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A nomogram based on platelet-
to-lymphocyte ratio for
predicting lymph node
metastasis in patients with
early gastric cancer

Hongyu Wu, Wen Liu, Minyue Yin, Lu Liu, Shuting Qu, Wei Xu
and Chunfang Xu*

Department of Gastroenterology, The First Affiliated Hospital of Soochow University, Suzhou, China

Background: Preoperative assessment of the presence of lymph node
metastasis (LNM) in patients with early gastric cancer (EGC) remains difficult.
We aimed to develop a practical prediction model based on preoperative
pathological data and inflammatory or nutrition-related indicators.

Methods: This study retrospectively analyzed the clinicopathological
characteristics of 1,061 patients with EGC who were randomly divided into the
training set and validation set at a ratio of 7:3. In the training set, we introduced
the least absolute selection and shrinkage operator (LASSO) algorithm and
multivariate logistic regression to identify independent risk factors and
construct the nomogram. Both internal validation and external validation were
performed by the area under the receiver operating characteristic curve (AUC),
C-index, calibration curve, and decision curve analysis (DCA).

Results: LNM occurred in 162 of 1,061 patients, and the rate of LNM was 15.27%.
In the training set, four variables proved to be independent risk factors (p < 0.05)
and were incorporated into the final model, including depth of invasion, tumor
size, degree of differentiation, and platelet-to-lymphocyte ratio (PLR). The AUC
values were 0.775 and 0.792 for the training and validation groups, respectively.
Both calibration curves showed great consistency in the predictive and actual
values. The Hosmer—Lemeshow (H-L) test was carried out in two cohorts,
showing excellent performance with p-value >0.05 (0.684422, 0.7403046).
Decision curve analysis demonstrated a good clinical benefit in the respective
set.

Conclusion: We established a preoperative homogram including depth of
invasion, tumor size, degree of differentiation, and PLR to predict LNM in EGC
patients and achieved a good performance.
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1 Introduction

Until 2020, gastric cancer (GC) has ranked fifth for incidence
and fourth for mortality worldwide (1); in the meanwhile, it is the
second leading cause of cancer-related deaths in China (2). Gastric
cancer can be classified as early gastric cancer (EGC) and advanced
gastric cancer (AGC) clinically, according to the definition
proposed by Japan Gastric Cancer Association (JGCA), that
cancerous lesions are confined to the mucosa or submucosa
without regard to the status of lymph node metastasis (LNM) (3,
4). In general, patients diagnosed with early gastric cancer had
favorable prognoses; however, once lymph node metastasis took
place, the long-term survival prognosis declined drastically (5).

In recent years, the rapid development of endoscopic
technologies has considerably increased the detection rate of early
gastric cancer (6), improving the survival prognosis of patients with
gastric cancer. The second edition guidelines for endoscopic
submucosal dissection (ESD) and endoscopic mucosal resection
(EMR) for EGC have been applied widely and continuously
expanding the indications (7). However, since minimally invasive
endoscopic surgery cannot entirely remove local lymph nodes, total
or subtotal gastrectomy with systematic D1+/D2 lymphadenectomy
is still imperative for patients with LNM (8-11). Therefore, the
prediction of lymph node metastasis in EGC patients is of particular
significance in determining the best treatment option in clinical
practice to maximize benefit.

Until now, preoperative assessment of the presence of LNM in
EGC patients has remained difficult. Although previous studies
attempted to establish nomograms to predict lymph node
metastasis, the majority of these models included lymphovascular
invasion as an independent risk factor (12-17), regardless of the fact
that it cannot be detected accurately without postoperative
pathologic findings. The eCura system, a comparatively
authoritative risk assessment system proposed by JGCA, evaluates
the risk of LNM in post-ESD patients based on five factors: lymph
invasion, tumor size, vertical margin, venous invasion, and
submucosal invasion degree (18, 19). Furthermore, it determines
whether follow-up surgical operations are needed according to the
grade (7, 20, 21). The obvious drawback, in turn, is that it is
performed in patients who have already undergone ESD, while
additional surgeries usually result in additional risks.

Noteworthy, more attention has been paid to inflammatory
biomarkers in various malignancies. To date, several indicators of
inflammation or nutritional status in the peripheral blood, such as
albumin, neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and
fibrinogen-to-albumin ratio (FAR), are thought to be useful prognostic
biomarkers for gastric cancer, pharyngeal cancer, ovarian cancer, lung
cancer, and esophageal cancer (22-26). We select these indicators as
potential risk factors in that they are calculated by routine blood tests at
admission. It means that they are easily acquired, and patients do not
have to pay for extra examinations. In consequence, we aim to develop
a practical prediction model based on preoperative pathological data
and accessible inflammatory or nutrition-related indicators in the
peripheral blood and to evaluate its reliability and clinical effectiveness.
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2 Materials and methods

2.1 Patients

Clinical and pathological data on patients who underwent
radical gastrectomy with D1/D1 + or D2 lymphadenectomy at the
First Affiliated Hospital of Soochow University and were diagnosed
with early gastric cancer by postoperative pathology were collected
retrospectively from January 2016 to December 2021. A total of
1,146 cases were included, with 85 excluded for meeting the
corresponding exclusion criteria (Figure 1), and 1,061 patients
were eventually enrolled. The exclusion criteria were as follows: 1)
patients with gastric stump carcinoma or recurrent gastric cancer;
2) combined with other primary malignant tumors; 3) have
undergone preoperative chemotherapy, radiotherapy, or
immunotherapy; 4) combined with severe liver/kidney diseases or
other diseases may lead to hematologic abnormalities or primary
hematologic diseases; 5) with incomplete clinical or pathologic
information. Patients were divided into positive and negative
groups for lymph node metastasis based on postoperative lymph
node biopsies. This study was approved by the Ethics Committee of
the First Affiliated Hospital of Soochow University. Since it was a
retrospective analysis, informed consent from patients was
not necessary.

2.2 Data collection

All the clinicopathological data were reviewed, including
gender, age, body mass index (BMI), underlying diseases
(presence or absence of hypertension/diabetes), tumor site, depth
of invasion, lesion size, morphological characteristics, degree of
differentiation, presence or absence of ulcer, and laboratory
indicators including white blood cell (WBC) count, lymphocyte
(LY) count, monocyte (MO) count, neutrophil (NE) count, platelet
(PLT) count, the content of hemoglobin (HGB), fibrinogen,
albumin (ALB), prealbumin (PAB), plasma total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), NLR, MLR, PLR,
FAR, and fibrinogen-to-prealbumin ratio (FPR). BMI was divided

[ 85 patients were }

Patients met excluded for

inclusion criteria
(n=1146) ®  Gastric stump

carcinoma (n=21)

®  Combined with other
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®  Patients with incomplete
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FIGURE 1
The flowchart of inclusion and randomization.
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into lean (<18.5 kg/m?), normal (18.5-24 kg/m?), and overweight  calculated to quantify the discriminatory ability of the nomogram.
(224 kg/m?). The tumor site was classified as cardia/fundus, gastric ~ An AUC of 1.0 would represent a perfect prediction, while 0.5
body, and antrum/pylorus of the stomach. The depth of invasion  would represent a meaningless prediction. The concordance index
was classified as a lesion confined to the mucosa (pTla) and (C-index) was used to evaluate the prediction accuracy of the
submucosa (pT1b) according to the pathological biopsy. The  model. In addition, the consistency between the predicted
lesion size was calculated according to the maximum diameter of  probability of LNM and the actual incidence was assessed by the
the tumor in the pathological specimen, which was divided into the  calibration curve. Decision curve analysis was plotted to see the net
<2 cm group, 2-3 cm group, and >3 cm group. The degree of  benefit. Finally, internal validation was performed using bootstrap
differentiation was classified as high, moderate, and poor  with 1,000 replicates, and external validation was performed in the
differentiation. Gross type was classified as polypoid type, flat  validation set. All the statistical analyses were completed using R
type, and excavated type according to the Paris classification (27).  software (version 4.2.1). Data conforming to normal distribution
All enrolled patients underwent lymph node resection, and the total ~ were described as X + SD in the numerical variables, while data
number of metastatic lymph nodes was reported. Blood samples  conforming to abnormal distribution were described as median
were collected within 48 hours of admission. (quartile) [M (P25, P75)]. Categorical variables were measured by
the chi-square test. A two-tailed p-value <0.05 was supposed to
be significant.

2.3 Statistical analysis

Patients were randomly divided into training and validation sets 3 Results
in a 7:3 ratio. The model was developed in the training set and
verified in the validation set. To reduce the effect of 3.1 Baseline characteristics
multicollinearity, the least absolute selection and shrinkage
operator (LASSO) algorithm was introduced to screen the According to the inclusion and exclusion criteria, 1,061 patients
variables. The cross-validation method was used to determine the  were included in the analysis, whose baseline characteristics are
final lambda (A). When lambda (A) took the maximum value within ~ shown in Table 1. Lymph node metastasis occurred in 162 of 1,061
one standard error of the minimum mean square error, the  patients, and the rate of lymph node metastasis was 15.27%, which
corresponding variables were taken into a multivariate logistic ~ was consistent with some studies (28). Among them, 102 cases were
regression analysis to finally obtain variables with p-value <0.05  in stage N1, 47 cases in stage N2, and 13 cases in stage N3. What is
as independent risk factors. A nomogram was developed to visualize =~ worth mentioning is that the rate of lymph node metastasis was
the results of the multivariate analysis. Simultaneously, receiver ~ 4.62% with lesions confined to the mucosa (476 cases), while the
operating characteristic (ROC) curves were plotted, and the area  metastasis rate dramatically increased to 23.93% with lesions
under the ROC curve (AUC) (95% confidence interval) was  invading the submucosa (585 cases).

TABLE 1 Baseline characteristics of patients with early gastric cancer who underwent radical gastrectomy.

Clinicopathological parameters Total number (%) LNM (n [%]) Non-LMN (n [%])

/(mean + SD) /(mean + SD) /(mean + SD)

Hypertension

Absent 688 (64.8) 109 (67.3) 579 (64.4)

Present 373 (352) 53 (32.7) 320 (35.6)
Diabetes

Absent 968 (91.2) 148 (91.4) 820 (91.2)

Present 93 (8.8) 14 (8.6) 79 (8.8)
Age (years) 63.04 + 10.48 6241 + 11.51 63.15 + 10.29
Gender

Male 733 (69.1) 103 (63.6) 630 (70.1)

Female 328 (30.9) 59 (36.4) 269 (29.9)
BMI (kg/m?)

<185 61 (5.7) 11 (6.8) 50 (5.6)

18.5-24 611 (57.6) 90 (55.6) 521 (58.0)

>24 389 (36.7) 61 (37.7) 328 (36.5)

Frontiers in Oncology

03

(Continued)

frontiersin.org


https://doi.org/10.3389/fonc.2023.1201499
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al. 10.3389/fonc.2023.1201499

TABLE 1 Continued

Clinicopathological parameters Total number (%) LNM (n [%]) Non-LMN (n [%])

/(mean + SD) /(mean + SD) /(mean + SD)

Depth of invasion

Mucosa 476 (44.9) 22 (13.6) 454 (50.5)
Submucosa 585 (55.1) 140 (86.4) 445 (49.5)
‘ Differentiation
Poorly 550 (51.8) 114 (70.4) 436 (48.5)
Moderately 355 (33.5) 45 (27.8) 310 (34.5)
Highly 156 (14.7) 3(1.9) 153 (17.0)
‘ Ulcer
Absent 358 (33.7) 35 (21.6) 323 (35.9)
Present 703 (66.3) 127 (78.4) 576 (64.1)
‘ Diameter (cm)
<2 616 (58.1) 62 (38.3) 554 (61.6)
2-3 257 (24.2) 53 (32.7) 204 (22.7)
>3 188 (17.7) 47 (29.0) 141 (15.7)
‘ Location
Cardia/fundus 180 (17.0) 14 (8.6) 166 (18.5)
Gastric body 181 (17.0) 28 (17.3) 153 (17.0)
Antrum/pylorus 700 (66.0) 120 (74.1) 580 (64.5)
‘ Paris classification
Polyp 79 (7.4) 16 (9.9) 63 (7.0)
Flat 533 (50.2) 53 (32.7) 480 (53.4)
Depressed 449 (42.3) 93 (57.4) 356 (39.6)
WBC (109/L) 5.69 £ 1.76 551 £ 1.84 572 £ 1.74
LY (109/L) 1.70 + 0.59 1.60 + 0.53 1.72 + 0.60
MO (10°/L) 0.41 + 0.15 0.39 +0.14 0.41 % 0.15
NE (109/L) 343 +1.50 3.36 £ 1.67 344 + 146

PLT (10°/L)

202.98 + 65.57

215.05 + 73.55

200.80 + 63.83

HGB (g/L) 133.10 + 20.56 130.08 + 20.04 133.64 + 20.62
Fib (g/L) 278 +0.73 2.78 +0.80 278 +0.72
ALB (g/L) 41.64 + 4.90 40.77 + 4.94 41.80 + 4.88
PAB (mg/L) 227.43 + 56.80 218.12 + 53.69 229.10 + 57.21
TC (mmol/L) 455 +0.97 456 + 1.17 455 +0.93
TG (mmol/L) 1.70 + 6.14 133 £0.76 1.76 + 6.66
HDL (mmol/L) 1.58 + 6.93 1.20 +0.32 1.65 + 7.52
LDL (mmol/L) 2.87 +5.86 2.69 +0.79 2.90 + 6.36
NLR 231+ 186 245 +2.61 228 + 1.70
MLR 026 +0.14 0.26 +0.12 026 +0.15
PLR 13132 + 61.84 150.04 + 88.80 127.95 % 55.00
FPR 1349 + 8.12 13.90 + 6.96 13.42 + 831
FAR 0.07 + 0.03 0.07 + 0.02 0.07 + 0.03

BMI, body mass index; WBC, white blood cells; LY, lymphocytes; MO, monocytes; NE, neutrophils; PLT, platelets; HGB, hemoglobin; Fib, fibrinogen; ALB, albumin; PAB, prealbumin; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte

ratio; PLR, platelet-to-lymphocyte ratio; FPR, fibrinogen-to-prealbumin ratio; FAR, fibrinogen-to-albumin ratio.

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2023.1201499
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al.

3.2 Screening of variables

In the training set, patients were divided into lymph node
metastasis (+) group and non-lymph node metastasis (=) group
based on postoperative pathological findings. The LASSO cross-
validation was used to screen variables, and the results showed that
four relevant factors with non-zero coefficients for EGC patients
with LNM were screened at the optimum lambda (A = 0.0456966,
i.e., lambda.lse), including depth of invasion, tumor size, degree of
differentiation, and platelet-to-lymphocyte ratio (Figure 2).

3.3 Multivariate analyses in the training set

The screened variables were subsequently included in a
multivariate logistic analysis using backward stepwise regression
to obtain the smallest Akaike information criterion (AIC) to
improve conciseness and accuracy. Four variables proved to be
independent risk factors (p < 0.05) and were included in the final
model (Table 2).

10.3389/fonc.2023.1201499

3.4 Development and validation of
the nomogram

The nomogram was created depending on the impact of these
variables on LNM (Figure 3). The line segments corresponding to
each of the four variables are labeled with scales representing the
range of the value. The Points (range from 0 to 100) represent the
individual score for each variable at different values, and the sum of
the individual scores of all the variables taken together is the Total
Points (range from 0 to 180). By drawing a vertical line downward,
we can find out the corresponding probability of lymph node
metastasis in the patient. The AUC values were 0.775 (95%CI
0.734-0.816) and 0.792 (95%CI 0.729-0.855) for the training and
validation groups, respectively. In the training set, the sensitivity
was 0.852, and the specificity was 0.596. In the validation set, the
sensitivity was 0.787, and the specificity was 0.705. The C-index was
consistent with the AUC. Both calibration curves showed great
consistency in the predictive and actual values. The Hosmer-
Lemeshow (H-L) test was carried out in two cohorts, showing
excellent performance with p-value >0.05 (0.684422, 0.7403046).

33033 32 32 32 33 20 25 24 19 15 98 4 1 1

Coefficients.

L L L

Mean-Squared Error

L

0115 0120 0125 0130 0135 0.140

Log Lambca

FIGURE 2

(A) Identification of the optimal penalization coefficient lambda (A) in the LASSO model with 10-fold cross-validation in the training set. (B) LASSO
coefficient profiles of 33 features. LASSO, least absolute selection and shrinkage operator.

TABLE 2 Multivariate analysis of independent risk factors in the training set.

B SE OR 95%Cl z p
Depth of invasion
Mucosal Ref Ref Ref Ref Ref Ref
Submucosal 1.682 0.291 5.38 3.04-9.51 5.773 <0.001
Differentiations
Poorly Ref Ref Ref Ref Ref Ref
Moderately -0.416 0.232 0.66 0.42-1.04 -1.791 0.073
Highly -2.218 0.739 0.11 0.03-0.46 -3.001 0.003
Diameter (cm)
<2 Ref Ref Ref Ref Ref Ref
2-3 0.648 0.261 191 1.15-3.19 2.479 0.013
>3 0.954 0.272 2.60 1.52-4.42 3.503 <0.001
PLR 0.004 0.002 1.00 1.00-1.01 2.958 0.003
PLR, platelet-to-lymphocyte ratio.
Frontiers in Oncology 05 frontiersin.org


https://doi.org/10.3389/fonc.2023.1201499
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al.

FIGURE 3
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Nomogram for the prediction of LNM in EGC. PLR, platelet-to-lymphocyte ratio; LNM, lymph node metastasis; EGC, early gastric cancer.

Decision curve analysis was plotted in the training set and
validation set to see a good clinical benefit (Figure 4). In the

FIGURE 4
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(A, B) Receiver operating characteristic (ROC) curves for the prediction of LNM in the training set and validation set. (C, D) Calibration curves in the
training set and validation set. The x-axis represents the predicted probability from the nomogram, and the y-axis is the actual probability of LNM in
GC patients. (E, F) Decision curve analysis (DCA) in the training set and validation set. The y-axis represents net benefits, calculated by subtracting

the relative harm (false positives) from the benefits (true positives). The x-axis calculates the threshold probability. LNM, lymph node metastasis; GC,

gastric cancer.
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4 Discussion

Currently, although image diagnostic technologies, such as
computed tomography (CT), magnetic resonance imaging (MRI),
and endoscopic ultrasonography (EUS), are able to detect the
presence of enlarged regional lymph nodes, none of them is reliable
for accurately judging the status of lymph nodes (29, 30). Therefore,
new predictive methods are needed to estimate lymph node metastasis.

The problem has caused numerous discussions, while
consensus has nearly been reached on the impact of factors like
depth of invasion and degree of differentiation. When the lesion
infiltrates into the submucosa, the risk of lymph node metastasis is
significantly increased, which has been verified in many
experiments (31-33) and is consistent with the results of our
study. Meanwhile, poor differentiation is also reckoned as a
higher risk factor for lymph node metastasis (6, 33-35).
Additionally, research showed that LNM risk is proportional to
tumor size (28, 36, 37). Other studies also proved that LNM is
associated with gender, indicating that women with EGC have a
higher risk of LNM (12, 28, 32, 38). However, corresponding
conclusions cannot be drawn in our study.

In addition, the causal relationship between inflammation and
cancer has been widely accepted. As is known to us, inflammation
contributes to physiological and pathological processes, while the
activation and directed migration of leukocytes from the venous
system to sites of damage plays a crucial role, including neutrophils,
monocytes, and eosinophils. At the same time, platelet activation and
aggregation not only accelerate coagulation but also supplies the
immediate area with large amounts of secreted proteins and alpha
particles, all of which help initiate and accelerate the inflammatory
response. Thus, PLR has been extensively examined in neoplastic
diseases, while several studies have demonstrated the value of the
level of PLR in evaluating the severity of systemic inflammation and
prognosis. In our study, PLR is significantly correlated with the
occurrence of LNM in patients with EGC, while in other studies,
higher PLR were more likely to have LNM (39) and had decreased
overall survival (OS) and disease-free survival (DFS) (23). However, the
result of another study deviated from our results, which found that PLR
had nothing to do with LNM as well as the prognosis of EGC patients
(40). The opposite conclusions may be attributed to different
participants. Nevertheless, our study had a larger sample size and
conducted internal verification. So far, there have not been any
predictive nomograms containing PLR as well as a good performance.

Even though previous studies have shown that lymphovascular
invasion (LVI) is closely related to lymph node metastasis (31-33, 38,
41-43), we did not take it into our model on account of the fact that
LVI cannot be confirmed before surgery. Moreover, some classic tumor
markers like carbohydrate antigen 19-9 (CA19-9) (16, 17, 44, 45),
HER-2 (46), and Ki-67 (17) are also included in several studies and
have proven to be effective. What is novel is that Zhang, X., et al. proved
the predictive value of fecal occult blood test (FOBT) (17) in patients
after ESD, and the conclusion still needs additional proof. Nonetheless,
since only a fraction of patients underwent the relative examination, we
did not take the above variables into our study to avoid selection bias.

Our study confirmed the effectiveness of PLR in predicting
LNM in patients with EGC before surgery and established a

Frontiers in Oncology
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prediction nomogram based on preoperative data and
pathological examination, although its utility in clinical practice
needs to be further verified.

The study had several limitations. First, since it was a retrospective
study, bias would inevitably exist due to the loss of data. Then, certain
parameters such as tumor size and infiltration depth were confirmed by
postoperative pathology, and deviations could appear between
preoperative and postoperative biopsies. Finally, the detection of
ulcers and the judgment of morphological features may vary slightly
depending on the experience of different operating physicians.

5 Conclusion

The results of our study indicated that LNM is concerned with
tumor size, depth of infiltration, degree of differentiation, and PLR.
Aside from traditional pathological markers, the impact of PLR on
patients deserves further exploration.
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