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Abstract

Background: Logarithmic ratio of positive lymph nodes (LODDS), number of positive lymph nodes
(NPLN), and number of lymph nodes to positive lymph nodes (pLNR) are three lymph node

classifications; however, their function in prognosis is unclear.

Purpose: To establish and validate an optimal nomogram according to the comparison among the 7t
TNM stage of American Joint Committee on Cancer (AJCC) and the three lymph node classifications.

Methods: A total of 881 patients from the Surveillance, Epidemiology and End Result (SEER database)
with T1.4Ni3Mo in laryngeal squamous cell carcinoma from 2000 to 2018 were involved. The enrolled
patients were allocated randomly into a training cohort and a validation cohort. Univariate cox regression
analysis and multivariable cox regression analysis were applied to explore the predictors. The Akaike
Information Criterion (AIC) and Harrell’s concordance index (C-index) were to measure the predictive
value and the accuracy of the prognostic models. Moreover, integrated discrimination improvement (IDI)
and net reclassification index (NRI) were also used to assess the predictive abilities to models. According
to the optimal model, nomograms were established and compared with 7th TNM stage of AJCC via the

decision curve analysis.

Results: NPLN, LODDS, and pLNR were three predictors for the overall and cancer-specific survival in
the larynx squamous cell carcinoma. According to the AIC, C-index, IDI, and NRI, the model of NPLN
combined with LODDS was assumed as the optimal prognostic model. Moreover, the decision curve
analysis suggested that the nomogram demonstrated a better predictive performance, compared with the

7t AJCC TNM stage.

Conclusion: The proposed nomograms we constructed for larynx squamous cell carcinoma has

potential in the prediction of patients after surgery.

Key words: SEER database; Nomogram; Larynx squamous cell carcinoma; Number of lymph nodes to positive

lymph nodes; Logarithmic ratio of positive lymph nodes; Number of positive lymph nodes
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Introduction

Head and neck carcinoma comprise 4% burden
each year in the United States, and is the leading cause
of cancer-specific death in the world [1]. Laryngeal
squamous cell carcinoma (LSCC), originating from
the laryngeal mucosal epithelium, is a common
subtype of head and neck carcinoma that accounted
for 184,615 new cases and 99,840 deaths in 2020 [2].
LSCC is characterized by occult activity, with
approximately 60% of the patients in advanced stages
at the time of diagnosis [3]. Moreover, LSCC is
predisposed to cervical lymph node metastasis and
local infiltration, which seriously affects the survival
rate of patients [4]. Current treatment options for
early LSCC are improving, which includes surgery,
radiotherapy, and chemotherapy [5]. In recent years,
despite the advances in treatment, LSCC remains a
severe health issue.

Most of the latest prognostic studies focus on
head and neck squamous cell carcinoma, while the
prognostic model of low-grade squamous cell
carcinoma is rarely studied. Additionally, the
prognosis of patients with LSCC is currently mainly
based on the American Joint Commission on Cancer
(AJCC) 7th edition Tumor, Lymph node, Metastasis
(TNM) staging system, where stage N is determined
by the lymphatic area involved [6]. However, the
AJCC system could not solve the problem of lymph
node heterogeneity, which is clinically important.
Currently, some scholars have indicated that the
number of positive lymph nodes (NPLNs), positive
lymph node ratio (pLNR), and log odds of positive
lymph nodes (LODDS) can serve as tools for
predicting the prognosis of solid cancer [7, 8].
However, it remains unclear whether these three
lymph node classification systems could provide a
better prognosis than the AJCC system for patients
with LSCC. LODDS and pLNR are ratio-based nodal
evaluation methods, both of which include the
NPLNs. LODDS was calculated as follows: LODDS =
log (NPLN + 0.50/NDLN - NPLN + 0.50), where
NPLN is defined as the number of positive lymph
node and NDLN is defined as the number of dissected
lymph nodes. pLNR was calculated as follows: pLNR
= NPLN / NDLN [9-13].

The Surveillance, Epidemiology, and End
Results (SEER) Database, a database of cancer
incidence and survival rates in the United States, is
complete and comprehensive [14]. Our objective was
to first compare the predictive effect of the
classification of NPLN, LODDS, and pLNR of patients
with LSCC on the long-term survival prognosis.
Second, we established and validated models to
construct selective staging systems to enable the
prediction of long-term cancer-specific and overall

survival (OS) in these patients using node region
information and number of examinations.

Methods and Materials

Data selection

We obtained data from the SEER databases,
which contains the data for approximately 34.6%
population in the United States, with the SEER*Stat
Software (the version is 8.3.9.2). The dataset we chose
for the statistical research is the ‘Incidence SEER 18
Registries Customs Data (with additional treatment
fields), and the Nov 2020 Sub (2000-2018)" and the
username for downloading the statistics is:
11363-Nov2020 [15]. The histology and site of the
primary tumors were coded from the 34 edition of the
International Classification of Diseases for Oncology
(ICD-0-3).

Cohort classification

A total of 881 patients from the SEER database
were selected for our research. The inclusion criteria
were as follows: (I) The site and morphology were
chosen as “Larynx” according to the TNM 7/CS
v0204+Schema in the SEER*Stat software, (II) Patients
in the cohort diagnosed with T1.4N1.3M, from 2000 to
2018 according to the AJCC 7t edition, (III) Patients
who were diagnosed with primary LSCC with site
codes C32.0, C32.1, C32.2, C32.8, and C32.9, and (IV)
Positive pathology confirmation of the histological
type as squamous carcinoma (8071/3, 8072/3, 8074/3,
8082/3, and 8083/3) based on ICD-O-3 His/Behave.
Patients were excluded for the following reasons: (I)
Missing or unknown clinical patients information, (II)
Survival time of patients was equal to 0 months, (III)
Less than one regional lymph node examination or
surgery that does not involve lymph node removal,
(IV) Patients receiving preoperative radiotherapy, (V)
Patients with multiple primary cancers, (VI) Lack of
information on NDLN, NPLN, and TNM stage and
survival outcomes, (VII) The stage according to AJCC
were inconformity to T1.4N13My; (VIII) Diagnosis not
confirmed by positive histology and death certificates
or autopsy. The process of filtering the data is shown
in Figure S1.

Data Processing

After data filtering, additional classification was
carried out. Age, NPLN, LODDS, as well as pLNR
were considered as continuous variables; the other
factors excluding these were considered as categorical
variables. Marital status in our study included single,
married, discovered, and others. We classified the
number of lymph node dissection in patients as 1 to 3,
4 or more, and others. In several clinical studies, the
correlation is not linear between the continuous
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variables and the outcomes; thus, the clinical
application of the continuous variables is challenging.
We used X-tile software to identify the best threshold
for the survival data [16]. The software performs
statistical tests on different values as cutoff values,
and the optimal cutoff value is identified as the
smallest p-value result. Five continuous variables
(Age, Tumor size, NPLN, LODDS, and pLNR) were
trichotomized via the X-tile software. For the OS
cohort, age was categorized into 23-64, 65-70, and 71
years and more, while in the cancer-specific survival
(CSS) cohort age was categorized into 23-63, 64-70,
and 71 years and more. Tumor size was divided into
low size (1-21 mm), middle size (22-53 mm), and high
size (54-110 mm) in the OS cohort, while in the CSS
cohort, tumor size was divided into low size (1 -30
mm), middle size (31-48 mm) and high size (49-110
mm). LODDS was grouped into low LODDS (-2.26 to
-1.36), middle LODDS (-1.35 to -0.93), and high
LODDS (-0.93 to 0.70) in the OS cohort, while in the
CSS cohort, LODDS was grouped into low LODDS
(-2.26 to -1.35), middle LODDS (-1.34 to -0.87), high
LODDS (-0.86 to 0.7). pLNR was divided into low
PLNR(0 to 0.04), middle pLNR (0.05 to 0.09), high
pLNR (-0.93 to 0.70) in the OS cohort; while pLNR
was divided into low pLNR (0 to 0.04), middle pLNR
(0.05 to 0.11), and high pLNR (0.34 to 1) in the CSS
cohort. NPLN was divided into low NPLN (0-1),
middle NPLN (2-5), high NPLN (6-43) in both the OS
and CSS cohort.

In our study, we chose OS and CSS as the
primary endpoints. OS was defined as the time from
the beginning to death from any causes. CSS was
defined as the time until cancer results in the death of
the individual. The prognosis and follow-up
information from the SEER database are updated
regularly, with the latest data published in 2020.

Establishment of a prognostic model

To distinct the prognostic model, continuous
variables were converted to rank variables or
categorical variables and presented as counts and
proportions. The enrolled patients were randomly
allocated into a training and a validation cohort by 7:3
proportion, analyzing the clinical prognostic
information for those two groups. Univariate cox
regression analysis was applied to define the potential
prognostic factors in the training cohort [17]. After
excluding the non-statistically significant prognostic
factors, the remaining statistical significance factors (p
<0.1) were included in the multivariate cox regression
analysis. 95% confidence intervals (CI) and Hazard
ratio (HR) were also presented. Secondly, we
examined the correlation between the model of NPLN,
PLNR, and LODDS of the overall status, training

cohort, and validation cohort. Thirdly, we included
NPLN, pLNR, LODDS, pLNR + NPLN, and LODDS +
NPLN into five disparate multivariate Cox regression
models. The performance prediction of these five
models was evaluated by the statistical model fit,
discriminatory ability, and accuracy. The Akaike
Information Criterion (AIC) was to evaluate the fit for
the statistical model [18]. Harrell’s concordance index
(C-index) was applied to measure the accuracy and
discriminatory ability for the predictive models [19].
The net reclassification index (NRI) and integrated
discrimination improvement (IDI) index were used to
assess improvement in the predictive models.

Construction of the nomograms

The multivariate cox regression models of OS
and CSS were converted to nomograms with
optimized performance prediction, which were
constructed using the R software [20]. Moreover, 1-,
3-, and 5-year OS and CSS were calibrated via
calibration curves to compare the nomogram-
predicted survival with the actual survival [21].
Decision curve analysis (DCA) was used for the
comparison among the TNM stage and the nomogram
[22].

Statistical Analysis

We used R (version 4.1.1) to perform all the
statistical tests. Kaplan-Meier analysis was used to
calculate the survival time in both OS and CSS, and
the log-rank test was used to analyze the differences
in the survival curves. Spearman’s correlation
coefficients were used to confirm collinearity among
the variables. The correlation coefficient between the
two independent variables considered as absence of
multicollinearity was less than 0.7 [23]. All the tests
deemed as statistically significant were two-sided,
and a p value < 0.05 was set.

Results

Clinicopathological Characteristics

The SEER program currently collects and
publishes the morbidity, treatment information, and
survival data from more than 26% of the population-
based cancer registries in the United States. Overall, a
total of 59,526 patients diagnosed with LSCC between
January 2010 and December 2015 were enrolled in the
research. After adoption of the screening criteria, 881
patients were incorporated in the final study cohort,
of which 615 were assigned to the training cohort and
266 to the validation cohort. The basic characteristics
of the patients in both the training and validation
cohorts are displayed in Table 1. The median age at
diagnosis was 61 years.
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Table 1. Baseline characteristics of training cohort and external
validation cohort

Total Training cohort Validation cohort p-value
N % N %
Numbers of 881 615 69.81 266 30.19
patients
Age (years)
median (IQR) 61 (54-68) 60 (55-68) 0.9182
Sex
Female 160 102 63.75 58 36.25 0.1277
Male 721 513 71.15 208 28.85
Race
Black 663 464 69.98 199 30.02 1
White 173 120 69.36 53 30.64
Other 45 31 68.89 14 31.11
Laterality
One site 125 93 74.40 32 25.60 0.3549
Bilateral site 14 11 78.57 3 21.43
Not a paired site 742 511 68.87 231 31.13
Marital status
Single 319 227 71.16 92 28.84 0.9230
Married 362 249 68.78 113 31.22
Discovered 80 56 70.00 24 30.00
Others 120 83 69.17 37 30.83
Primary site
Glottis 206 149 72.33 57 27.67 0.8144
Supraglottis 454 318 70.04 136 29.96
Subglottis 24 16 66.67 8 33.33
Overlapping 82 54 65.85 28 34.15
lesion of larynx
Larynx, NOS 115 78 67.83 37 3217
Grade
T (Well) 39 30 76.92 9 23.08 0.5638
II (Moderately) 473 334 70.61 139 29.39
III (Poorly) 352 237 67.33 115 32.67
IV (Anaplastic) 7 4 57.14 3 42.86
AJCC 7th stage group
I 151 101 66.89 50 33.11 0.5354
IVA 693 486 70.13 207 29.87
VB 37 28 75.68 9 24.32
AJCC 7t T stage
T1 50 33 66.00 17 34.00 0.9354
T2 108 76 70.37 32 29.63
T3 239 166 69.46 73 30.54
T4 484 340 70.25 144 29.75
AJCC 7% N stage
N1 298 205 68.79 93 31.21 0.5574
N2 555 388 69.91 167 30.09
N3 28 22 78.57 6 21.43
Lymph node dissection
1to3 33 24 72.73 9 27.27 0.968
4 and more 831 579 69.68 252 30.32
other 17 12 70.59 5 29.41
NDLN
0-20 183 132 7213 51 27.87 0.6587
21-40 236 168 71.19 68 28.81
41 and more 468 321 68.59 147 31.41
NPLN 0.1672
median (IQR) 2(1~4) 2(1~4)
Tumor Size (mm) 0.1025
median (IQR) 36 (28 ~47) 35 (28 ~ 45)
PLNR 0.3638
median (IQR) 0.063 (0.030 ~ 0.149)  0.058 (0.027 ~ 0.131)
LODDS 0.2509
median (IQR) -1.086 (-1.386~-0.699) -1.140 (-1.1424 ~ -0.7685)
Radiotherapy
Yes 658 453 68.84 205 31.16 0.3251
No 223 162 72.65 61 27.35
Chemotherapy
Yes 403 289 71.71 114 28.29 1
No 478 326 68.20 152 31.80

Survival analysis

The median survival-months’ time on the whole
was 10 months upon calculating the time from patient
admission to the cutoff date for analysis [24]. As
displayed in Figure 1, patients with a high value of
pLNR, LODDS, and NPLN have a significant
correlation with lower OS and CSS rates that the
log-rank test is p < 0.05. However, there was a
significant correlation between the pLNR and LODDS
(Spearman correlation is 0.9); moreover, there was no
significant association among the NPLN and the other
variables in the three datasets, which includes the
overall set, the training cohort as well as the
validation cohort (Figure 2). Thus, we constructed five
models of pLNR, LODDS, NPLN, pLNR + NPLN, and
LODDS + NPLN to investigate the predictive
potential.

Univariate cox regression analysis included the
following factors: age, sex, race, marital status, grade,
laterality, primary site, AJCC 7t T stage, AJCC 7" N
stage, AJCC 7th M stage, tumor size, lymph node
dissection, pLNR, NPLN, LODDS, radiotherapy
condition, and chemotherapy condition. The
prognostic factors involved in the multivariate cox
regression analysis were the factors with significant
differences (p < 0.1) in the univariate cox regression
analysis for both OS and CSS. Additionally, we
incorporated five models, NPLN, pLNR, LODDS,
pLNR + NPLN, and LODDS + NPLN, into the
multivariate cox regression models. The cox
regression analyses revealed that sex, primary site,
race, chemotherapy, and T classification have no
significance on both the OS and CSS. The results for
the univariate cox regression analysis of both the OS
and CSS are displayed in Figure 3, and those of the
multivariate cox regression analysis are shown in
Figure 4.

Comparison of the predictive performance
among the models

We tested the AIC among the five models and
found that LODDS + NPLN demonstrated lower AIC
than the other four models. The trend was similar to
the C-index, which showed that the model of LODDS
with NPLN displayed higher accuracy than the other
four models (Table 2). In other words, the model of
LODDS + NPLN exhibited superior predictive
potential than the other four models. The comparison
between LODDS with NPLN and the other models
using integrated discrimination improvement (IDI)
and net reclassification index (NRI) are displayed in
Table 2 [25]. Both IDI and NRI values were less than 0,
illustrating that the model of LODDS combined with
NPLN had a better predicting performance.

https://lwww.jcancer.org



Journal of Cancer 2022, Vol. 13

1777

Ai PLNR = Low < Middie— High i LODDS < Low = Middla< High
1.00 1.00
B ]
E 0.75- E 075
2 @
% 050 % 020
g g
3 oa2s 3 025
p=1e-04
0.00- 0.00
o 25 50 100 0 25 50 100
Time (Months) Time (Months)
Number at risk W Number at risk
4 £ =] 59 1
Z migaie] 151 78 48 20 5 Qu ::-l 208 13 6 24 6
Q. Hgh] 234 48 9 3 8 11 1 1 ]
] ES &0 150 = [) F 50 00
Time (Months) Time (Months)
Aii PLNR == Low == Middie— High Bii LODDS < Low = Middle— High
1.00 1.00
£ £
2 075 = 075
5 5
@ @
% 050 % 050
§ 0.25 l% 0.25
p =0.0022 p <0.0001
0.00 0.00
0 25 50 100 [] % 50 100
Time (Months) Time (Months)
Number at risk @ Number at risk
4 ] 8 a 63 2 8
< wiodie] 186 ) 55 21 5 O masel 23 e 2% 7
A High| 196 34 42 & Q “High 9 4 1 3
] 50 100 [] F 50 100
Time (Months) Time (Months)
Aiii PLNR = Low = Middie— High Biii LODDS+ Low = Middie~ High
1.00 1.00
g £
2 075 & 075
2 2
@ @
% 050 % 050
5 =
g g
3 o028 3 028
p=0011 p=0.0079
0.00: 0.00:
0 25 50 100 0 25 50 100
Time (Months) Time (Months)
Number at risk Number at risk
2 m{ & - t B ,1 4 b g
A High| a7 2 8 8 9 Hg 2 s 1
] 50 100 [ % 50 75 160
Time (Months) Time (Months)
AiV PLNR < Low = Middle— High BW LODDS = Low == Middle High
1.00: 1.00
s ]
E 0.75- s 075
2 @
'é 050 % 050
] a3
E E
S 025 3 025
p =0.0074 p =0.004
0.00- 0.00
] 25 50 100 [] 25 50 100
Time (Months) Time (Months)
Number at risk 7] Number at risk
- ) ] ] 9 oo B 54 4 1 4
v 76 4 18 4 1 da 54 23 11 2
i o B ! : § ; ] ‘
[] E3 w0 100 F3 50 75 100
Time (Months) Time (Months)

PLNR - Low = Middle= High

Cumulative survival
3
g

0.25;
p =0.0074
04
0 25 50 75 100
Time (Months)
Number at risk
['4 3
imm{ 76 46 18
figh| 88 46 2
) E3 150
Time (Months)
cii NPLN < Low - Middie = High
1.00
£
2 075
5
@
2
% 0.50:
=
O 025
p=0011
0.00
o 25 50 100
Time (Months)
Number at risk
z 4 1 4 13
2 riig 1 4 21
] ES 50 100
Time (Months)
Ciii PLNR -+ Low = Middie—~ High
1.00
E
& 075
a
% 0.50;
=
3 025 p=0011
0.00:
o 25 50 100
Time (Months)
Number at risk
@ . s . . i
z ,.“.-.-4 S P 3 %
B High] 4 ] s
) E3 50 180
Time (Months)
civ NPLN < Low = Middie— High
1.00
g
¢ 075
3
'é 050
3
5
QO 025
p =0.0058
0.00
0 25 50 100
Time (Months)
Number at risk
7 211 11 4 13
157 81 43 18 3
[ E3 E 3 100
Time (Months)

Figure 1. Kaplan-Meier analysis of OS and CSS for patients with high, middle, and low pLNR in training cohort [(Ai), OS; (Aii), CSS] and validation cohort [(Aiii), OS; (Aiv), CSS];
for patients with high, middle, and low LODDS in training cohort [(Bi), OS; (Bii), CSS] and validation cohort [(Biii), OS; (Biv), CSS]; for patients with high, middle, and low NPLN
in training cohort [(Ci), OS; (Cii), CSS] and validation cohort [(Ciii), OS; (Civ), CSS].
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Figure 2. Correlation among variables in overall cohort (A), training cohort (B) and validation cohort (C). pLNR shows the significance correlation with LODDS in three

cohorts.
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Figure 3. The forest plot for univariate cox regression analysis in OS (A) and CSS (B). *Means: p < 0.1; ** Means: p < 0.05; ***Means: p < 0.01.

Construction and validation of the nomograms

The nomogram for OS consisted of nine
prognostic factors: grade, marital status, N stage,
tumor size, NPLN, LODDS, age, radiotherapy
situation, and lymph node dissection (Figure 5A).
Likewise, the nomogram for CSS has also been
established (Figure 5B). The 1-, 3-, and 5-year survival
for both OS and CSS could be calculated via those

nomograms. As can be seen from the nomogram for
OS, NPLN contributed the most to this nomogram,
followed by marital status, tumor size, and other
variates. While interestingly, for CSS, marital status
had the greatest effect, followed by NPLN and lymph
node dissection. Each of these variables corresponds
to a score on the score sheet. Upon adding up the
points, the total score can be obtained, then drawing a
line below the total score.
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Figure 4. Multivariate cox regression analysis and forest plot of prognostic predictors for OS (A) and CSS (B). *Means: p < 0.1; ** Means: p < 0.05; **Means: p < 0.01.
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Table 2. Comparison of prognostic models in the training cohort

Model AIC C-index NRI (95%CI) p value DI (95%CT) p value
Cancer-specific survival

NPLN 3670.673 0.64 —0.001 (-0.034 to 0.019) 0.32 -0.003 ( —0.006 to —0.001) 0.002
LODDS 3667.561 0.645 —0.000 (-0.054 to 0.029) 0.884 —0.001 (-0.002 to 0.014) 0.580
pLNR 3670.350 0.641 -0.002 (~0.004 to —0.000) <0.001 -0.006 (~0.008 to —0.004) <0.001
PLNR + NPLN 3672.063 0.642 -0.006 (~0.010 to —0.002) <0.001 -0.101 (-0.142 to —0.0879) <0.001
LODDS + NPLN 3665.249 0.671 Reference Reference

Overall survival

NPLN 4929.827 0.635 -0.008 (~0.013 to —0.005) <0.001 -0.006 (-0.010 to —0.002) <0.001
LODDS 4929.366 0.633 -0.067 (-0.131 to 0.039) 0.266 -0.001 (~0.002 to —0.000) 0.023
pLNR 2932.002 0.628 —0.094 (-0.125 to —0.068) <0.001 -0.004 (-0.006 to —0.003) <0.001
PLNR + NPLN 4928.131 0.649 -0.088 (-0.136 to —0.066) <0.001 -0.002 (-0.003 to —0.000) <0.001
LODDS + NPLN 4925.764 0.654 Reference Reference

The bootstrap self-sampling method was used to
calculate the C-index for OS and CSS in the training
cohort, which was 0.654 and 0.671, respectively (Table
2). The predicted calibration curves for the 1-, 3-, and
5-year OS and CSS in the training (Figure 6A, 6B) and
validation cohort (Figure 6C, 6D) were similar to the
standard curves. The DCA curves of the OS and CSS
(Figure 7) demonstrate that LODDS + NPLN has good
predictive power for patient prognosis for both the
training and validation cohorts.

Risk stratification

Each patient in the training cohort and
validation cohort were calculated the total score,
divided the score into OS (min-127.03, 127.04-155.53,
155.53-184.23, 184.24-max) and CSS (min-111.02,
111.03-141.66, 141.67-176.33, 176.34-max) quartiles
represent different results. After stratifying the
patients according to quartiles, statistically significant
differences were observed between the OS (Figure 8A,
8C) and CSS (Figure 8B, 8D).
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Discussion

Recently, as increasingly many indicators have
been identified as prognostic factors for predicting
LSCC, the conventional AJCC staging system has
gradually lost its power to assess the prognosis. The
primary reason is that the AJCC stage is mainly based
on the anatomical location of lymph nodes, which
could not adequately reflect the disease status. In the
last two decades, the LODDS and pLNR have
garnered great interest. In the studies by Persiain et al.
and Hou X et al,, LODDS and pLNR have a better

predictive value for the survival time [7, 26]. Thus,
based on the different lymph node classifications, we
constructed different models to figure out the
superior predictive potential for prognosis. In our
study, we filtrated data from the SEER database,
determining the prognostic risk factors based on the
cox regression analysis. We concluded that pLNR,
NPLN, and LODDS are important factors affecting the
survival of patients with T1.4N1.3My LSCC and could
be applied to predict the prognosis of these patients.
The results of the multiple risk factors were
visualized, and it was proved that those factors had a
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significant influence on the prognosis of the patients
with LSCC. The value of the C-index, calibration
curve, as well as the DCA curve also demonstrated
that the nomogram we constructed has good clinical
prediction ability. In addition, risk stratification
demonstrated the feasibility of the nomogram in
patients with clinically different cancer stages.

To treat patients with LSCC effectively and
accurately, prognostic factors that may influence
survival are to be considered. Nowadays, AJCC stage
of carcinoma of the larynx is mainly based on the
anatomical location of the lymph nodes, without
considering the number and ratio of the positive
lymph nodes. However, the pLNR, LODDS, and
NPLN were demonstrated as independent prognostic
predictors previously, during the release of AJCC 7th
guidelines. We demonstrated that the NPLN, LODDS,
and pLNR were independent predictors; pLNR has
significant correlation, and LODDS combined with
NPLN has a pivotal effect on the prognosis. Thus,
future studies should focus on the prognostic value of
LODDS and NPLN.
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To our knowledge, this is the first new model
that combines LODDS and NPLN to predict
long-term survival in patients with LSCC. Previous
research has focused on the comparison of the lymph
node ratio [27]; we creatively incorporated the
LODDS and NPLN in a prognosis model, which
strengthened the TNM staging and utilized the
valuable pathological evidence for surgery. We
believe when compared with the other four models,
LODDS + NPLN shows the most significant
predictive potential, that is, the higher the value of
LODDS with NPLN, the lower the value of OS and
CSS. Future treatment strategies need to be studied
for better patient survival.

We demonstrated that the patients who received
radiotherapy were correlated with a better CSS or OS
compared with those who were not treated with
radiotherapy. Our results are consistent with the
actual condition of the clinical treatment. Owing to
sensitivity to chemotherapy drugs, many patients opt
for radiotherapy as adjuvant therapy in clinical
practice [1]. Another interesting finding in our study
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Figure 8. Kaplan-Meier curves of OS and CSS for patients with risk stratification quartering in the training cohort OS (A), CSS (B) and validation cohort OS (B), CSS (D).

https://lwww.jcancer.org



Journal of Cancer 2022, Vol. 13

1783

was that the T stage had no influence on both the OS
and CSS of patients. We believe this is because the
head and neck squamous cell carcinoma is
characterized by a higher rate of lymph node
metastasis; therefore, the degree of tumor invasion
may have little impact on the prognosis of the disease
[28-30]. Surprisingly, we found that marital status
plays an important role in the disease prognosis, with
married patients having higher cancer survival rates
than unmarried patients [31]. For other cancers, such
as lung, pancreatic,c, and breast cancers, married
patients also had a better prognosis than unmarried
patients [31, 32]. However, the effects of the
correlation between long-term survival and other
subtypes of marital status require further research.

Finally, based on the LODDS + NPLN model,
two kinds of convincing nomograms with high
C-indexes were established, which were verified by
bootstrap technology internally and calibration curve
externally. The prediction of the OS and CSS with the
column line shows a good calibration diagram. The
nomogram consists of a number of readily available
prognostic factors that can help physicians assess the
risk of death, counsel patients, and make decisions.
Therefore, patients with poor survival who might
need more aggressive treatment, which includes both
chemotherapy and radiation, can be identified based
on the nomogram.

Our study also has certain limitations. First, the
SEER database lacks several potential prognostic
factors, for instance, the specific chemotherapy
regimen, tyrosine kinase inhibitor therapy, immune
checkpoint inhibitor therapy, etc. Second, since this
was a population study, we could not use a unified
counting method, which could lead to the
underestimation of lymph nodes when they adhered
to each other or were difficult to separate from the
anatomical tissue, and the overestimation of lymph
nodes in the case of lymphatics. Third, no relapse-free
survival was recorded in the SEER database. Finally,
only the patients from the United States are included
in the SEER database currently, which, while rich,
may not be an ideal representation of the patients in
other regions.

Conclusions

We confirmed that LODDS combined with
NPLN was superior to pLNR, LODDS, NPLN, and
PLNR combined with NPLN in predicting the
survival prognosis of patients undergoing laryngeal
surgery. A dynamic nomograph including TNM was
constructed, supplemented by LODDS and NPLN to
assess both the OS and CSS. These nomograms could
help doctors provide efficient and more personalized
treatment for patients with laryngeal cancer.
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