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Background: Lymph node metastases evaluation is important for assessing gastric cancer
prognosis. In patients not undergoing adequate lymph node biopsy, lymph node stage
migration occurs with the use of the existing staging system. This study established a
prediction model to improve prognostication in patients undergoing fewer than 16 lymph
nodes biopsy.

Patients and methods: In total, 3036 ecligible patients from the Surveillance,
Epidemiology, and End Results Program database were evaluated. They were randomized
into development and validation sets in a 1:1 ratio (n=1520 and 1516, respectively). To avoid
model overfitting and loss of important factors, prognostic factors related to overall survival
(OS) were screened according to the Akaike information criterion. The nomogram was
assessed using discrimination and consistency tests in the development and validation sets;
the concordance index (C-index), calibration curves, and receiver operating characteristic
(ROC) curves were also evaluated. Comparison with the 7th American Joint Committee on
Cancer (AJCC) staging system was based on Kaplan—Meier curves, ROC, risk stratification,
and decision curve analysis (DCA).

Results: Age, race, degree of differentiation, invasion depth, chemotherapy, radiotherapy, and
lymph node ratio were independent prognostic factors in OS. C-indices of the development and
validation sets were 0.759 (95% CI: 0.741-0.777) and 0.742 (95% CI: 0.713-0.771), respec-
tively; calibration curves were approximately 45° diagonal, indicating good predictive ability
of the nomogram. In contrast to the 7th AJCC staging system, the Kaplan—-Meier curves and
risk stratification of the nomogram had better discrimination ability, the ROC curves of the
nomogram achieved more predictive accuracy, and the DCA indicated that the nomogram
conferred higher net benefit.

Conclusion: Our constructed nomogram predicts the prognosis of patients with resectable
gastric cancer undergoing biopsy of fewer than 16 lymph nodes more precisely and has better
clinical applicability than the 7th AJCC staging system.

Keywords: gastric cancer, nomogram, lymph node ratio, overall survival

Introduction

Gastric cancer is the fifth most common malignancy in the world and ranks third in
terms of cancer mortality." Surgery is the mainstay of treatment for gastric cancer.
Postoperative pathological staging (pPTMN staging) forms the basis for formulating
subsequent treatment strategies. Currently, the American Joint Committee on
Cancer (AJCC) pTMN is used as a basis, the 7th version of which was published
in 2010.% In patients undergoing surgery, studies have shown that both the depth of
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invasion (pT stage) of the primary lesions and lymph node
metastases (pN stage) affect prognosis.>* The stage of
lymph node metastasis is affected by the area of lymph
node dissection, the number of examined lymph nodes
(eLNs), and individual patient differences. These factors
may result in possible errors in the final lymph node stage,
that is, lymph node stage migration.

In the past 20 years, the main parameters used to assess
stages of lymph node metastasis postoperatively included
the area of lymph node metastasis, the number of meta-
static lymph nodes (mLNs), lymph node ratio (LNR), and
log odds of positive lymph nodes, among others.
Currently, the most commonly used assessment method
is based on the number of mLNs.>® The mLNs are posi-
tively correlated to the eLNs.” An increase in the number
of eLNs may decrease or eliminate lymph node stage
migration.10 An inappropriately low number of eLNs is
an important factor in causing stage migration.'""'? Studies
have shown that compared with conventional staging sys-
tems, LNR, being a good prognostic factor, may aid in
minimizing stage migration and predicting the prognosis
of gastric cancer.'> !¢

Multiple prognostic factors may be included in a
nomogram for quantifying the impact of these factors
and allowing visualization of the result. This may be
used for a personalized prediction of patient survival
and is widely used in the evaluation of prognosis in
patients with cancer.'”° This study aimed to construct
a nomogram containing LNR, based on a large popula-
tion-based cohort. Additionally, it was compared with
the 7th AJCC staging system to construct a prognostic
model that may be effectively used to predict the survi-
val of patients with gastric cancer undergoing insuffi-
cient eLNs.

Patients and methods

Patients

The data used in this study were taken from the
Surveillance, Epidemiology, and End Results (SEER)
database of the US National Cancer Institute. The
SEER database includes the data of 3 million patients
with cancer from different regions; it includes the can-
cer-related incidence and survival data of 28% of the
US population. Our study is a retrospective analysis of
the clinical data of patients with gastric cancer between
1998 and 2015. We obtained 114,231 patients on pre-
liminary screening. The inclusion criteria were as

follows: 1. age >18 years, 2. no previous history of
cancer, 3. follow-up duration and terminal outcomes
accurately recorded, 4. absence of distal metastases,
5. underwent surgery, 6. ¢LNs<16, and 7. complete
clinicopathological information recorded. Patients with
incomplete or unknown information were excluded.
The included 3036 patients were diagnosed between
2010 and 2015. Patients were randomized into devel-
opment (n=1520) and validation (n=1516) sets in a 1:1
ratio. The flow diagram of patient selection is shown in
Figure 1.

The data accessed from the SEER public database
are freely available. We have obtained permission to
access the research data with the user ID 13996-
Nov2018. These data did not include human subjects
or personal identification information. Therefore, further
approval by an ethics committee and informed consent
were not required in the study.

Patients diagnosed with gastric cancer; the primary
cancer between 1998-2015 (n=114,231)

Y

Exclude patients younger than 18 years old and
race, grade unknown (n=29,053)

2

Exclude depth of invasion unknown (n=71,290)

Y

Exclude distant metastasis and no surgery (n=6,137)

¥

Exclude AJCC stage, size, the number of metastatic
and examined lymph nodes unknown (n=1,179)

Y

Exclude the number of examined lymph nodes
exceeded 15 (n=3,536)

2

Patients in final analysis (n=3,036):
Development set (n=1520) and Validation set (n=1,516)

Figure | The flow diagram of patient selection.
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Nomogram construction and validation
The clinicopathological parameters previously reported to be
associated with the prognosis of gastric cancer were selected
for this study. These included age, sex, race, degree of
differentiation, invasion depth, tumor size, mLNs, eLNs,
chemotherapy, and radiotherapy. Cox multivariate regression
analysis was performed on factors with a statistically signifi-
cant difference in univariate analysis. Continuous variables
(age and LNR) were incorporated using restricted cubic
splines (RCS) to minimize the Akaike information criterion
(AIC) statistic.>' For nonlinear effects, continuous variables
were transformed into categorical variables to fit the linear
assumption.”” In accordance with the AIC, the factors of the
fitting model were screened out using the backward stepwise
regression method to avoid overfitting and loss of important
factors.

Every factor had its corresponding value in the nomo-
gram, and the total score of each patient was used to predict
the survival rate. Internal and external validations were
performed using the development and validation sets,
respectively, to validate the nomogram for discrimination
and consistency. The C-index evaluation discrimination for
the development set was initially calculated (values between
0.50-0.70, 0.71-0.90, and >0.90 indicated low, moderate,
and adequate predictive capability, respectively).
Bootstrapping was subsequently employed for resampling
1000 times to plot the calibration curves; this allowed
evaluation of the consistency of survival probability
between the nomogram-predicted values and actual values.
Usually, the proximity between the curve and the 45° diag-
onal is directly proportional to the consistency. External
validation involved the scoring of patients in the validation
set based on the nomogram; before the C-index and cali-
bration curves were used to assess the accuracy of the
nomogram in the validation set, the score was used as a
prognostic factor to be included in the Cox regression
model.

Finally, we compared the prognostication of the nomo-
gram and the 7th AJCC staging system. The survival curve
of the nomogram, dividing the patents into quartiles
according to the total scores, was compared with the
AJCC staging system. The threshold of the total score
was used to further divide the AJCC staging into low-
risk and high-risk groups, and the HRs of the various
groups were compared. The area under the receiver oper-
ating characteristic (ROC) curves of the two models were
simultaneously compared to evaluate predictive ability.

After determining the accuracy, decision curve analysis
(DCA) was performed to compare the clinical validity of
the two models.**

Statistical methods

The survival package of the R software (ver.3.5.0; The
Institute for Statistical Computing, Vienna, Austria) was
used to perform Cox multivariate regression analysis. The
RCS, nomogram, C-index, and ROC curves were based on
the survival, Hmisc, rms, and timeROC packages. The
nomogramEX package was used to obtain the score for
every factor. The setting of the threshold value was
achieved using the X-tile software (ver.3.6.1; http://www.
tissuearray.org/rimmlab/) package for risk stratification.
The log-rank * test was used to obtain the optimal thresh-
old value based on the smallest P-value.”> The stdca
package, downloaded from the website of the Memorial
Sloan Kettering Cancer Center (http://www.mskcc.org/),
was used to plot the decision curves. All other statistical
analyses were completed using the SPSS 25.0 software
package (SPSS, Chicago, IL, USA). All P-values were
obtained from two-tailed tests, and a difference of <0.05

was considered to be statistically significant.

Results
Restricted cubic splines for nonlinear

effect

No continuous variables showed linear effects on overall
survival (OS) (Figure 2). The AIC statistics revealed the
minimization with 4 knots for age (22341.03) and 6 knots
for LNR (21969.58). For patients under approximately 70
years of age and when LNR was in the range of 0.25-0.5
and greater than 0.625, the log relative hazards of death
were relatively consistent. Variable transformations were
performed for age (18—40, 41-60, 61-70, 71-80, >80) and
LNR (0-0.125, 0.125-0.25, 0.25-0.5, 0.5-0.625, 0.625-1),
respectively.

Clinicopathological characteristics

Table 1 shows the clinicopathological characteristics of
patients in the development and validation sets. There
were no statistical differences between the different vari-
ables in the two sets (P>0.05). The cohort had a median
age of 72 years (interquartile range: 62—80), with male
predominance (58.8%); the gastric antrum was the most
common site involved (41.3%), with grades III and IV
being the most common degrees of tumor differentiation
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Figure 2 Restricted cubic splines for age and LNR.

Notes: The optimized number of knots applied in survival analysis was 4, 6 for (A) age, (B) LNR.

Abbreviation: LNR, lymph node ratio.

(63.4%). The depth of invasion most commonly extended
to the mucosa and subserosa (29.2%+31.7%), and most
tumors were <5 cm (70.7%). The 1-, 3-, and 5-year OS
were 96.0%, 67.2%, and 35.5%, respectively.

Nomogram construction and validation

Univariate analysis demonstrated that age, race, degree of
differentiation, invasion depth, tumor size, and LNR were
associated with OS. Several studies have shown that
administration of radiotherapy or/and chemotherapy can
improve the prognosis of patients undergoing surgery;*®*’
hence, we still incorporated them into the multivariate
analysis. Cox multivariate analysis was performed on the
related factors (Table 2). Tumor size was not an indepen-
dent prognostic factor, and Spearman correlation analysis
furthermore showed that tumor size was positively corre-
lated with invasion depth (r=0.426, p<0.001); however,
tumor size was included in the model, minimizing AIC
statistic (9668.015) can be achieved. Hence, 8 factors were
eventually incorporated into the nomogram for predicting
the 1-, 3-, and 5-year survival rates, namely, age, race,
degree of differentiation, invasion depth, tumor size, che-
motherapy, radiotherapy, and LNR (Figure 3). The score
for individual factors in the nomogram may be determined
by projecting upwards to points. The various scores were

summated to obtain the total score. The downward projec-
tion of the total points may be used to determine the 1-, 3-,
and S5-year OS for individual patients.

The C-indices of the development and validation sets
were 0.759 (95% CI: 0.741-0.777) and 0.742 (95% CI:
0.713-0.771), respectively, which indicated good predictive
capability. Figure 4 shows the 1-, 3-, and 5-year calibration
curves for the development and validation sets. The curves
of the 2 sets are similar and close to the 45° diagonal,
indicating consistency between the predicted and actual
survival probabilities.

Comeparison of nomogram with the 7th
staging system

The methods used to compare the prediction ability of the
nomogram and the 7th AJCC staging system are described
here. First, the total scores of the patients were used to
group them by quartiles, and the Kaplan—-Meier survival
curve of the development set was plotted. This curve was
well-suited to distinguish the survival of patients in differ-
ent groups; the S-year survival rates of quartiles 1-4 were
80.6%, 53.9%, 33.6%, and 8.6%, respectively. However,
the discrimination ability of the 7th AJCC staging system
was not as good as that of the nomogram (Figure 5).
Second, the X-tile software package was used to set
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Table | Patients demographic and clinicopathological characteristics

Variables All patients N=3036 (%) Development set N=1520 (%) Validation set N=1516 (%) P-value
Age 0.889
18—40 73(24) 35(2.3) 38(2.5)
41-60 633(20.8) 316(20.8) 317(20.9)
61-70 686(22.6) 339(22.3) 347(22.9)
71-80 970(31.9) 481(31.6) 489(32.3)
>80 674(22.2) 349(23.0) 325(21.4)
Sex 0.703
Male 1784(58.8) 888(58.4) 896(59.1)
Female 1252(41.2) 632(41.6) 620(40.9)
Race 0.807
White 1862(61.3) 923(60.7) 939(61.8)
Black 507(16.7) 259(17.0) 248(16.3)
Other® 670(22.0) 338(22.2) 332(21.9)
Site 0.700
Fundus of stomach 110 (3.6) 61 (4.0) 49 3.2)
Body of stomach 359 (11.8) 181 (11.9) 178 (11.7)
Gastric antrum 1255 (41.3) 618 (40.7) 637 (42.0)
Pylorus 192 (6.3) 100 (6.6) 92 (6.1)
Lesser curvature 409 (13.5) 207 (13.6) 202 (13.3)
Greater curvature 175 (5.8) 91 (6.0) 84 (5.5)
Overlapping lesion 259 (8.5) 135 (8.9) 124 (8.2)
NOS 277 (9.1) 127 (8.4) 150 (9.9)
Grade 0.610
1+l 1111 (36.6) 563 (37.0) 548 (36.1)
N+1v 1925 (63.4) 957 (63.0) 968 (63.9)
Invasion depth 0.185
Mucosa/submucosa 887 (29.2) 435 (28.6) 452 (29.8)
Muscularis 457 (15.1) 249 (16.4) 208 (13.7)
Subserosa 963 (31.7) 468 (30.8) 495 (32.7)
Seraosa 729 (24.0) 368 (24.2) 361 (23.8)
Tumor size 0.806
<5cm 2145 (70.7) 1077 (70.9) 1068 (70.4)
>5 cm 891 (29.3) 443 (29.1) 448 (29.6)
Chemotherapy 0.423
No/Unk 1838 (60.5) 931 (61.3) 907 (59.8)
Yes 1198 (39.5) 589 (38.8) 609 (40.2)
Radiotherapy 0.707
No 2262 (74.5) 1137 (74.8) 1125 (74.2)
Yes 774 (25.5) 383 (25.2) 391 (25.8)
LNR 0.659
LNRI (0-0.125) 1774 (58.4) 871 (57.3) 903 (59.6)
LNR2 (0.125-0.25) 316 (10.4) 159 (10.5) 157 (10.4)
LNR3 (0.25-0.5) 423 (13.9) 218 (14.3) 205 (13.5)
LNR4 (0.5-0.625) 101 (3.3) 56 (3.7) 45 (3.0
LNR5 (0.625-1) 422 (13.9) 216 (14.2) 206 (13.6)

Note: *Other includes American Indian/Alaska native, Asian/Pacific Islander.
Abbreviations: NOS, not otherwise specified; Unk, unknown; LNR, lymph node ratio.
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Table 2 Univariate and multivariate analyses in the developing set

Variables Univariate analysis Multivariate analysis
HR 95% ClI P-value HR 95% CI P-value

Age

18-40 Ref Ref

41-60 0.799 0.467-1.399 0411 0.974 0.567-1.675 0.924

61-70 0.866 0.508-1.477 0.598 1.169 0.681-2.005 0.571

71-80 1117 0.662—-1.882 0.679 1.535 0.902-2.609 0.114

>80 2.074 1.231-3.494 0.006 2.334 1.362-3.998 0.002
Sex

Male Ref

Female 0.973 0.842—1.126 0717
Race

White Ref Ref

Black 1.073 0.886—1.298 0.472 1.334 1.098-1.621 0.004

Other® 0.715 0.591-0.865 <0.001 0.839 0.690-1.019 0.077
Site

Fundus of stomach Ref

Body of stomach 0.854 0.559-1.303 0.463

Gastric antrum 1.022 0.702-1.488 0910

Pylorus 1.045 0.658—1.659 0.852

Lesser curvature 1.088 0.727-1.629 0.681

Greater curvature 0.885 0.553-1.417 0.611

Overlapping lesion 1.443 0.948-2.196 0.087

NOS 1.248 0.813-1.916 0312
Grade

I+l Ref Ref

n+1v 1.567 1.341-1.832 <0.001 1.182 1.001-1.396 0.049

Invasion depth

Mucosa/submucosa Ref Ref

Muscularis 1.531 1.167-2.009 0.002 1.263 0.953-1.674 0.104
Subserosa 2.645 2.128-3.288 <0.001 1.957 1.523-2.515 <0.001
Serosa 5.083 4.092-6.313 <0.001 2.967 2.257-3.901 <0.001

Tumor size

<5 cm Ref Ref

>5 cm 2.044 1.763-2.369 <0.001 1.147 0.974-1.351 0.101
Chemotherapy

No/Unk Ref Ref

Yes 0.952 0.822-1.103 0517 0.756 0.609-0.938 0.011

Radiotherapy

No Ref Ref
Yes 0.892 0.757-1.051 0.172 0.690 0.555-0.857 <0.001
LNR

LNRI (0-0.125) Ref

LNR2 (0.125-0.25) 2279 1.802-2.882 <0.001 2.083 1.619-2.681 <0.001
LNR3 (0.25-0.5) 2.941 2.405-3.598 <0.001 2.446 1.957-3.058 <0.001
LNR4 (0.5-0.625) 3.999 2.906-5.503 <0.001 2.822 2.009-3.964 <0.001
LNR5 (0.625-1) 5296 4.386—6.396 <0.001 3.858 3.086—4.822 <0.001

Note: *Other includes American Indian/Alaska native, Asian/Pacific Islander.
Abbreviations: NOS, not otherwise specified; Unk, unknown; LNR, lymph node ratio.
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Figure 3 Nomogram for predicting |-, 3-, and 5-year gastric cancer OS undergoing fewer than 16 eLNs.
Abbreviations: eLNs, examined lymph node; LNR, lymph node ratio; OS, overall survival.

threshold values for the total score. Based on the same
AJCC stage, the patients were divided into low-risk and
high-risk groups; the HRs showed a significant difference,
which reflected the good risk stratification ability of the
nomogram (Table 3). Third, the area under the ROC
curves of the nomogram was larger than that of the
AJCC staging system, suggesting better predictive capabil-
ities for 1-, 3-, and 5-year survival (Figure 6 and Table 4).
Fourth, DCA was employed to assess the clinical validity
of the prediction model. Comparison between the nomo-
gram and the 7th AJCC staging system showed better net
benefit with the nomogram. Therefore, the nomogram
offers significantly greater clinical validity (Figure 7).

Discussion
Gastric cancer has a high incidence and mortality rate,
posing a considerable threat to human health. Accurate
evaluation of stage is of vital importance in determining
prognosis and deciding the treatment. Currently, the most
commonly used staging system in clinical practice uses
mLNs as a criterion for lymph node staging. However,
mLNs tend to be affected by the number of eLNs and
exhibit lymph node stage migration.

Smith et al found that the prognosis of patients with
gastric cancer improves with an increase in every 10

lymph nodes examined.?® This is closely associated with
stage migration and local disease control. Currently, a
consensus has been reached on the extent of lymph node
dissection, with D+ and D, lymph node dissection being
usually used in early and advanced resectable gastric can-
cers, respectively.”” The 7th AJCC gastric cancer staging
criteria recommend that the number of eLNs should not be
fewer than 16. This is because proven metastases to least
16 lymph nodes are required to stage patients with pN3b
disease. Moreover, reports have suggested that the survival
of patients with 16 or more eLNs is better than that of
patients with the number of eLNs fewer than 16.” This
suggests that an increase in the number of eLNs is bene-
ficial for the prognosis of patients with gastric cancer. D,
lymph node dissection may be used to remove a larger
number of metastatic lymph nodes, thereby decreasing
lymph node stage migration after radical surgery. This
will increase the accuracy of postoperative pathological
staging and prognostication.>”

However, more extensive lymph node dissection will
increase the postoperative mortality rate and the risk of
complications.>' The rarity of this dissection, poor surgical
technique, and inadequate experience with perioperative
management mainly contribute to these unfavorable out-
comes. Owing to this, many consider D, as the standard of

OncoTargets and Therapy 2019:12

submit your manuscript

7421

Dove


http://www.dovepress.com
http://www.dovepress.com

Li and Cen Dove

A D
ol < | T ]
E
«_| © | I‘/
o o
(7} 7}
o [o}
- © - ©
8 o7 3 o T
> > 1
- - .
® < ® <
2 o 2 o7
Q Q
< <
o o~
o o
o . o |
= .I T T T T T © T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Nomogram-Predicted Nomogram-Predicted
probability of 1-year OS probability of 1-year OS
B E
o [ T T = o | T T ‘lew
© I ©
S /* = g
1
8 8
= © // = © T
[ = .
2 2 1
3 3 ra
® < | ® < |
2e 2e y
o 13 7~
< < T/
I~
| o k<
o o i
=3 o |
o ol
T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Nomogram-Predicted Nomogram-Predicted
probability of 3-year OS probability of 3-year OS
Cc F
o [T e o[ e i
© ©
(= I <
L [7}
8 A/ 8
5 S - § S
= p
2 p g
) Ry 1)
® < | L '8 <
2o 5 L 3 o
< / g
< . <
By 1< ey
¥
o o |
° 'I T T T T T © T T T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Nomogram-Predicted Nomogram-Predicted
probability of 5-year OS probability of 5-year OS

Figure 4 Calibration curves of the development and validation sets.

Notes: (A) |-year, (B) 3-year, and (C) 5-year OS calibration curves in development set. (D) |-year, (E) 3-year, and (F) 5-year OS calibration curves in validation set.
Abbreviation: OS, overall survival.

lymph node dissection for radical surgery in gastric cancer.  15.>*° A meta-analysis that included 27 studies showed
This increases the incidence of lymph node stage migra- that LNR is an independent prognostic factor; it has been
tion and reduces the accuracy of prognostication. suggested that LNR should be included in future staging

Inoue et al first proposed the use of LNR to predict systems for gastric cancer.’® Spearman correlation analy-
the prognosis of patients with gastric cancer.? Other sis in our study showed that the correlation between the
studies suggested that LNR-based lymph node staging LNR and number of eLNs was lower than that observed
may decrease bias, is simpler, is more accurate than the between the number of mLNs and eLNs (r=0.094 vs
6th AJCC staging system, and is effective as a prognostic  r=0.244). Since pN staging is based on the number of
marker in cases where the number of eLNs fewer than mLNs, the pTNM staging criteria of the AJCC lead to
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Abbreviation: AJCC, American Joint Committee on Cancer.
Table 3 Risk stratifications for each AJCC stage in development and validation sets
AJCC Stage Cutoff points Development set Validation set
HR 95% ClI P-value HR 95% ClI P-value
Stage IA
Low-risk group (L) Ref Ref
High-risk group (H) 108.358 3.100 2.027-4.741 <0.001 1.796 1.208-2.670 0.004
Stage IB
Low-risk group (L) Ref Ref
High-risk group (H) 143.563 3.439 2.025-5.841 <0.001 2.163 1.114-4.23 0.023
Stage IIA
Low-risk group (L) Ref Ref
High-risk group (H) 168.174 3.270 22214812 <0.001 2.279 1.611-3.515 <0.001
Stage IIB
Low-risk group (L) Ref Ref
High-risk group (H) 212.088 2.787 1.915-4.057 <0.001 2.160 1.467-3.182 <0.001
Stage IIIA
Low-risk group (L) Ref Ref
High-risk group (H) 248.390 2.820 1.953—4.072 <0.001 2.298 1.595-3.310 <0.001
Stage IIIB
Low-risk group (L) Ref Ref
High-risk group (H) 260.397 3.531 2.44-5.102 <0.001 2512 1.716-3.677 <0.001
Stage IIIC
Low-risk group (L) Ref Ref
High-risk group (H) 284.173 4.444 2.976-6.635 <0.001 2.252 1.469-3.451 <0.001

Abbreviations: AJCC, American Joint Committee on Cancer; L, low-risk group; H, high-risk group.

lymph node stage migration in cases with inadequate
lymph node biopsy. Therefore, LNR may be a better
marker for this prediction model.

Many specialized prognostic models have been succes-
sively proposed to improve prognostication in gastric cancer.
Studies have shown that the prognosis of patients with resect-
able gastric cancer is associated with many factors including
age, race, tumor site, degree of differentiation, invasion

depth, vascular invasion, tumor size, method of lymph node
dissection, and the numbers of eLNs and mLNs.>”° In one
study, both eLNs and mLNs were simultaneously included in
the nomogram to reduce lymph node stage migration.
However, the number of patients in that study was small,
and the relationship between eLNs and mLNs was not con-
sidered in the regression model.*> Another study included

LNR and compared it with conventional prognostic systems,

OncoTargets and Therapy 2019:12

submit your manuscript

7423

Dove


http://www.dovepress.com
http://www.dovepress.com

Li and Cen

Dove

Sensitivity

Sensitivity

Sensitivity

D
o
© |
o
2 o
2z °
=2
5 -
(7] o
Nomogram = 0.814 S Nomogram = 0.755
AJCC =0.727 AJCC = 0.682
=
T I T T T T = T T 13 T T  §
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity E 1-Specificity
o |
© |
o
2 o]
2z °
.Z;
8 3
Nomogram = 0.802 BE Nomogram = 0.771
AJCC =0.772 AJCC =0.749
=
"I T T T T T ° T T I T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
F
o
© |
o
> ©
£ 3
ré
8 7
Nomogram = 0.784 S Nomogram = 0.780
AJCC =0.758 AJCC =0.749
=
o

0.0 0.2

04 06 08 10
1-Specificity

00 02 04 06 08 10
1-Specificity

Figure 6 Comparison of the areas under the ROC curves of nomogram and the 7th AJCC staging system to prediction of OS at (A)| year, (B) 3 years, and (C) 5 years in
development set and (D)| year, (E) 3 years, and (F) 5 years in validation set.
Notes: Blue lines represent nomogram predicted OS. Red lines represent the 7th AJCC staging system predicted OS.
Abbreviations: AUC, area under the curve; ROC, receiver-operating characteristic curve; OS, overall survival; AJCC, American Joint Committee on Cancer.

Table 4 Comparison of the areas under the ROC curves of nomogram and the 7th AJCC staging system in | year, 3 years, and 5 years

Time points Nomogram The 7th AJCC staging system P-value
AUC 95% CI AUC 95% CI
Development set
| year 0814 0.788-0.840 0.727 0.697-0.757 <0.001
3 years 0.802 0.777-0.828 0.772 0.745-0.798 0.003
5 years 0.784 0.752-0.817 0.758 0.724-0.792 0.040
Validation set
| year 0.755 0.725-0.786 0.682 0.649-0.714 <0.001
3 years 0.771 0.745-0.798 0.749 0.722-0.777 0.021
5 years 0.780 0.745-0.815 0.749 0.712-0.786 0.019

Abbreviations: AUC, area under the curve; AJCC, American Joint Committee on Cancer.
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Figure 7 Comparison of the DCA of nomogram and the 7th AJCC staging system to evaluation of clinical validity at (A)| year, (B) 3 years, and (C) 5 years in development

set and (D)| year, (E) 3 years, and (F) 5 years in validation set.

Notes: Black lines represent no event occurring within a certain timespan. Crimson lines represent events occurring in all patients within a certain timespan. Green lines
represent nomogram net benefit. Orange lines represent the 7th AJCC staging system net benefit. The higher green lines mean that nomogram has better net benefit.
Abbreviations: DCA, decision curve analysis; AJCC, American Joint Committee on Cancer.

demonstrating better predictive ability.** However, their sub-
jects were all patients undergoing surgery. Therefore, a better
prognostic model is urgently needed to reduce lymph node
stage migration in patients with gastric cancer undergoing
fewer than 16 lymph nodes biopsy.

Our findings showed that race was an independent
prognostic factor, and the prognosis was better for others
(American Indian/Alaska native, Asian/Pacific Islander)
than whites or blacks. The result was consistent with
those of previous studies.*' This may be related to differ-
ent genetic backgrounds among different races. However,
another study showed that race has less influence over

outcomes the longer patients survive.*” The reasons for
the reduction of racial disparities remain unclear and war-
rant future study.

Based on the Cox multivariate regression analysis, and
according to the AIC, we finally incorporated age, race,
degree of differentiation, invasion depth, tumor size, che-
motherapy, radiotherapy, and LNR into the nomogram.
The nomogram showed good predictive ability in discri-
mination and consistency between the development and
validation sets. Furthermore, in contrast with the 7th AJCC
staging system, the nomogram showed better predictive
ability and clinical validity.
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Our study shows that the nomogram may further divide
patients with the same AJCC staging group into high-risk
and low-risk groups; this may improve understanding of
the variable prognosis within the same stage. Accordingly,
patients with higher scores should be offered rigorous
follow-up or further postoperative consolidation treatment.

Usually, the prediction ability of different models is
compared by the area under the ROC curves. However,
high predictive accuracy is not necessarily associated with
clinical utility. False positives and false negatives are inevi-
table irrespective of the threshold value. Since the models
offering more benefit are still unknown, we employed DCA
to identify the models that may maximize net benefit among
patients. In Figure 7, black and crimson represent the two
extremes; the former represents no event occurring within a
certain time span, while the latter represents events occur-
ring in all patients within a certain timespan. The closer the
2 extreme curves are, the lower is the clinical application
value. The DCA showed that the nomogram may offer
higher net benefits in patients with gastric cancer under-
going fewer than 16 lymph nodes biopsy.

This study has some limitations. The first limitation is
the definition of the LNR threshold. In our study, in accor-
dance with RCS, LNR was converted to categorical variable
(0-0.125, 0.125-0.25,0.25-0.5, 0.5-0.625, 0.625-1). The
set threshold values are different from those of previous
studies.*™*? At present, a unified standard for setting thresh-
old values is lacking. This limits the promotion and applica-
tion of the LNR. Further analysis of large-scale multicenter
data is needed to determine the optimal threshold value for
LNR. Second, our study subjects were from a single dataset,
and an independent validation dataset for effective valida-
tion was lacking. In addition, being a retrospective study,
the introduction of bias was inevitable. Further prospective
studies with larger sample sizes will be needed for valida-
tion of these results. Lastly, recent studies have proven that
laparoscopic surgery has a positive effect on prognosis.**
Fewer postoperative complications may reduce mortality in
older patients. However, the SEER database did not provide
details on laparoscopic surgery in these patients. Therefore,
this may have affected the accuracy of the prediction model.

Conclusion

In conclusion, our study was based on the SEER database
and analyzed patients undergoing a biopsy of fewer than
16 lymph nodes. Our results show that age, race, invasion
depth, degree of differentiation, chemotherapy, radiother-
apy, and LNR are independent prognostic factor in OS.

The nomogram, constructed based on these factors includ-
ing tumor size, underwent validation and demonstrated
good predictive ability; its prediction accuracy and clinical
validity are better than that of the 7th AJCC staging
system. Further research is required on LNR-based nomo-
grams to provide evidence for prognostication and gui-
dance on treatment.
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