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Abstract

Background: The importance of the negative lymph node (NLN) count has recently attracted attention. This study aimed to
determine the prognostic value of NLN count in patients with non-small cell lung cancer (NSCLC) after radical surgery by con-
structing NLN-based prognostic models. Methods: This study included 33 756 patients pooled from the case listing session of
the US Surveillance, Epidemiology, and End Results (SEER) database from 2004 to 2015 and 545 patients collected from The First
Affiliated Hospital of Shandong First Medical University between 2012 and 201 6. X-tile software was used to calculate the optimal
cutoff value for the NLN count. The associated clinical factors were determined using univariate and multivariate Cox analyses.
Nomograms were developed using the SEER database and validated using hospital data. Results: The training cohort was divided
into high and low NLN count subgroups based on the cancer-specific survival (CSS) and overall survival (OS), respectively.
Multivariate analysis showed that NLN count was an independent prognostic factor, and the high NLN count subgroup had better
CSS and OS than those of the low NLN count subgroup (HR =0.632, 95% Cl 0.551-0.724, P<.001| for CSS and HR =0.641, 95%
Cl 0.571-0.720, P<.00| for OS). Nomograms were established, exhibiting good discrimination ability with a C-index of 0.789
(95% Cl1 0.778 —0.798) for CSS and 0.704 (95% ClI; 0.694 —0.714) for OS. The calibration plots of the validation cohorts showed
optimal agreement with the training cohort, with a C-index of 0.681 (95% Cl 0.646 —0.716) for CSS and 0.645 (95% Cl 0.614
—0.676) for OS. Conclusions: NLN count is a strong prognostic factor for OS and CSS in NSCLC patients and the prognostic
model provides a useful risk stratification for NSCLC patients when applied to clinical practice.

Keywords
nomogram, non-small cell lung cancer, negative lymph node count, cancer specific survival, overall survival

Received: September 26, 2021; Revised: December 19, 2021; Accepted: December 24, 2021.

' The First Affiliated Hospital of Shandong First Medical University & Shandong Provincial Qianfoshan Hospital, Shandong First Medical University & Shandong
Academy of Medical Sciences, Jinan, China

2 Shandong Cancer Hospital and Institute, Shandong First Medical University & Shandong Academy of Medical Sciences, Jinan, China

3 The First Affiliated Hospital of Shandong First Medical University & Shandong Provincial Qianfoshan Hospital, Shandong Key Laboratory of Rheumatic Disease
and Translational Medicine, Shandong Lung Cancer Institute, Jinan, China

“Dezhou Seventh People’s Hospital, Dezhou, China

*These authors contributed equally to this work.
Corresponding Author:
Jiandong Zhang, Department of Oncology, The First Affiliated Hospital of Shandong First Medical University & Shandong Provincial Qianfoshan Hospital, Shandong

Key Laboratory of Rheumatic Disease and Translational Medicine, Shandong Lung Cancer Institute, Jinan, China.
Email: zhangjd2233@126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://orcid.org/0000-0002-2827-1860
mailto:zhangjd2233@126.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/tct

Technology in Cancer Research & Treatment

Introduction

Lung cancer is one of the most common malignant tumors in
the world and the leading cause of cancer-related death in the
United States.! The incidence and mortality of lung cancer in
China have increased significantly in the past 30 years, and
non-small cell lung cancer (NSCLC) is the most common
pathological type of lung cancer.? Despite numerous advances
in early diagnosis and adjuvant therapies, surgical resection is
currently the only potentially curative therapeutic means for
NSCLC and the 5-year overall survival rate remains only
approximately 17%, even after surgical management.* In
the conventional sense, many factors such as positive lymph
node (PLN) count and removed lymph node (LN) count are
commonly used to predict survival in cancer outcomes.’”’
However, these predictors fail to clearly distinguish between
patients with different negative lymph node (NLN) counts
and thus do not predict which patients are more likely to
benefit from lymphadenectomy. Therefore, researchers
recently recognized the significance of a novel prognostic indi-
cator, NLN count, which showed significant and promising
prognostic value for cancer patients. Several studies have
highlighted the clinical significance of NLN count in lung
cancer and other types of cancer, such as gastric carcinoma,
colon cancer, rectal, esophageal, breast, and cholangiocarci-
noma.’ ™13 However, the limitations of these studies included
the use of single-center cohorts, small study populations,
and lack of validation.

In our study, a multivariate predictive model based on the
Surveillance, Epidemiology, and End Results (SEER) database
was established, which aimed to provide visualization informa-
tion and offer extra precision in predicting survival outcomes.
In addition, data from The First Affiliated Hospital of
Shandong First Medical University& Shandong Provincial

Qianfoshan Hospital was also obtained to identify and validate.
We hope that this predictive model could benefit lung patients
after surgery and provide more insights into the molecular
mechanisms of this disease.

Material and Methods

Patient Selection and Eligibility Criteria

In the current cohort study, 67,001 eligible patients with single
primary NSCLC diagnosed between 2004 and 2015 were
obtained from the SEER database released on August 17,
2021 (SEER*Stat Database: Incidence-SEER 18 Registries
Research Plus Data, Nov. 2019 Sub [2000-2017]). The case
listing module function of the SEER*Stat software
(Surveillance Research Program, National Cancer Institute,
www.seer.cancer.gov/seerstat; Version 8.3.9.2) was used to
access the data. Clinicopathological characteristics, including
age at diagnosis, sex, the sixth American Joint Committee
on Cancer (AJCC)/ cancer tumor node metastasis (TNM)
stage, grade, histology (ICD-O-3, 8046/3), type of surgery,
radiation, chemotherapy, cause of death, survival time
(months), regional lymph node positivity, and regional
lymph node examination, were recorded. Patients without
pathological confirmation were excluded from the study. The
other specific exclusion processes are shown in Figure 1.
Ultimately, 33,756 patients were enrolled, while patients
who underwent lymphadenectomy were selected in our train-
ing cohort. The regional nodes examined were defined as the
total number of regional lymph nodes that were removed
and examined by a pathologist. Positive regional nodes refer
to the exact number of regional lymph nodes examined by
the pathologist that were found to contain metastases. The
number of negative regional nodes, also called the NLN
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Figure 1. Flow diagrams. (A) Flow diagram of the training cohort. (B) Flow diagram of the validation cohort.
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count, was defined as the total number of regional nodes minus
the number of positive regional nodes. For cancer-specific sur-
vival (CSS), death due to NSCLC was the primary endpoint,
and for overall survival (OS), death due to any cause was an
event.

Establishment of Nomogram

All variables in the training cohort were analyzed using uni-
variate analysis with a Cox regression model to explore the
association between the baseline variables and survival out-
comes. Variables with a P-value <.10 in the univariate anal-
ysis were included in the multivariate analysis. A stepwise
forward Cox regression analysis was then used to identify
independent predictive factors in the multivariate analysis.
Nomograms that predicted 3-year and 5-year survival were
constructed based on independent risk factors in the final
multivariate Cox proportional hazards model results. A

nomogram is an intuitive and effective method to display
the results of risk models that has significant clinical applica-
tions in predicting prognosis. The first line of the nomogram
panel represents the point values for each variable. The total
points were calculated by adding the points identified for
each variable. A vertical line can be drawn on the bottom
scale at the total point value to indicate the 3- and 5-year
probabilities of CSS or OS.

Model Validation

To validate the findings from the SEER database and clarify
relevant issues, a dataset containing 545 patients with
NSCLC from The First Affiliated Hospital of Shandong First
Medical University& Shandong Provincial Qianfoshan
Hospital between 2012 and 2016 was assigned to the valida-
tion cohort. The inclusion and exclusion criteria were consis-
tent with those in the SEER database (Figure 1B). The

Table 1. Demographic and Clinicopathological Characteristics of Patients with NSCLC

Training cohort

Validation cohort

Low NLN  High NLN
count count Low NLN count  High NLN count
All NO. (%) NO. (%) All NO. (%) NO. (%)

Characteristics N=4987 4481 (89.9) 506 (10.1)  P-value N=545 143(26.3) 402(73.7) P-value

Age .861 150
<65 2295 (46.0) 2064 (46.1) 231 (45.7) 373 (68.4) 91 (63.6) 282 (70.1)
>65 2692 (54.0) 2417 (53.9) 275 (43.3) 172 (31.6) 52 (36.4) 120 (29.9)

Sex .039 .009
Female 2186 (43.8) 1986 (44.3) 200 (39.5) 152 (27.9) 52 (36.4) 100 (24.9)

Male 2801 (56.2) 2495 (55.7) 306 (60.5) 393 (72.1) 91 (63.6) 302 (75.1)

TNM stage <.001 .193
I 1624 (32.6) 1392 (31.1) 232 (45.8) 207 (38.0) 51 (35.7) 156 (38.8)

il 519 (10.4) 427 (9.5) 92 (18.2) 154 (28.3) 36 (25.2) 118 (29.4)
I 1750 (35.1) 1616 (36.1) 134 (26.5) 155 (28.4) 44 (30.8) 111 (27.6)
v 1094 (21.9) 1046 (23.3) 48 (9.5) 29 (5.3) 12 (8.4) 17 (4.2)

Tumor grade <.001 .169
I 67 (1.3) 59 (1.3) 8 (1.6) 41 (7.5) 16 (11.2) 25(6.2)

I 356 (7.1) 315 (7.0) 41 (8.1) 399 (73.2) 99 (69.2) 300 (74.6)
I 2497 (50.1) 2176 (48.6) 321 (63.4) 89 (16.3) 22 (15.4) 67 (16.7)
v 193 (3.9) 170 (3.8) 23 (4.5) 16 (2.9) 6 (4.2) 10 (2.5)
Unknown 1874 (37.6) 1761 (39.3) 113 (22.3)

Surgery type <.001 495
Sublobectomy 373 (7.5) 358 (8.0) 15 (3.0) 50 (9.2) 10 (7.0) 40 (10.0)

Lobectomy 2331 (46.7) 1950 (43.5) 381 (75.3) 417 (76.5) 108 (75.5) 309 (76.9)
Pneumonectomy 223 (4.5) 150 (3.3) 73 (14.4) 75 (13.8) 24 (16.8) 51 (12.7)
Others 2060 (41.3) 2023 (45.1) 37 (7.3) 3 (0.6) 1(0.7) 2(0.5)

Radiotherapy <.001 .003
Yes 1988 (39.9) 2631 (58.7) 138 (27.3) 211 (38.7) 70 (49.0) 141 (35.1)
No/Unknown 2999 (60.1) 1850 (41.3) 368 (72.7) 334 (61.3) 73 (51.0) 261 (64.9)

Chemotherapy <.001 .003
Yes 2531 (50.8) 2293 (51.2) 238 (47.0) 210 (38.5) 70 (49.0) 140 (34.8)
No/Unknown 2456 (49.2) 2188 (48.8) 268 (53.0) 335 (61.5) 73 (51.0) 262 (65.2)

Notes: In the training set: Low NLN count subgroup: 0 to 14 NLN count. High NLN count subgroup: >15 NLN count; In the validation set: Low NLN count

subgroup: 0 to 6 NLN count. High NLN count subgroup: >7 NLN count.

Abbreviations: NLN, negative lymph node; TNM, tumor, node, metastases; Tumor grade: I: highly differentiated; II: moderately differentiated; III: poorly

differentiated; IV: undifferentiated; Unknown: unknown tumor differentiation.
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Concordance index (C-index) was used to evaluate the dis-
crimination performance of the nomogram. Calibration plots
(1000 bootstrap resamples) were used to visualize the perfor-
mances of the nomograms. The 45° line represents the best
prediction.'*'3

Statistical Methods

The optimal cutoff value of the NLN count was determined
using X-tile software (Version 3.6.1, Yale University School
of Medicine, USA). Continuous and categorical variables
were compared using the y2 test and Mann—Whitney U-test,
respectively. The Kaplan—Meier method was used to assess
the effect of NLN count on CSS and OS. Univariate and multi-
variate Cox proportional hazard models with a stepwise forward
method were used to analyze the risk factors related to CSS and
OS in patients with NSCLC; hazard ratios (HRs) and 95% con-
fidence intervals (CIs) were calculated, with an HR of <1.0 indi-
cating survival. Receiver operating characteristic (ROC) and
decision curve analysis (DCA) curves were used to analyze sen-
sitivity and specificity between the nomogram and TNM stage.

All statistical analyses were performed using R ver. 3.5.0 (the R
Foundation for Statistical Computing, Vienna, Austria), and
SPSS ver. 20.0 (SPSS Inc., Chicago, IL, USA) software. All
statistical tests were two-sided, with a P-value <.05 considered
statistically significant.

Ethics Statement

The authors are accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of any part
of the work are appropriately investigated and resolved. The
request for the SEER Research Plus Data was approved to
obtain therapy information for research purposes only (refer-
ence number: 18323-Nov2020). Institutional review board
approval was not required because SEER is an anonymized
database that is open to the public. Informed patient consent
from the wvalidation cohort was approved by The First
Affiliated Hospital of Shandong First Medical University&
Shandong Provincial Qianfoshan Hospital review board (No.
S033). The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki (as revised in 2013).
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Figure 2. Survival analysis. (A) Prognostic value of lymphadenectomy in CSS in the training set. (B) Prognostic value of lymphadenectomy in
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(0-6) NLN count subgroup in the validation set.
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Results

Patient Characteristics

From 2004 to 2015, a total of 33,756 NSCLC patients were col-
lected from the SEER database, of whom 4987 (14.8%) were
assigned to the training set (Figure 1A). Of all patients in the
training cohort, 2186 (43.8%) were female and 2801 (56.2%)
were male. The median age at diagnosis of the included patients
was 67 years (range, 20-95) years. The cutoff value for the NLN
count was 15 (range, 0-60). We determined the best cutoff value
using X-tile software and thus divided the entire cohort into two
subgroups (low NLN count [0-14] and high NLN count [>15]).
There were 4481 patients (89.9%) with a low NLN count and
506 patients (10.1%) with a high NLN count. The characteris-
tics of the training cohort are shown in Table 1.

In the validation cohort study, a total of 545 eligible patients
with lymphadenectomy information from The First Affiliated
Hospital of Shandong First Medical University& Shandong
Provincial Qianfoshan Hospital between 2012 and 2016 were
also identified, including 152 (27.9%) women and 393
(72.1%) men. The median age at diagnosis was 60 years
(range, 32-84 years). NLN count was divided into two sub-
groups using X-tile software: low NLN count, 0 to 6; high
NLN count, >7 (range, 0-41). Patient demographics and patho-
logical characteristics are shown in Table 1.

Effects of NLN Count on Survival

First, we determined the impact of lymphadenectomy on sur-
vival, and found that patients who underwent lymphadenec-
tomy had improved survival in both CSS and OS (Figure 2A
and B, all P<.001). Next, we analyzed the prognostic effect
of NLN count in the training and validation cohorts. Kaplan—
Meier analyses showed that NLN count was positively associ-
ated with CSS and OS, and a high NLN count group was asso-
ciated with better survival in both the training and validation
cohorts. (Figure 2C-F, all P<.001). In addition, a stronger sur-
vival advantage of the NLN count was found in patients with
worse M and lymph node (N) status. In other words, the sur-
vival benefit trend was constant regardless of M
(Supplementary Figure 1, all P<.05) and N status
(Supplementary Figure 2, all P<.05).

The results of univariate and multivariate Cox proportional
hazard model analyses are shown in Table 2. Univariate analy-
ses revealed that NLN count and other clinicopathological char-
acteristics including age, sex, TNM stage, radiotherapy and
chemotherapy were associated with CSS and OS (all P<
.001). Multivariate analyses were further performed using the
above factors and confirmed that NLN count, age, sex, TNM
stage, radiotherapy and chemotherapy were independent prog-
nostic factors for CSS and OS, and patients with high NLN
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Figure 3. Establishment of the nomogram. (A) Nomogram predicting the 3- and 5-year CSS. (B) Nomogram predicting the 3- and 5-year OS. In
the panels, the first row is the points assigned for each variable. The points for each variable are summed to obtain a total. A vertical line is drawn

from this point to obtain the 3- and 5-year probabilities of survival.
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count had better CSS than those with low NLN count (HR =
0.632, 95% CI: 0.551-0.724, P<.001). A consistent trend
was also found for OS (HR =0.641, 95% CI: 0.571-0.720, P
<.001[high vs low]). In other words, a higher NLN count
was found to have a better effect on survival in NSCLC, inde-
pendent of sex, age, TNM stage, radiotherapy, and chemother-
apy (Table 2).

Construction and Validation of Nomogram

First, we established a nomogram using the results of the final
multivariate Cox analysis. (Figure 3A for CSS and Figure 3B

for OS) at 3 and 5 years, respectively. Variables included in
the nomogram were the same as those in the multivariate Cox
risk model. Next, internal validation was performed, with a
C-index estimated by analyzing the SEER database. The c-sta-
tistic of the predictive models was 0.789 (95% CI: 0.778
—0.798) for CSS and 0.704 (95% CI: 0.694 —0.714) for OS,
which indicated a good ability to predict outcome. We then con-
structed a calibration plot to determine whether the predicted
and observed probabilities of survival were in accordance. As
expected, the calibration plots for the probability of 3 years
and 5 years showed good consistency between the prediction
by nomogram and actual observation in survival (Figure 4A
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Figure 4. Calibration curves for 3- and 5-year survival. (A) Calibration

curve for 3-year CSS based on the training cohort. (B) Calibration curve

for 3-year OS based on the training cohort. (C) Calibration curve for 5-year CSS based on the training cohort. (D) Calibration curve for 5-year OS
based on the training cohort. (E) Calibration curve for 3-year CSS based on the validation cohort. (F) Calibration curve for 3-year OS based on the
validation cohort. (G) Calibration curve for S-year CSS based on the validation cohort. (H) Calibration curve for 5-year OS based on the validation

cohort.
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Figure 5. ROC and DCA curves for nomogram and TNM stage. (A) The CSS ROC curve for the nomogram and TNM stage in the training

cohort. (B) The OS ROC curve for the nomogram and TNM stage in the training cohort. (C) The CSS ROC curve for the nomogram and TNM
stage in the validation cohort. (D) The OS ROC curve for the nomogram and TNM stage in the validation cohort. (E) The CSS ROC curve for the
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ROC curve for the nomogram and TNM stage in the validation cohort. (H) The OS ROC curve for the nomogram and TNM stage in the validation

cohort.

and C for CSS, Figure 4B and D for OS). In addition, the length
of the line for each variable in the nomogram indicates the influ-
ence and values of the final outcomes. The longer the line, the
greater the influence of the variable on the result. In our nomo-
gram, we can see that the length of the line for NLN count was
longest for both CSS and OS. Therefore, our nomogram pre-
dicts the prognosis of patients with NSCLC intuitively, which
is different from traditional clinical predictors, such as TNM
stage and other variables.

Finally, external validation was performed using an indepen-
dent validation cohort of 545 patients from The First Affiliated
Hospital of Shandong First Medical University& Shandong
Provincial Qianfoshan Hospital. The C-index measuring pre-
dictive accuracy in the test cohort was 0.681 (95% CI: 0.646
—0.716) for CSS and 0.645 (95% CI: 0.614 —0.676) for OS,
which demonstrated a good level of discriminative ability. As
expected, the calibration curve suggests that the nomogram
was well calibrated and the 3- and 5-year calibration curve
showed an agreement between the actual observation and

nomogram prediction (Figure 3E and G for CSS, Figure 3F
and H for OS). In addition, we performed ROC curve analysis
and DCA curve analysis on nomogram and TNM stage, and
found that the performance of the nomogram for CSS and OS
was better than that of the TNM stage (Figure 5, P<.05).
Therefore, the results proved that the nomogram for predicting
patient prognosis had excellent advantages both in the short and
long term.

Discussion

Although the LN and PLN counts have been considered to be of
great value in determining the prognosis of patients with
NSCLC,"®!7 the NLN count is now widely believed to be a
better prognostic factor that predicts survival status and pro-
vides guidelines for postoperative therapy.®'*'® In our study,
we found that NLN count is a significant predictor of survival
outcome in a large cohort of NSCLC patients. In addition, we
established a nomogram including NLN count based on the
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SEER database for the first time. A nomogram is a predictive
model that incorporates multiple factors to predict patient sur-
vival outcomes. Many studies have shown that the nomogram
is more accurate than conventional TNM stage in predicting
patient prognosis,'®?® which is consistent with our results
obtained using ROC and DCA curves. The nomogram was
further validated by our own hospital data, which showed
good agreement with the prediction and determined the prog-
nostic value and significance of NLN count. These findings
contribute to the clinical translation of our results.

As noted above, NLN count positively correlated with sur-
vival, and the high NLN count group was found to be associated
with better survival with respect to both CSS and OS. Findings
from several studies may explain this prognostic phenomenon.
First, increasing the number of NLNs examined has been shown
to be associated with a significant improvement in survival
benefit, thus ensuring accurate staging and adequate treatment,
and delivering the optimum adjuvant therapy strategy.’'**
Second, extensive lymphadenectomy provides a protective
effect for patients; and reduces the risk of understaging.?
Therefore, better surgery with more extensive lymphadenec-
tomy may potentially mitigate the detrimental effects of
NSCLC on survival.

The N status has long been regarded as a vital criterion in
cancer staging and the strongest prognostic indicator for survival
after surgery. The definition standard of N status in the AJCC
TNM classification system depends on localized spread to the
regional lymph nodes and lymph node status.?*** In our study,
our survival curve showed that NLN count was associated with
a stronger survival benefit in patients with worse staging and N
status. For a long time, it has been widely accepted that stage
IV lung cancer patients are those with distant metastasis regard-
less of N status. Therefore, the N status of stage IV patients was
ignored for the M status (MO and M1). Palliative surgery is con-
stantly performed in patients with metastatic (M1) disease to
improve quality of life, alleviate symptoms, and prevent compli-
cations with limited resection or lymph node retrieval. In our
study, NLN count was associated with survival benefits in the
N3 and M1 stages in our subgroup analysis, which was consistent
with some findings in stage IV cancer patients.?*’ Therefore, N
stage is a significant factor affecting survival outcome, especially
in stage IV patients, which indicates that the prognostic role of N
status in M1 disease should not be underestimated. Moreover,
disease management for NSCLC has recently evolved into mul-
tidisciplinary therapy and now requires more accurate selection
of patients with advanced disease to maximize the effect of lym-
phadenectomy and minimize morbidity.

In the current study, we established an NLN-based nomo-
gram to predict survival outcomes at 36 and 60 months.
Several clinical parameters have been reported as prognostic
markers.”* 3! In accordance with these findings, our study
revealed a strong correlation between survival and these inde-
pendent prognostic factors in the multivariate Cox proportional
hazards model. Based on these variables, the nomogram pre-
cisely predicted the survival probability in the internal and
external cohorts. Survival prediction is a crucial issue for

NSCLC patients undergoing resection; this predictive model
could assist physicians by providing individualized risk esti-
mates of survival outcomes and potentially helping to avoid
unnecessary treatments in patients.

The present study had several limitations. First, the SEER
database only contained general treatment information, and
there was no more detailed clinical treatment information,
such as specific chemotherapy and radiotherapy regiments, tar-
geted therapy, and immunotherapy, which may have caused
bias in our study. Second, since this is a retrospective analysis,
more prospective large randomized clinical trials and multicen-
ter clinical samples are needed to further validate the reliability
of our study findings. Finally, the lack of molecular analysis
may overlook important prognostic clues for researchers.

Conclusion

In summary, the NLN count was determined to be a promising
prognostic factor in patients with NSCLC. This is the first study
to establish a novel prognosis prediction model based on NLN
count in NSCLC based on a large cohort and validated the prog-
nostic role of NLN count using our own hospital data, which
could assist in personalizing the risk classification of patients.
Further studies about NLN count are needed to determine
optimal lymph node resection and the underlying molecular
mechanisms of NSCLC.
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