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ABSTRACT
In head and neck squamous cell carcinoma (HNSCC), the search for better prognostic
factors beyond TNM-stage is ongoing. Lymph node ratio (LNR) (positive lymph nodes/total

lymph nodes) is gaining interest in view of its potential prognostic significance.

All HNSCC patients at the Netherlands Cancer Institute undergoing neck dissection for
lymph node metastases in the neck region between 2002 and 2012 (n = 176) were inclu-
ded. Based on a protocol change in specimen processing, the cohort was subdivided in two
distinct consecutive periods (pre and post 2007). The prognostic value of LNR, N-stage, and

number of positive lymph nodes for overall survival was assessed.

The mean number of examined lymph nodes after 2007 was significantly

higher (42.3) than before (35.8) (p = 0.024). The higher number concerned mostly lymph
nodes in level V. The mean number of positive lymph nodes before 2007 was 3.3 vs. 3.6

after 2007 (p = 0.745). By multivariate analysis of both pre- and post-2007 cohort data, two
factors remained associated with an increased hazard of dying: N2 [HR 2.1 (1.1-4.1) and 2.4
(1.0-5.8)] and >3 positive lymph nodes [HR 2.0 (1.1-3.5) and 3.1 (1.4-6.9)]. Hazard ratio
for LNR >7 % was not significantly different: pre 2007 at 2.2 (1.3-3.8) and post 2007 at 2.1
(1.0-4.8, p = 0.053).

In this study, changes in specimen processing influenced LNR values, but not the total
number of tumor positive nodes found. Therefore, in HNSCC, the number of positive nodes
seems a more reliable parameter than LNR, provided a minimum number of lymph nodes

are examined.

Keywords Prognosis .Lymph nodemetastases . Lymph node ratio . Staging . Head and neck

cancer



INTRODUCTION

Lymph node metastases are among the most important independent

prognostic factors in head and neck carcinoma®'?' and, as a consequence, N-stage has a
significant influence on treatment choice. In addition, the number of metastatic lymph no-
des, contra-lateral lymph node status, level (s) involved, and extracapsular extension (ECE)
are independent prognostic parameters and contribute to further tailoring of treatment®

21, However, the value of N-stage as prognostic indicator is under discussion, in particular
for patients after postoperative radiotherapy »*>%. Bernier et al compared the results of two
trials (EORTC #22931 and RTOG #9501) which studied postoperative chemo-radiotherapy
of locally advanced head and neck squamous cell carcinoma?. They found as a prognostic
factor, for both loco-regional recurrence and survival, involvement of resection margins
and ECE is more significant than N-stage. Others reported similar findings in patients who
had undergone complete surgical excision and postoperative radiotherapy”?>%. In a recent
study, however, ECE lost its prognostic significance in patients who had undergone postope-
rative radiotherapy'’. For malignancies other than head and neck cancer, the lymph node

ratio (LNR), the proportion of lymph nodes with metastases relative to the total number of

examined lymph nodes, has emerged as an important prognostic parameter in surgically
treated patients®'>!*13 In colorectal cancer, LNR is a significant prognostic factor for a
5-year overall survival (OS) and disease-specific survival (DSS)'. For gastric cancer, by mul-
tivariate analysis, LNR but not N-category emerged as an independent prognostic factor for
overall survival'®. Data on the prognostic influence of LNR in head and neck cancer predo-
minantly focus on surgically treated oral cavity carcinomas (Table 1), and show poor prog-
nosis in patients with higher LNR values®# 12-16.23-25,29-32.34,36.37 Tn g recent multi-institutional
study on oral cavity carcinoma, reliability and applicability of the LNR were assessed in
predicting outcome®. An LNR above 7 % was associated with a significantly increased risk
of death from oral cancer [multivariate HR 1.62 (p = 0.004)]. In a multivariate model, TNM
with LNR (TLNRM) stage was superior to TNM stage. However, LNR is a derivative of two
variables which are both related to the lymph nodes “harvested” from surgical specimens.
To investigate the effect of these two variables, we compared in two consecutive time frames,
which differed in the method of processing of neck dissection specimens, the prognostic

impact of LNR, traditional N-stage, and the number of positive lymph nodes found.



PATIENTS AND METHODS

PATIENTS

Medical records of all 522 head and neck cancer patients, undergoing a (modified) radical
[(M) RND] or selective neck dissection (SND) for squamous cell cancer of the larynx, hy-
popharynx, oropharynx, and oral cavity between 2002 and 2012, were retrieved. We did not
include patients with a stage pNO or pN3 (the latter often representing clusters of metastatic
lymph nodes) and patients with a prior neck dissection or prior radiotherapy, as the number
of lymph nodes in these specimens is influenced by previous treatment (s) or cannot be

reliably counted®. In total, 176 patients were included in the study.

SPECIMEN PROCESSING

All neck dissections were performed in the same institute by experienced head and neck
surgeons. Levels of dissection were classified according to the guidelines of the American
Head and Neck Society*. Between 2002 and 2007, pathologists performed macroscopic
examination of the specimen.

From 2007 to 2012, pathology technicians processed the specimens according to a standard
protocol, which included a more thorough examination of the neck dissection specimen and
yielded a higher number of examined lymph nodes [20]. Cutoft value for high and low LNR

was set at 7 %, based upon a large international series of >4000 patients®.

STATISTICAL ANALYSIS

Median overall survival (OS) was calculated using the Kaplan-Meier method. OS was
defined as time between surgery and death.We evaluated the prognostic effect of T-stage,
N-stage, ECE, LNR and number of positive nodes, sex, age, adjuvant therapy, and number
of evaluated nodes. Univariate significant factors were retained in the final multivariate Cox
regression model. Analyses were done separately for the time periods before and after 2007.
Outcome analyses were done for individual patients. Categorical data were analyzed using
chi-square test or Fisher’s exact, normally distributed continuous data using t test. Trend
tests were based on the p value of the coefficient for the continuous variable. Significance
levels were set at <0.05. All analyses were done by PASW statistics 20.0 (SPSS Inc. Chicago).



Table 1. Literature overview: lymph node ratio as survival predictor in head and neck cancer

Author Year Site n N+ Ntot LNR cut off | OS/DSS
Shrime[14] 2009 Oral cavity 2955 3 26 (N1) 0% - 6%, 6% - [N}
32 (N2) 12.5%, >12.5%
Gil[18] 2009 Oral cavity 386 3 35 6% OS/DSS
Suslu[23] 2010 Larynx, hypopharynx, 142 2 n.a. 4% OS / DSS
oral cavity, oropharynx,
skin
Ebrahimi[17] 2010 Oral cavity 313 3 27 2.5% - 7.5%, OS/DSS
7.5% - 20%,
>20%
Kim[19] 2011 Oral cavity 211 2 25 6% DSS
Liao[20] 2011 Oral cavity 148 I-111 3, I-11T 40. 4.8% OS/DSS
1-V5 1-V 57
Rudra[21] 2013 Oropharynx, 38 na. na. 2% OS/DFS
Oral cavity,
CUP, Larynx
Hypo-pharynx
Kiinzel[26] 2013 Oropharynx 384 4 4 10% DSS
Sayed[22] 2013 Oral cavity 1408 3 3 8.8% 0OS / DSS
Patel[16] 2013 Oral cavity 4254 3 3 7% OS/DSS
‘Wang|[24] 2014 Hypopharynx 916 2 2 RO -0,R1 CSS/0S
- <5%, R2
-5-30%, R3 -
>30%
Kiinzel[25] 2014 Oral cavity 374 3 3 5% - 7% DSS
‘Wang|[29] 2014 Larynx 1963 2 2 R1 - <9%, R2 [oN]
-9-20%, R3 -
>20%
Prabhu[27] 2014 Larynx, oral cavity 350 n.a. n.a. 20% LRR
Reinisch[28] 2014 HNSCC 291 n.a. n.a. 6% OS, LRR
Kiinzel[30] 2015 Larynx 202 3 3 5%, 7%, 9% DSS

Abbreviations: OS - overall survival, DSS - disease specific survival, DFS - disease free survival, LNR - lymph node ratio, CSS - cause specific
survival, LRR - locoregionall recurrence. N+ — mean number of positive LN found, Ntot — mean total number of LN examined, n.a. - not
available, HNSCC - head and neck squamous cell carcinoma, CUP - carcinoma of unknown primary




RESULTS

PATIENT CHARACTERISTICS (TABLE 2)

Of the 176 patients who met the inclusion criteria, 118 (67 %) were male and 58 (33 %) were
female. Of the patients, 13 % had laryngeal, 3 % hypopharyngeal, 19 % oropharyngeal, and
64 % oral cavity cancer. Of the 33 oropharyngeal tumors, 17 (52 %) were HPV positive. The
pre-2007 period contained 30 oropharynx carcinoma patients, of whom 15 were HPV
positive. The majority of patients (135; 77 %) underwent a (Modified) Radical Neck Dissec-
tion [(M)RND] and 41 (33 %). a selective neck dissection. Details about the different

types of neck dissection are listed in Table 3. The majority of patients (61 %) underwent
postoperative radiotherapy and 21 % were treated with postoperative concurrent cispla-
tin-based chemo-radiotherapy. Less than half of the patients (40 %) suffered from recurrent
disease. Of those, 20 % had a loco-regional recurrence without distant metastases and 20%
had distant metastases (some in addition to locoregional recurrent disease). Patient charac-
teristics did not significantly differ between the periods before and after October 2007,
except for tumor site, as after 2007, there were significantly less oropharyngeal carcinomas
(27 vs. 5 %, p = 0.004). Patient, tumor, and treatment characteristics were equally distributed

between both groups.

LYMPH NODE PARAMETERS

The mean number of examined lymph nodes was 38.1 (range 7-100; median 36). Mean LNR
was 8 % (range 1—77 %; median 5 %) (Table 2). There was no difference in LNR between
SND and (M) RND (p = 0.757). The mean number of examined lymph nodes in the period
after the change in protocol was significantly higher (35.8 before and 42.3 after

October 2007; p = 0,024) (Table 2). The increased number was notably on account of more
lymph nodes in level V (Table 3). The mean number of detected lymph node metastases

was not significantly different between the two periods (3.6 vs. 3.3 nodes; p = 0.745) (Table
2). Also, N-stage distribution was similar (p = 0.740).



‘Table 2. Demographic distribution

Total Pre 2007 Post 2007 p-value
n % n n %
Age
<65 116 66 73 65 43 68 0.624
265 60 34 40 35 20 32
Sex
Male 118 67 79 70 39 62 0.279
Female 58 33 34 30 24 38
Tumor site
Larynx 24 14 17 15 7 11 0.004
Hypopharynx 6 3 5 4 1 2
Oral cavity 13 64 61 54 52 83
Oropharynx 33 19 30 27 3 5
HPV+ 17 52 15 50 2 67
HPV- 11 33 10 33 1 33
HPV doubtful 3 9 3 10 - -
HPV na. 2 6 2 7
Tstage
T1-2 %0 51 58 51 32 51 0.867
T3-4 71 40 40 35 31 49
Tx 15 9 15 13 - -
N-stage
N1 64 36 37 33 27 43 0.740
N2a 12 7 11 10 1 2
N2b 78 4 48 43 30 48
N2c 2 13 17 15 5 8
ECE
Absent 90 51 49 43 41 65 0554
Present 82 47 61 54 21 33
Unknown 4 2 3 3 1 2
Additional therapy
None 2 14 8 7 16 25 0070
Radiotherapy 108 61 75 66 33 52
Concurrent chemo-radiation 37 21 25 22 12 19
Other 7 4 5 4 2 3
‘Type of dissection
MRND 135 77 %0 80 45 71 0.151
SND 41 24 23 20 18 29
Level I1-V 9 2 7 6 2 3
Level I-1V 6 15 1 1 5 8
Level I-111 14 34 6 5 8 13
Level II-IV 12 29 9 8 3 5
Vital status.
Alive 93 53 57 50 36 57
Death 83 47 56 50 27 43
LNR (Mean (range) 102 (1.2-90.9) 108 (1.5-90.9) 9.0 (1.2-66.7) 0382
Number of positive nodes (Mean (range) 3.5(1-45) 3.6 (1-45) 3(1-22) 0.745
Lymph node yield (Mean (range) 38.1(7-100) 35.8 (9-100) 423(7-83) 0024

Abbreviations: HPV — human papilloma virus, n.a. - not available - ECE -extracapsular extension, MRND - modified radical neck dissection, SND —
selective neck dissection, LNR - lymph node ratio




OVERALL SURVIVAL (TABLE 4)

Median overall survival of the cohort was 71 months (95%CI 45-97 months), in which 83
events occurred. There was no significant difference in overall survival between the two time
periods (p = 0.270). Cox regression analysis of the period before October 2007

yielded as significant prognostic factors for overall survival LNR >7 % HR 2.2 (95 % CI
1.3-3.8), T3-4 HR 2.0 (95 % CI 1.1-3.6), N2 HR 2.1(95 % CI 1.1-4.1), and the number of
positive lymph nodes >3 HR 2.0 (95 % CI 1.1-3.5). For the period after October 2007, these
were N2 HR 2.4 (95 % CI 1.0-5.8), ECE HR 2.5 (95 % CI 1.1-5.3), and number of positive
nodes >3 HR 3.1 (95 % CI 1.4-6.9). After exclusion of patients with HPV-positive orop-
haryngeal carcinoma, HRs were similar except for T-stage which was no longer significant.
Adding individual lymph node parameters in a multivariate model did not change the out-
come of the analysis. Since LNR and number of positive lymph nodes are continuous
variables, a similar multivariate model introducing step-wise LNR and number of positive
nodes as continuous variables was performed, indicating trend p values of positive lymph
nodes and LNR as listed in Table 4.

Table 3. Number of examined and positive nodes by level and year

Mean examined nodes Mean positive nodes

Pre 2007 Post 2007 Pre 2007 Post 2007
MRND
Level I-V 36.0 47.2 35 3.4
SND 34.1 51.5 5.0 2.5
Level II-V 14.0 25.6 3.0 1.4
Level I-11T 34.0 24.8 35 43
Level II-1IV 38.9 37.3 3.0 3.7
Total 35.8 423 3.6 33
Abbreviations: MRND: Modified radical neck dissection, SND: selective neck dissection




‘Table 4. Multivariate Cox regression analysis for overall survival

Before October 2007 After October 2007

HPV + included HPV + excluded HPV + included HPV + excluded

HR(95%CD) | p-value | HR (95% CI) pvalue | HR(95%CD) | p-value HR (95% CI) p-value

T-classification

T3-4vs. T1-2 20(11-36) | 0023 1.7(09-32) 0.09 1.6 (0.8-3.5) 0216 1.7 (0.8 - 3.6) 0.18

Extra capsular extension

ECE + vs. ECE - 1.4 (0.8-2.4) 0253 1.3 (07 - 2.4) 035 25(1.1-53) 0.024 25(1.1-53) 0.02

LNR

>7% vs. < =7% 22(13-38) <0.001* 19(1.1-32) 0.03 2.1(1.0-4.8) 0.086* 20 (0.9 - 4.4) 0.07

Positive nodes

>3vs. <=3 201135 | <0001 | 16(09-3.0) 012 31(14-69) 0.037* 32(15-7.1) 0.004

N-classification

N2vs. N1 2.1(1.1-4.1) 0.026 21(11-41) 0.03 24(1.0-5.8) 0.044 24(1.0-56) 0.05

DISCUSSION

LNR is a ratio, based upon the number of tumor-positive lymph nodes in a neck dissection
specimen as numerator and the total number of lymph nodes as denominator. The potential
advantage of LNR relative to the number of metastatic nodes only is that LNR takes into ac-
count both parameters. Studies on the prognostic value of LNR are part of an international
search for accurate and objective staging methods. The prognostic value of LNR has been
demonstrated in a variety of cancer types®'"'*13% including head and neck cancer (see
Table 1)&812-1623-25,29-32,34.36,37 Geveral authors' > have suggested that LNR might be added
to the current TNM staging. Based upon a series of more than 4000 oral cancer patients,
Patel et al. reported that LNR is superior to the current N-stage* and suggested to include
LNR as a rule in TNM staging.

In a recent paper, however, Roberts et al”” questioned the role of LNR as a prognostic factor
for HNSCC on a multivariate analysis of 12,437 patients. They did not confirm prognostic
significance of LNR, whereas the prognostic value of pN and AJCC stage was confirmed.
Gleisner et al’ also questioned the value of the total number of examined lymph nodes in a
SEER database study on a series of 154, 208 colorectal cancer patients and found that outco-
me for patients with the same LNR could be completely different. As an example, a patient
with one metastasis in a single examined lymph node (LNR = 1) had a better prognosis than
a patient with 12 metastases in 12 lymph nodes (LNR = 1). Examination of a single lymph
node probably represented serious under-sampling. Their conclusion was that the number
of positive lymph nodes is a better indicator of survival than the LNR. We have previously
shown that the total number of examined nodes varies significantly between different me-

thods of neck dissection specimen processing®.




The present study documents that a more detailed protocol applied by pathology technicians
resulted in a significantly higher number of harvested lymph nodes, while the lower mean
LNR (from 10.8 to 9.0 %) and range (from 1.5-90.9 % to 1.2-66.7%) were not statistically
significant. The latter may be due to the low number of cases collected since 2007. Many of
the additional lymph nodes were found in level V, where lymph nodes as a rule are rather
small. It is unlikely that the higher number of lymph nodes can be attributed to a change in
surgical technique as this has not changed being performed by a stable group of surgeons

in our institution. It is more likely that the difference in the number is due to the intro-
duction of a stricter protocol executed by pathology technicians. The observation that the
mean number of positive lymph nodes did not change significantly lends credibility to this
assumption. Our data show that the prognostic value of three lymph node statusassociated
prognostic factors, total number, number of nodes with metastases, and LNR, is influenced
by variations in pathology

specimen processing.We document intra-institutional variation but contend that this can
be extrapolated to interinstitutional variations in specimen processing. Why LNR does not
emerge uniformly as valuable prognostic factor is clarified by the results of our study in that
different lymph node procurement protocols result in different yield with an effect on LNR.
The finding that prognostic significance of LNR was not different between the two time
frames while that of the number of positive lymph nodes appeared stronger after 2007 me-
rits some comments. A higher yield of lymph nodes not accompanied by more lymph node
metastases only dilutes LNR importance. The importance of LNR is that it provides insight
into the quality of lymph node dissection/sampling. For other cancer types, this problem has
been addressed by requiring examination of a minimum number of lymph nodes, resulting
in a quality indicator of at least 10-12 evaluated lymph nodes in colon cancer [4]. A recent
paper on lymph node sampling in colon cancer showed that a higher yield of lymph nodes
does not necessarily increase the number of nodes with metastases or of lymph node-posi-
tive cases®. The UICC guideline states that selective neck dissection ordinarily

includes 6, and (modified) radical neck dissection ordinarily includes 10 lymph nodes” and
Bif lymph nodes are negative, but the number ordinarily examined is not met, they have to
classify as pNOA [33]. This statement does not clarify what the minimum number of lymph
nodes is to qualify sampling of a neck dissection specimen as sufficient. The numbers stated
in the UICC guideline seem to be very low, as in the literature reviewed; for our study, we

found 23 as the lowest number of sampled lymph nodes (Table 1).



We argue that a minimum number of lymph node samples from a MRND should be 20
rather than the 10 required by the UICC. A limitation of our study is that several impor-
tant elements differ from previously published studies on the subject. The majority of our
patients underwent a modified radical neck dissection. This is important, since MRND in-
cludes level V lymph nodes but SND does not, which dilutes LNR significantly. Furthermo-
re, changes in the treatment protocol, such as inclusion in 2010 of postoperative chemo-ra-
diotherapy in cases with positive tumor resection margins and ECE, might have influenced
impact of lymph node-related prognostic factors. A final issue is that we included all head
and neck squamous cell carcinomas and not only oral cavity cancer as most other studies®
812.14,16.23,29.31 'which we consider justified because lymph node staging and its prognostic
value are not different between head and neck subsites. However, for HPV-positive tumors,
TNM stage is less predictive®, and therefore, we performed the multivariate analyses twice,

including HPV-positive tumors and excluding HPV-positive tumors.

In conclusion, we show that LNR is prognostic in head and neck cancer. However, as LNR
varies according to the protocols applied for processing of neck dissection specimens which
may vary between institutions and in time, it is subject to important variability.We find that
the number of positive lymph nodes is as least as good as LNR but less susceptible to vari-
ation, provided that lymph node sampling is adequate. The requirement for the minimum
number of lymph nodes to be examined in an MRND specimen should be increased from
the presently UICC required number of 10 to 20.




REFERENCES

1.

10.

11.

12.

13.

14.

Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer R], Macdonald JS, Catalano PJ,
Haller DG (2005) Colon cancer survival is associated with decreasing ratio of metastatic to
examined lymph nodes. J Clin Oncol 23:8706-8712. doi:10.1200/JC0.2005.02.8852

Bernier ], Cooper JS, Pajak TE, van Glabbeke M, Bourhis J, Forastiere A, Ozsahin EM,
Jacobs JR, Jassem J, Ang KK, Lefebvre JL (2005) Defining risk levels in locally

advanced head and neck cancers: a comparative analysis of concurrent postoperative
radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (# 9501. Head Neck
27:843-850. doi:10.1002/hed.20279

Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefebvre JL, Greiner RH, Giralt J,
Maingon P, Rolland E, Bolla M, Cognetti E, Bourhis ], Kirkpatrick A, van Glabbeke M (2004)
Postoperative irradiation with or without concomitant chemotherapy for locally advanced
head and neck cancer. N Engl ] Med 350:1945-1952. doi:10.1056/NEJMoa032641

Chang GJ, Rodriguez-Bigas MA, Skibber JM, Moyer VA (2007) Lymph node evaluation
and survival after curative resection of colon cancer: systematic review. ] Natl Cancer Inst
99:433-441.d0i:10.1093/jnci/djk092

Dahlstrom KR, Garden AS,WNW]Jr, LimMY, Sturgis EM(2016) Proposed staging system
for patients with HPV-related oropharyngeal cancer based on nasopharyngeal cancer
N categories. ] Clin Oncol 34:1848-1854. doi:10.1200/JC0.2015.64.6448

Ebrahimi A, Clark JR, ZhangW], Elliott MS, Gao K, Milross CG, Shannon KF (2011)
Lymph node ratio as an independent prognostic factor in oral squamous cell carcinoma.
Head Neck 33:1245-1251. doi:10.1002/hed.21600

Freeman DE, Mendenhall WM, Parsons JT, Million RR (1992) Does neck stage influence
local control in squamous cell carcinomas of the head and neck? Int J Radiat Oncol Biol
Phys 23:733-736

Gil Z, CarlsonDL, Boyle JO, Kraus DH, Shah JP, Shaha AR, Singh B, Wong R]J, Patel SG
(2009) Lymph node density is a significant predictor of outcome in patients with oral cancer.
Cancer 115:5700- 5710. doi:10.1002/cncr.24631

Gleisner AL, Mogal H, Dodson R, Efron ], Gearhart S, Wick E, Lidor A, Herman JM, Pawlik
TM (2013) Nodal status, number of lymph nodes examined, and lymph node ratio: what
defines prognosis after resection of colon adenocarcinoma? JAmColl Surg 217: 1090-1100.
doi:10.1016/j.jamcollsurg.2013.07.404

Herman MP, Dagan R, Amdur R], Morris CG, Werning JW, Vaysberg M, Mendenhall WM
(2015) Postoperative radiotherapy for patients at high risk of recurrence of oral cavity
squamous cell carcinoma. Laryngoscope 125:630-635. doi:10.1002/lary.24938

Herr HW (2003) Superiority of ratio based lymph node staging for bladder cancer. J Urol
169:943-945. d0i:10.1097/01. ju.0000032474.22093.06

Kim SY, Nam SY, Choi SH, Cho KJ, Roh JL (2011) Prognostic value of lymph node density in
node-positive patients with oral squamous cell carcinoma. Ann Surg Oncol 18:2310-2317.
doi:10.1245/s10434-011-1614-6

Kunzel ], Mantsopoulos K, Psychogios G, Agaimy A, Grundtner P, Koch M, Iro H (2015)
Lymph node ratio is of limited value for the decision-making process in the treatment

of patients with laryngeal cancer European archives of oto-rhino-laryngology: official
journal of the European Federation of Oto-Rhino-Laryngological. Societies 272:453-461.
doi:10.1007/s00405-014-2997-3

Kunzel J, Mantsopoulos K, Psychogios G, Grundtner P, Koch M, Iro H (2014) Lymph node
ratio as a valuable additional predictor of outcome in selected patients with oral cavity

cancer. Oral surgery, oral medicine, oral pathology and oral radiology 117:677-
684. d0i:10.1016/j.0000.2014.02.032



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kunzel J, Psychogios G, Mantsopoulos K, Grundtner PWaldfahrer F, Iro H (2014) Lymph
node ratio as a predictor of outcome in patients with oropharyngeal cancer European
archives of oto-rhino-laryngology: official journal of the European Federation of Oto-
Rhino-Laryngological. Societies 271:1171-1180.

Liao CT, Hsueh C, Lee LY, Lin CY, Fan KH,WangHM, Huang SE, Chen IH, Kang CJ, Ng SH,
Tsao CK, Huang YC, Yen TC (2012) Neck dissection field and lymph node density predict
prognosis in patients with oral cavity cancer and pathological node metastases treated with
adjuvant therapy. Oral Oncol 48:329-336.

Mamelle G, Pampurik J, Luboinski B, Lancar R, Lusinchi A, Bosq J (1994) Lymph node
prognostic factors in head and neck squamous cell carcinomas. Am J Surg 168:494-498

Marchet A, Mocellin S, Ambrosi A, Morgagni P, Garcea D, Marrelli D, Roviello F, de
Manzoni G, Minicozzi A, Natalini G, De Santis F, Baiocchi L, Coniglio A, Nitti D (2007) The
ratio between metastatic and examined lymph nodes (N ratio) is an independent prognostic
factor in gastric cancer regardless of the type of lymphadenectomy: results from an Italian
multicentric study in 1853 patients. Ann Surg 245:543-552.

Mariette C, Piessen G, Briez N, Triboulet JP (2008) The number of metastatic lymph nodes
and the ratio between metastatic and examined lymph nodes are independent prognostic
factors in esophageal cancer regardless of neoadjuvant chemoradiation or lymphadenectomy
extent. Ann Surg 247:365-371.

Marres CC, de Ridder M, Hegger I, van Velthuysen ML, Hauptmann M, Navran A, Balm AJ
(2014) The influence of nodal yield in neck dissections on lymph node ratio in head and
neck cancer. Oral Oncol 50:59 - 64 .

Olsen KD, Caruso M, Foote RL, Stanley R], Lewis JE, Buskirk SJ, Frassica DA, DeSanto LW,
O’Fallon WM, Hoverman VR (1994) Primary head and neck cancer. Histopathologic
predictors of recurrence after neck dissection in patients with lymph node involvement.
Arch Otolaryngol Head Neck Surg 120:1370-1374

Parsons JT, Mendenhall WM, Stringer SP, Cassisi NJ, Million RR (1997) An analysis of
factors influencing the outcome of postoperative irradiation for squamous cell carcinoma of
the oral cavity. Int ] Radiat Oncol Biol Phys 39:137-148

Patel SG, Amit M, Yen TC, Liao CT, Chaturvedi P, Agarwal JP, Kowalski LP, Ebrahimi A,
Clark JR, Cernea CR, Brandao SJ, Kreppel M, Zoller J, Fliss D, Fridman E, Bachar G,
Shpitzer T, Bolzoni VA, Patel PR, Jonnalagadda S, Robbins KT, Shah JP, Gil Z (2013) Lymph
node density in oral cavity cancer: results of the international consortium for outcomes
research. Br ] Cancer.

Prabhu RS, Hanasoge S, Magliocca KR, Hall WA, Chen SA, Higgins KA, Saba NF, El-Deiry
M, Grist W, Wadsworth JT, Chen AY, Beitler JJ (2014) Lymph node ratio influence on risk of
head and neck cancer locoregional recurrence after initial surgical resection: implications for
adjuvant therapy. Head Neck.

Reinisch S, Kruse A, Bredell M, Lubbers HT, Gander T, Lanzer M (2014) Is lymph-node
ratio a superior predictor than lymph node status for recurrence-free and overall survival in
patients with head and neck squamous cell carcinoma? Ann Surg Oncol 21:1912- 1918.
Robbins KT, Shaha AR, Medina JE, Califano JA,Wolf GT, Ferlito A, Som PM, Day TA (2008)
Consensus statement on the classification and terminology of neck dissection. Arch Oto
laryngol Head Neck Surg 134:536-538.

Roberts T7, 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 122:1388-1397.

Rudoltz MS, Benammar A, Mohiuddin M (1995) Does pathologic node status affect local
control in patients with carcinoma of the head and neck treated with radical surgery and
postoperative radiotherapy? Int ] Radiat Oncol Biol Phys 31:503-508.




29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

Rudra S, Spiotto MT, Witt ME, Blair EA, Stenson K, Haraf DJ (2013) Lymph node density—
prognostic valuein head and neck cancer. Head Neck.
Sayed SI, Sharma S, Rane P, Vaishampayan S, Talole S, Chaturvedi P, Chaukar D, Deshmukh
A, Agarwal JP, D’Cruz AK (2013) Can metastatic lymph node ratio (LNR) predict survival in
oral cavity cancer patients? ] Surg Oncol 108:256-263.

Shingaki S, Takada M, Sasai K, Bibi R, Kobayashi T, Nomura T, Saito C (2003) Impact of
lymph node metastasis on the pattern of failure and survival in oral carcinomas. Am J Surg
185:278-284

Shrime MG, Ma C, Gullane PJ, Gilbert RW, Irish JC, Brown DH, Goldstein DP (2009)
Impact of nodal ratio on survival in squamous cell carcinoma of the oral cavity. Head Neck
31:1129-1136.

Sobin LHGMKWC (2009) The classification ofmalignant tumours 7th edition.

Suslu N, Hosal AS, Sozeri B (2010) Prognostic value of metastatic lymph node ratio in
node-positive head and neck carcinomas. Am J Otolaryngol 31:315-319.

van Erning FN, Crolla RM, Rutten H]J, Beerepoot LV, van Krieken JH, VE L (2014) No
change in lymph node positivity rate despite increased lymph node yield and improved
survival in colon cancer. Eur ] Cancer 50:3221-3229.

Wang YL, Feng SH, Zhu J, Zhu GP, Li S,Wang Y, Zhu YX, Sun GH, Ji QH (2013) Impact of
lymph node ratio on the survival of patients with hypopharyngeal squamous cell carcinoma:
a population-based analysis. PLoS One 8:e56613.

Wang YL, Li DS, Wang Y, Wang ZY, Ji QH (2014) Lymph node ratio for postoperative sta
ging of laryngeal squamous cell carcinoma with lymph node metastasis. PLoS One 9:e87037.
WoodwardWA, Vinh-Hung V, Ueno NT, Cheng YC, Royce M, Tai P, Vlastos G, Wallace AM,
Hortobagyi GN, Nieto Y (2006) Prognostic value of nodal ratios in node-positive breast
cancer. ] Clin Oncol 24:2910-2916.



SUPPLEMENTAL MATERIAL

Supplement table 1.

Model 1 Model 2 Model 3

<okt2007 >okt2007 <okt2007 >0kt2007 <okt2007 >okt2007
Sex 0.836 (0.622) | 1.109 (0.797) | 0.817 (0.576) | 1.016 (0.968) | 0.890 (0.746) | 0.886 (0.765)
T_group 1.752 (0.076) | 1.374(0.424) | 1.970(0.025) | 1.644 (0.205) | 1.880 (0.038) | 1.688 (0.180
ECE 1.345 (0.289) | 1.712 (0.242) | 1.190 (0.540) | 2.259 (0.042) | 1.261 (0.407) | 1.971 (0.111)
Pos LN 1.832 (0.089) | 2.973(0.008) | * * * *
LNR * * 2.184 (0.011) | 2.150 (0.050) | * *
N_group * * * * 1.957 (0.074) | 2.538 (0.037)

Abbreviations: ECE: extra capsular extension, LN: lymph node, LNR: lymph node ratio

Supplement table 2. Univariate analysis

<2007 >2007

HR 95% CI p HR 95% CI P
Sex 1.025 0.574-1.831 0.925 1.059 0.486-2.305 0.854
T_group 1.993 1.100-3.613 0.018 1.622 0.754-3.489 0.204
ECE 1.375 0.797-2.373 0.274 2.453 1.126-5.344 0.031
Pos LN 1.985 1.119-3.520 0.010 3.134 1.421-6.911 0.002
Pos LN_cont | 1.113 1.065-1.162 <0.001 1.072 1.005-1.143 0.021
LNR 2.165 1.250-3.751 0.006 1.978 0.921-4.249 0.080
LNR_cont 1.044 1.026-1.062 <0.001 1.029 1.006-1.052 0.011
N_group 2.121 1.096-4.107 0.018 2.436 1.026-5.782 0.031
Nodal yield 0.992 0.977-1.008 0.280 1.003 0.982-1.024 0.650
Abbreviations: HR: hazard ratio, ECE: extra capsular extension, LN: lymph node, LNR: lymph node ratio




