary RPA estimated
a conditional interference tree, based on a permutation test
using log-rank statistics with Bonferroni-adjusted P values
for multiple comparisons. The comparison of survival pre-
dictors between the newly proposed N and AJCC 7th and
8th N classifications were assessed by the c-index. The N
classification proposed by Ho et al. (2018) was also com-
pared. The 5-year OS and DSS were also compared among
the different N classifications.

A P value <0.05 was considered significant, and all sta-
tistical tests were two-tailed. The statistical analyses were
performed using SAS 9.4 software (SAS Institute, Cary, NC,
USA).

Results
Patient characteristics

This study included 141 patients [132 male (93.6%) and 9
females (6.4%); median age, 65 years; range 33-78 years].
Table 1 summarises the characteristics of the patients.
Laryngeal and hypopharyngeal cancers were found in 98
(69.5%) and 43 (30.5%) patients, respectively. All study
patients underwent primary surgery and neck dissection.
Ipsilateral and bilateral neck dissection was performed in
44 (31.2%) and 97 (68.8%) patients, respectively, of whom
66 (46.8%) had pathologically positive LNs, and 27 (19.1%)
had ENE. The one, two (median) and three quartile numbers
of LNs harvested were 42, 60 and 84, respectively: <18 LNs

2567
Table 1 Patient characteristics (N=141)
Variable N (%)
Age (years), median (range) 65 (33-78)
Sex
Male 132 (93.6)
Female 9(6.4)
Smoking, > 20 pack-years 107 (75.9)
Alcohol, > 1 drink/day 105 (74.5)
ECOG performance scale, > 1 23 (16.3)
Charlson comorbidity index, > 1 60 (42.6)
Tumour site, larynx/hypopharynx
Larynx 98 (69.5)
Hypopharynx 43 (30.5)
Histologic grade, poorly differentiated 18 (12.8)
Treatment
Surgery alone 60 (42.6)
Surgery plus RT/CRT 67/14 (47.5/9.9)
Neck dissection, ipsilateral/bilateral 44/97 (31.2/68.8)
No. of patients with positive LNs 66 (46.8)
No. of LNs harvested, median (range) 60 (11-161)
No. of positive LNs, median (range) 1(0-21)
Extra-nodal extension 27 (19.1)
Follow-up information
Duration, median (range) 60 (24-134)
Last status
NED 82 (58.2)
DOD/DOC 32/23 (22.7/16.3)
AD 4(2.8)

Recurrence, any site 38 (27.0)

AD alive with disease, CRT concurrent chemoradiotherapy, DOC,
died of other cause, DOD, died of disease, ECOG Eastern Coopera-
tive Oncology Group, LN cervical lymph node, NED no evidence of
disease, RT radiotherapy

were observed in only three (0.9%) patients. The median
(range) number of LNs examined was 51 (11-128) in the
NO patients and 69 (12-161) in the N + patients. The median
(range) number of positive LNs was 1 (0-21) in all study
patients and 2 (1-21) in the N + patients. The one, two
(median) and three quartile numbers of positive LNs in the
N + patients were 1, 2 and 4, respectively: >5 LN + were
observed in 15 (10.6%) patients. At the last follow-up at a
median of 60 months (range 24—-134), 82 (58.2%) patients
were alive without disease; 32 (22.7%) patients died of dis-
ease; 23 (16.3%) patients died of other causes and 4 (2.8%)
were alive with disease. Site relapses were found in 38
(27.0%) patients. The clinical and pathological character-
istics of the patients were compared between the absence
and presence of pathological LN metastasis in Supplemen-
tary Table S1. Most clinical and pathological variables
were comparable between the two groups. Lymphovascular
invasion, numbers of harvested and involved LNs, ENE, T
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and N classifications, postoperative radiotherapy/chemora-
diotherapy and recurrence and deaths were more frequently
found in the N + patients than the NO patients (all P <0.05).
Five-year OS, DSS and DFS rates of all study patients were
65.5% (95% CI, 61.1-69.9%), 76.3% (72.3-80.3%) and 74.3
(70.4-78.2%), respectively.

Association between clinical/pathological factors
and survival

Univariate analyses revealed that tumour differentiation,
number of positive LNs, LN ratio, bilateral and lowest neck
level involvement, and pN classification were significant
factors for all OS, DSS and DFS outcomes (all P <0.05)
(Supplementary Table S2). Age (> 65 years) was a signifi-
cant variable for OS; tumour site (hypopharynx), perineu-
ral and lymphovascular invasion were significant factors
for DSS and DFS (all P <0.05). In multivariate analyses,
tumour differentiation, number of positive LNs and N clas-
sification were independent factors for OS, DSS and DFS

(P <0.05) (Supplementary Table S3). The ENE was not a
significant variable for OS and DFS but only for DSS in a
univariate analysis. The time-dependent ROC curve analyses
showed that the cut-off values for the optimal number of
examined and positive LNs and the LN ratio were 80, 4 and
0.03, respectively. The cut-off of positive LNs (>5) had an
AUC of 0.719 (95% CI 0.615-0.823), with sensitivity and
specificity of 88.3% and 80.5%, respectively, for 5-year OS.
The number of positive LNs and LN ratios had significantly
higher AUCs than the number of examined LNs (P <0.05).

Our proposed N classifications versus the AJCC
and other N classifications

Our proposed N classification included the number of posi-
tive LNs at cut-offs of 0, 1, 2 and 5. The presence of all
pathological ENE was considered the N2 classification.
Therefore, the newly proposed N classification was: NO
(0 LN+), N1 (1 LN+), N2 (2-4 LN +or ENE), and N3
(=5 LN+). Table 2 compares the 5-year OS and DSS rates

Table 2 Overall and disease-free survival for the proposed and AJCC TNM nodal staging systems for laryngohypopharyngeal cancer

N category  Criteria N (%) 5-year OS % (95% CI)  5-year DS % (95% CI)
Proposed N staging system
NO 0 LN+ 66 (46.8)  78.5(72.9-84.1) 89.4 (85.3-93.5)
N1 1 LN+ 21 (14.9)  65.5(54.8-76.2) 79.4 (70.2-88.6)
N2 2-4 LN +or ENE 39 (27.7)  53.4 (44.2-62.6) 66.9 (58.4-75.4)
N3 >5LN+ 15(10.6)  31.0(18.2-43.8) 37.8 (23.1-52.5)
Other N staging system proposed by Ho et al. (2018)
NO 0 LN+ 66 (46.8)  78.5(72.9-84.1) 89.4 (85.3-93.5)
N1 1 LN+ 21 (149)  65.5(54.8-76.2) 79.4 (70.2-88.6)
N2 2-3 LN +or ENE 35(24.8) 59.9 (50.7-69.1) 70.2 (61.6-78.8)
N3a 4-6 LN+ 8(5.7) 46.9 (28.2-65.6) 46.9 (28.2-65.6)
N3b >7LN+ 11 (7.8) 22.5 (8.5-36.5) 30.0 (12.4-47.6)
AJCC 7th edition N staging system
NO 0 LN+ 66 (46.8)  78.5(72.9-84.1) 89.4 (85.3-93.5)
N1 1LN+,<3cm 27 (19.1)  63.8 (54.0-73.6) 75.1 (66.3-83.9)
N2a 1LN+,>3cmbut<6 cm 0 - -
N2b > 2 ipsilateral LN+, <6 cm 33(23.4) 60.8 (51.3-70.3) 73.7 (64.8-82.6)
N2c¢ Bilateral or contralateral >1 LN+,<6 cm 15 (10.6) 28.5 (11.5-32.5) 31.9 (18.9-44.9)
N3 >1LN+>6cm 0 - -
AJCC 8th edition N staging system
NO 0 LN+ 66 (46.8)  78.5(72.9-84.1) 89.4 (85.3-93.5)
N1 1LN+,<3cm 21 (14.9)  65.5(54.8-76.2) 79.4 (70.2-88.6)
N2a 1 any side LN + <3 cm with ENE, or 1 ipsilateral LN+3-6cm 8 (5.7) 71.4 (54.3-91.2) 71.4 (54.3-88.5)
N2b > 2 ipsilateral LN+, <6 cm 20 (14.2)  58.2(46.0-70.4) 75.5 (64.6-86.4)
N2c > 2 bilateral or contralateral LN+,<6 cm 7(5.0) 33.3 (14.1-52.5) 41.7 (19.5-63.9)
N3a >1LN,>6cm 0 - -
N3b 1 LN +>3 cm with ENE or >2 any LN + with ENE 19 (13.5)  41.6 (29.0-54.2) 44.5 (31.3-57.7)

AJCC American Joint Committee on Cancer, CI confidence interval, DSS disease-specific survival, ENE extra-nodal extension, LN lymph node,

OS overall survival
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among ours and the other proposed N classifications. Our
proposed N classification appeared to discriminate sur-
vival rates better than the N staging system proposed by Ho
et al. and the AJCC 7th and 8th edition N staging systems.
The recently proposed AJCC 8th edition N staging system
included the ENE as well as number, size and laterality of
LN+:1 LN+ <3 cm with ENE is allocated to N2a and 1
LN+ >3 cm with ENE or>2 any LN + with ENE is allo-
cated N3b. However, N3b was not well differentiated from
N2c. Figure 1 shows the Kaplan—Meier curves estimating
OS according to the differently proposed N classifications.
Our proposed N classification appeared to be more discrimi-
nating than the other N classifications. In addition, the N
classification was more discriminated in the previous AJCC
version (7th edition) than the recent version (8th edition).
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These results might be more supported by the C-index
analyses shown in Table 3. Our proposed N staging system
appeared to improve the C-index value (0.718) compared to

Table 3 The C-indices of the proposed and AJCC TNM nodal stag-
ing systems on overall survival

N category C-index (95% CI)

Proposed N staging system 0.718 (0.613-0.824)
0.706 (0.601-0.811)
0.713 (0.607-0.819)

0.704 (0.599-0.811)

Other N staging system proposed by Ho et al.
AJCC 7th edition N staging system
AJCC 8th edition N staging system

CI confidence interval, DSS disease-specific survival, OS overall sur-
vival

B Other proposed N staging (Ho et al.)
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Fig. 1 Kaplan—-Meier curves estimating overall survival according to the proposed and AJCC TNM nodal staging systems for laryngohy-
popharyngeal cancer. Log-rank test, P <0.05. ENE extra-nodal extension, LN lymph node
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the AJCC and the other N classifications (0.704-0.713) in
OS predictions. Improved survival discrimination of the pro-
posed N staging system was found for both primary tumour
locations of larynx and hypopharynx (see the Supplementary
Table S4 and Figure S1).

Discussion

The present study showed the prognostic role of metastatic
LN burden in patients with LHC. The incidence rates of
pathologically positive LNs and ENE were 46.8% and
19.1%, respectively. This observation might reflect on the
high proportion of locally advanced tumours (60.3%) and the
inclusion of hypopharyngeal cancer (30.5%) in our cohort.
Previous studies showed incidence rates of 32.9% for posi-
tive LNs from neck dissection in the patients with laryngeal
cancer, 70.8% for locally advanced tumours (Tomik et al.
2001) and 30% for occult LN metastasis even in clinically
NO T3-T4 laryngeal cancer patients, particularly those with
a supraglottic location (Kligerman et al. 1995). Hypopharyn-
geal cancer generally metastasizes more frequently to the
regional neck area than laryngeal cancer with an incidence
of 80% in patients undergoing primary surgery and neck dis-
section (Joo et al. 2015; Suzuki et al. 2016). Regional metas-
tasis of LHC is an ominous factor associated with increased
recurrence and mortality (Jakobsen et al. 1998; Jover-Espla
et al. 2018). Furthermore, the number of LNs involved and
examined has been suggested as a better measure of progno-
sis in patients with head and neck cancer (Divi et al. 2016b;
Kuo et al. 2016; Roberts et al. 2016).

Metastatic LN burden was initially calculated using the
volumetric measurement of positive LNs, with a larger bur-
den indicating poor survival of patients with LHC (Jakobsen
et al. 1998). Later, the quantitative measurement of meta-
static tumour burden was simply considered the number of
positive LNs (Ho et al. 2018). Previous studies have shown
that the number of positive LNs is a critical predictor of
mortality from head and neck cancer, eclipsing other fea-
tures of LN + size and laterality including the AJCC N clas-
sifications (Ebrahimi et al. 2014; Ho et al. 2017, 2018). One
study examined the prognostic role of metastatic LN bur-
den in 14,554 patients with oral cavity cancer identified in
the National Cancer Data Base (NCDB) (Ho et al. 2017).
Overall mortality escalated continuously with an increase in
the number of LN + and decreased along with an increasing
number of total LNs examined (Ho et al. 2017). Another
international multicentre study of 3704 patients with oral
cavity cancer also showed the prognostic value of the num-
ber of LN +regardless of unilateral or bilateral cervical
metastasis (Ebrahimi et al. 2014). The number of LN + was
better for discriminating patient survival of N2b and N2c
in the category of <2, 3—4 and > 5 than the LN laterality
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itself in terms of OS and DSS outcomes in patients with oral
cavity cancer (Ebrahimi et al. 2014). The prognostic role of
metastatic LN burden has also been suggested in patients
with LHC undergoing surgery and neck dissection (Ho et al.
2018). As shown for oral cavity cancer, an increasing num-
ber of LN + continuously escalates overall mortality of LHC
patients without a plateau, while other nodal factors of LN
size, laterality and lower neck involvement are not associ-
ated with mortality (Ho et al. 2018). The present study also
supports these previous findings of the relationship between
metastatic LN burden and post-treatment survival. Metas-
tasis via the lymphatic system decreases antitumor immu-
nity, promotes tumour growth, and disseminates to systemic
tumour burden, which might have impact on ultimate patient
survival (Jones et al. 2018). Quantitative nodal burden might
be considered as a very-high-risk in head and neck cancer
patients benefiting from adjuvant therapy including intensifi-
cation with chemoradiotherapy and immunotherapy (Denaro
and Merlano 2018; Zumsteg et al. 2019), which warrants
additional investigations.

Previous studies have suggested that the number of LNs
examined is associated with survival from head and neck
cancer as shown for the number of LN + (Divi et al. 2016a,
b; Kuo et al. 2016; Ho et al. 2017, 2018). The identifica-
tion of < 18 LNs examined in neck dissection samples was
associated with increased overall mortality (HR 1.24-1.38)
compared with > 18 LNs in a large cohort of patients with
mucosal head and neck cancer (Divi et al. 2016a, b). Another
study showed the same results with a cut-off of 16 LNs for
clinical NO and 26 LNs for clinical N 4+ examined in oral
cavity cancer patients identified from the NCDB (Kuo et al.
2016). These findings suggest that more extensive neck dis-
section is required to improve survival of patients with head
and neck cancer. However, the number of LNs examined was
not associated with DFS, DSS or OS outcomes in our study.
This may have been caused by a limitation in the number
of patients included and the high yield of LNs from neck
dissection (> 18 LNs in 99.1% of study patients). The LN
ratio, numbers of LN +divided by numbers of LN examined
(Zheng et al. 2018), has also been suggested as an important
prognostic factor of recurrence and survival in patients with
LHC (Joo et al. 2015; Suzuki et al. 2016). This was not sup-
ported by the NCDB study that included a large cohort of
12,437 patients with head and neck cancer, showing inferior-
ity of the LN ratio compared to the number of LN + (Roberts
et al. 2016).

The size, number, laterality and ENE included in the
AJCC N classification remain poorly defined among dif-
ferent anatomical sites and pathological types of head and
neck cancers. Recent studies from the NCDB and interna-
tional multicentres have shown that size and laterality are
not strong prognostic indicators in head and neck cancer
(Ebrahimi et al. 2014; Divi et al. 2016a; Ho et al. 2017,
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2018). ENE remains a significant factor for mortality after
surgery for head and neck cancer (Ebrahimi et al. 2014;
Ho et al. 2017, 2018). The modest significance of ENE
in our study may have resulted from the limited number
of patients included. Therefore, the recently proposed N
classification included only two nodal factors, such as
the number of LN + and ENE in a LHC cohort (Ho et al.
2018). The study included 1 LN + with ENE in the N2
category, as in the AJCC 8th edition N classification, and
the N3 category regardless of ENE. The newly proposed
N classification improved the predictive capacity of post-
treatment OS compared to the AJCC 8th edition. In the
present study, the ENE was included only in the N2 cat-
egory. Greater than or equal to 5 LN + was allocated to the
N3 category without subdividing N3a and N3b along with
an increasing number of LN + because of the poor discrim-
ination between N2 and N3a (4-6 LN +) proposed previ-
ously (Ho et al. 2018). Instead, the N3 category included
an increased number of LN + compared with the previous
report. Along with this revision, our proposed N staging
appeared to improve survival predictability compared with
the AJCC 8" edition and the other N classifications. Our
proposed N classification is simple but needs to be vali-
dated in prospective cohort and multicentre/nationwide
studies. Therefore, identifying the metastatic LN burden
might improve the prognostic stratification and the selec-
tion of patients with additional benefits from postoperative
chemoradiotherapy (Zumsteg et al. 2019).

In conclusion, the present study suggests the prognostic
role of metastatic LN burden in patients with LHC who
undergo surgery and neck dissection. Our newly proposed
N classification includes the number of LN + and ENE and
allocates patients to one of four categories of NO (0 LN +),
N1 (1 LN+), N2 (2-4 LN +or ENE) and N3 (>5 LN +).
The new N staging system might improve the predictive
capability of survival in patients with LHC, but needs to
be further validated in a large multicentre cohort.

Funding This study was supported by the National Research Founda-
tion of Korea (NRF) grant, funded by the Ministry of Science and ICT
(MSIT), the Government of Korea (no. 2019R1A2C2002259) (J.-L.R.).

Compliance with ethical standards

Conflict of interest The authors have no conflict of interest to disclose.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional research board and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. This article does
not contain any studies with animals performed by any of the authors.
Informed consent from all individual participants was waived because
of the retrospective nature of this study.

References

Ahn SH, Hong HJ, Kwon SY, Kwon KH, Roh JL, Ryu J, Park JH, Baek
SK, Lee GH, Lee SY, Lee JC, Chung MK, Joo YH, Ji YB, Hah
JH, Kwon M, Park YM, Song CM, Shin SC, Ryu CH, Lee DY,
Lee YC, Chang JW, Jeong HM, Cho JK, Cha W, Chun BJ, Choi 1J,
Choi HG, Lee KD (2017) Guidelines for the surgical management
of laryngeal cancer: Korean Society of Thyroid-Head and Neck
Surgery. Clin Exp Otorhinolaryngol 10(1):1-43

Amin MB, Greene FL, Byrd DR, Brookland RK, Washington MK
(eds) (2017) AJCC cancer staging manual, 8th edn. Springer, New
York, pp 149-161

Apisarnthanarax S, Elliott DD, El-Naggar AK, Asper JA, Blanco A,
Ang KK, Garden AS, Morrison WH, Rosenthal D, Weber RS,
Chao KS (2006) Determining optimal clinical target volume mar-
gins in head-and-neck cancer based on microscopic extracapsular
extension of metastatic neck nodes. Int J Radiat Oncol Biol Phys
64(3):678-683

Bonomi MR, Blakaj A, Blakaj D (2018) Organ preservation for
advanced larynx cancer: a review of chemotherapy and radiation
combination strategies. Oral Oncol 86:301-306

Colevas AD, Yom SS, Pfister DG, Spencer S, Adelstein D, Adkins
D, Brizel DM, Burtness B, Busse PM, Caudell JJ, Cmelak AJ,
Eisele DW, Fenton M, Foote RL, Gilbert J, Gillison ML, Haddad
RI, Hicks WL, Hitchcock YJ, Jimeno A, Leizman D, Maghami
E, Mell LK, Mittal BB, Pinto HA, Ridge JA, Rocco J, Rodriguez
CP, Shah JP, Weber RS, Witek M, Worden F, Zhen W, Burns
JL, Darlow SD (2018) NCCN guidelines insights: head and neck
cancers, version 1.2018. J Natl Compr Canc Netw 16(5):479-490

Denaro N, Merlano MC (2018) Immunotherapy in head and neck squa-
mous cell cancer. Clin Exp Otorhinolaryngol 11(4):217-223

Divi V, Chen MM, Nussenbaum B, Rhoads KF, Sirjani DB, Holsinger
FC, Shah JL, Hara W (2016a) Lymph node count from neck dis-
section predicts mortality in head and neck cancer. J Clin Oncol
34(32):3892-3897

Divi V, Harris J, Harari PM, Cooper JS, McHugh J, Bell D, Sturgis
EM, Cmelak AJ, Suntharalingam M, Raben D, Kim H, Spencer
SA, Laramore GE, Trotti A, Foote RL, Schultz C, Thorstad WL,
Zhang QE, Le QT, Holsinger FC (2016b) Establishing quality
indicators for neck dissection: correlating the number of lymph
nodes with oncologic outcomes (NRG Oncology RTOG 9501 and
RTOG 0234). Cancer 122(22):3464-3471

Ebrahimi A, Gil Z, Amit M, Yen TC, Liao CT, Chaturvedi P, Agarwal
JP, Kowalski LP, Kohler HF, Kreppel M, Cernea CR, Brandao J,
Bachar G, Bolzoni Villaret A, Fliss D, Fridman E, Robbins KT,
Shah JP, Patel SG, Clark JR (2014) The prognosis of N2b and N2c
lymph node disease in oral squamous cell carcinoma is determined
by the number of metastatic lymph nodes rather than laterality:
evidence to support a revision of the American Joint Committee
on Cancer staging system. Cancer 120(13):1968-1974

Edge SB, Compton CC (2010) The American Joint Committee on Can-
cer: the 7th edition of the AJCC cancer staging manual and the
future of TNM. Ann Surg Oncol 17(6):1471-1474

Forastiere AA, Weber RS, Trotti A (2015) Organ preservation for
advanced larynx cancer: issues and outcomes. J Clin Oncol
33(29):3262-3268

Heagerty PJ, Lumley T, Pepe MS (2000) Time-dependent ROC curves
for censored survival data and a diagnostic marker. Biometrics
56(2):337-344

Ho AS, Kim S, Tighiouart M, Gudino C, Mita A, Scher KS, Laury
A, Prasad R, Shiao SL, Van Eyk JE, Zumsteg ZS (2017) Meta-
static lymph node burden and survival in oral cavity cancer. J Clin
Oncol 35(31):3601-3609

Ho AS, Kim S, Tighiouart M, Gudino C, Mita A, Scher KS, Laury A,
Prasad R, Shiao SL, Ali N, Patio C, Mallen-St Clair J, Van Eyk JE,

@ Springer



2572

Journal of Cancer Research and Clinical Oncology (2019) 145:2565-2572

Zumsteg ZS (2018) Association of quantitative metastatic lymph
node burden with survival in hypopharyngeal and laryngeal can-
cer. JAMA Oncol 4(7):985-989

Hothorn T, Hornik K, Zeileis A (2006) Unbiased recursive partition-
ing: a conditional inference framework. J Comput Graph Stat
15(3):651-674

Jakobsen J, Hansen O, Jorgensen KE, Bastholt L (1998) Lymph node
metastases from laryngeal and pharyngeal carcinomas—calcula-
tion of burden of metastasis and its impact on prognosis. Acta
Oncol 37(5):489-493

Jones D, Pereira ER, Padera TP (2018) Growth and immune evasion
of lymph node metastasis. Front Oncol 8:36

Joo YH, Cho KJ, Kim SY, Kim MS (2015) Prognostic significance of
lymph node density in patients with hypopharyngeal squamous
cell carcinoma. Ann Surg Oncol 22(Suppl 3):S1014-S1019

Joo YH, Cho JK, Koo BS, Kwon M, Kwon SK, Kwon SY, Kim MS,
Kim JK, Kim H, Nam I, Roh JL, Park YM, Park IS, Park JJ, Shin
SC, Ahn SH, Won S, Ryu CH, Yoon TM, Lee G, Lee DY, Lee
MC, Lee JK, Lee JC, Lim JY, Chang JW, Jang JY, Chung MK,
Jung YS, Cho JG, Choi YS, Choi JS, Lee GH, Chung PS (2019)
Guidelines for the surgical management of oral cancer: Korean
Society of Thyroid-Head and Neck Surgery. Clin Exp Otorhi-
nolaryngol 12(2):107-144

Jover-Espla AG, Palazon-Bru A, Folgado-de la Rosa DM, Severa-Fer-
randiz G, Sancho-Mestre M, de Juan-Herrero J, Gil-Guillen VF
(2018) A predictive model for recurrence in patients with glottic
cancer implemented in a mobile application for Android. Oral
Oncol 80:82-88

Kim BH, Park SJ, Jeong WJ, Ahn SH (2018) Comparison of treatment
outcomes for T3 glottic squamous cell carcinoma: a meta-analysis.
Clin Exp Otorhinolaryngol 11(1):1-8

Kligerman J, Olivatto LO, Lima RA, Freitas EQ, Soares JR, Dias FL,
Melo LE, Sa GM, Duccini E (1995) Elective neck dissection in
the treatment of T3/T4 NO squamous cell carcinoma of the larynx.
Am J Surg 170(5):436-439

Koch WM (2000) Head and neck surgery in the era of organ preserva-
tion therapy. Semin Oncol 27(4 Suppl 8):5-12

Kuo P, Mehra S, Sosa JA, Roman SA, Husain ZA, Burtness BA, Tate
JP, Yarbrough WG, Judson BL (2016) Proposing prognostic

@ Springer

thresholds for lymph node yield in clinically lymph node-nega-
tive and lymph node-positive cancers of the oral cavity. Cancer
122(23):3624-3631

Qian W, Zhu G, Wang Y, Wang X, Ji Q, Wang Y, Dou S (2014) Multi-
modality management for loco-regionally advanced laryngeal
and hypopharyngeal cancer: balancing the benefit of efficacy and
functional preservation. Med Oncol 31(9):178

Roberts TJ, Colevas AD, Hara W, Holsinger FC, Oakley-Girvan I,
Divi V (2016) Number of positive nodes is superior to the lymph
node ratio and American Joint Committee on Cancer N staging
for the prognosis of surgically treated head and neck squamous
cell carcinomas. Cancer 122(9):1388-1397

Suzuki H, Matoba T, Hanai N, Nishikawa D, Fukuda Y, Koide Y,
Hasegawa Y (2016) Lymph node ratio predicts survival in
hypopharyngeal cancer with positive lymph node metastasis. Eur
Arch Otorhinolaryngol 273(12):4595-4600

Tomik J, Skladzien J, Modrzejewski M (2001) Evaluation of cervical
lymph node metastasis of 1400 patients with cancer of the larynx.
Auris Nasus Larynx 28(3):233-240

Vatcheva KP, Lee M, McCormick JB, Rahbar MH (2016) Multicollin-
earity in regression analyses conducted in epidemiologic studies.
Epidemiology (Sunnyvale) 6(2):227

Zheng CM, Ji YB, Song CM, Ge MH, Tae K (2018) Number of meta-
static lymph nodes and ratio of metastatic lymph nodes to total
number of retrieved lymph nodes are risk factors for recurrence in
patients with clinically node negative papillary thyroid carcinoma.
Clin Exp Otorhinolaryngol 11(1):58-64

Zumsteg ZS, Luu M, Kim S, Tighiouart M, Mita A, Scher KS, Lu DP,
Shiao SL, Mallen-St Clair J, Ho AS (2019) Quantitative lymph
node burden as a ‘very-high-risk’ factor identifying head and neck
cancer patients benefiting from postoperative chemoradiation.
Ann Oncol 30(1):76-84

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Metastatic lymph node burden predictive of survival in patients undergoing primary surgery for laryngeal and hypopharyngeal cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study patients
	Variables
	Statistical analysis

	Results
	Patient characteristics
	Association between clinicalpathological factors and survival
	Our proposed N classifications versus the AJCC and other N classifications

	Discussion
	References




