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Objective: Breast cancer (BC) is a common malignant tumor among women, the local recurrence, lymph node metastasis (LNM), 
and distant metastasis are the key factors affecting the prognosis of patients. tRNA-derived small RNAs (tDRs) are non-coding small 
RNA fragments [16–40 nucleotides (nt) in length] that play an important role in carcinogenesis and can serve as novel biological 
markers for the diagnosis and prognosis of various tumors. Accumulating evidence suggests that blood-based inflammatory indicators 
are linked with the pathogenesis of BC. However, the clinical significance of the combination of tDRs and inflammatory indicators 
in BC patients with LNM is still unclear.
Methods: The serum samples were collected from 175 patients with BC admitted to our hospital during June 2021 and May 2024, 
and 94 age-matched healthy women, and the clinical data of the research subjects were recorded. Serum 3′tRF-AlaAGC levels were 
measured using quantitative real-time PCR (qRT-PCR) and the blood-based inflammatory indicators were calculated from peripheral 
blood samples. Lasso-cox regression and multiple logistic regression were employed for variable selection. Receiver operating 
characteristic (ROC) was used to calculate the cut-off value of variables. Spearman correlation test was used to examine the correlation 
between 3′tRF-AlaAGC levels and neutrophil to HDL-C ratio (NHR), lymphocyte-to-monocyte ratio (LMR). A nomogram model for 
risk assessment of LNM in BC was established by using the rms package of R software.
Results: Serum 3′tRF-AlaAGC levels in BC patients with LNM were significantly higher than that in without LNM [5.17 (1.79, 
16.55) vs 11.68 (2.64, 58.74), P=0.009]. The variables screened by Lasso-cox regression including 3′tRF-AlaAGC, NHR and LMR, 
with optimal cut-off values of 18.78, 2.94 and 5.41, respectively. NHR levels were significantly negatively associated with LMR in 
low 3′tRF-AlaAGC expression groups (r=−0.209, P=0.021). Multivariate logistic regression analysis confirmed that 3′tRF-AlaAGC 
(OR: 3.242, 95% CI: 1.583–6.641, P=0.001), NHR (OR: 3.305, 95% CI: 1.543–7.079, P=0.002), and LMR (OR: 0.329, 95% CI: 
0.150–0.723, P=0.006) were independent risk factors of BC with LNM. The C-statistic of the nomograms model was 0.704, with 
a sensitivity of 57.14% and a specificity of 77.14%.
Conclusion: 3′tRF-AlaAGC >18.78, NHR > 2.94, and LMR ≤ 5.41 were the independent risk factors of BC with LNM. The 
nomogram model incorporating 3′tRF-AlaAGC, NHR and LMR can effectively predict the risk of LNM of BC patients.
Keywords: 3′tRF-Ala-AGC, neutrophil to high-density lipoprotein ratio, NHR, lymphocyte-to-monocyte ratio, LMR, lymph node 
metastasis, breast cancer

Introduction
Breast cancer (BC) is the most common malignant tumor and the second main cause of cancer-related deaths in women 
worldwide.1 Recent data have suggested that the incidence rate of BC increased during 2015–2019 by 0.6% - 1% 
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annually, accounting for approximately 32% of new cases and 15% of deaths from female cancers.2 For about half 
a century, in the field of clinical oncology, in addition to traditional surgery, radiotherapy and chemotherapy, new 
treatments for cancer targeting the tumor immune microenvironment have also rapidly developed.3 Despite this, more 
than 19% of BC patients still have recurrence and metastasis 3 years after surgery, and the 5-year survival rate for 
metastatic is only 14%.4 Lymph nodes are parts of the locoregional metastasis and the main doorway for tumor cell 
escape from the primary site to other regions of the body.5 Patients diagnosed with lymph node metastasis (LNM) are 
prone to distant metastasis and have poorer overall survival rate compared to those without LNM. However, the early- 
stage BC is potentially curable.6 Therefore, there is an urgent need for early detection and discovery of new therapeutic 
targets to reduce the metastasis rate and mortality of BC.7

tRNA-derived small RNAs (tDRs) are small non-coding RNA molecules produced by specific nucleases, such as 
Dicer, ELAC2/RNase Z, and angiogenin. It is derived from specific cleavage of precursors or mature tRNA and can 
participate in various tumorigenesis and development.8,9 In addition, the increasing evidence reveals that tDRs are 
abnormally expressed in metabolic diseases, neurological diseases, and malignant tumor.10 Specifically, research has 
suggested that i-tRF-AsnGTT has a low and stable expression level in gastric cancer (GC), which can differentiate 
between patients with GC and gastritis and healthy donors with better diagnostic efficacy,11 while serum tRF31- 
79MP9P9NH57SD appears to be overexpressed in non-small cell lung cancer (NSCLC) patients and related to both 
clinical stage and lymph node metastasis.12 Moreover, tRF-33-RZYQHQ9M739P0J was highly expressed in hepatocel
lular carcinoma (HCC), and its expression was correlated with metastasis, tumor-node-metastasis (TNM) stage, 
Barcelona Clinic Liver Cancer (BCLC) stage, and vein invasion. High serum tRF-33-RZYQHQ9M739P0J levels are 
associated with low survival rates.13 Our previous study identified that a 3′tRF fragment, 3′tRF-AlaAGC, was signifi
cantly overexpressed in the serum of BC patients, and higher expression of 3′tRF-AlaAGC was associated with TNM 
stage and LNM.14 Therefore, it is reasonable to believe that 3′tRF-AlaAGC can serve as candidate molecular marker for 
monitoring BC.

Over the past decade, inflammation has been demonstrated to play essential role in the process of carcinogenesis.15 

Chronic inflammation promotes the initiation and progression of cancer by altering the tumor microenvironment and 
activating endogenous or exogenous signaling involving multiple inflammatory mediators and proteins.16 Several 
biomarkers for measuring systemic inflammation such as, neutrophil-to-lymphocyte ratio (NLR), platelet-to- 
lymphocyte ratio (PLR), LMR, systemic immune-inflammation index (SII) have been proved to be critical progression 
indicators of many cancers, including bladder cancer, urothelial carcinoma, and colorectal cancer.17–19 Recent researches 
have confirmed that high-density lipoprotein cholesterol (HDL-C) plays a crucial role in anti-inflammatory, anti- 
oxidation and anti-apoptotic functions.20,21 Reduced HDL-C levels have been shown to be associated with poor 
prognosis in several disease. The neutrophil to HDL-C ratio (NHR), platelet to HDL-C ratio (PHR), and monocyte to 
HDL-C ratio (MHR) have emerged as prognostic biomarker in cardiovascular events, cancer, and metabolic 
syndrome.22–25 It is important that these biomarkers could be easily measured through the routine blood tests of cancer 
patients. Despite this, research on the clinical potential significance of these inflammatory markers in BC patients with 
LNM is limited. Furthermore, to date, there has been little research on the combined diagnostic accuracy of inflammatory 
markers and other serum tumor biomarkers in BC.

This is the first study to simultaneously detect the levels of serum 3′tRF-AlaAGC and calculate the inflammatory 
markers based on peripheral blood test in BC patients. Additionally, we employed the Lasso-cox regression and multiple 
logistic regression to screen parameters to construct a nomogram model. Our present study may provide a new less- 
invasive method with highly accurate for the diagnosis of BC patients with LNM, which is of great potential value in 
improving the prognosis of BC patients.

Materials and Methods
Serum Samples
The present study was conducted in accordance with the Declaration of Helsinki (as revised in 2013) and approved by the 
Ethical Committee of Nanjing Medical University. We collected serum samples from patients who visited the thoracic 
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surgery department of Jiangsu Cancer Hospital from June 2021 and May 2024. The diagnosis was based on the tissue 
sample obtained during breast pathological biopsy and confirmed by postoperative pathology. Patients were included if 
they met the following criteria:26 (1) Female patients; (2) Age at 18–75 years; (3) Primary breast cancer; (4) Not 
receiving any therapeutic procedures, including surgery, chemotherapy, neoadjuvant chemotherapy and other anti-tumor 
treatments; (5) Complete collection of clinical or pathological data; (6) No distant metastasis; (7) No history of malignant 
hematologic disease, severe hepatic or renal disease; (8) No history of serious immune disorders or hyperlipidemia. 
A total of 175 patients were involved in this study, and 105 patients without lymph node metastasis, seventy patients with 
lymph node metastasis, according to the American Joint Committee on Cancer (AJCC)/Union for International Cancer 
Control (UICC) 8th edition staging system. The clinicopathological characteristics of these 175 cases were shown in 
Table S1. Furthermore, serum from 94 cases of healthy controls was also obtained. Serum samples were extracted from 
whole blood after centrifugation (2800 g, 10 min) and stored at −80 °C until further processing. A flow chart of the study 
is provided in Figure 1.

Figure 1 The flowchart of the study design and analysis. 
Abbreviation: LNM, lymph node metastasis.
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RNA Isolation, cDNA Synthesis and Quantitative Real-Time PCR
Total RNAs of serum samples were extracted with TRIzol LS reagent, according to the manufacturer’s protocol. The OD 
260/280 absorbance ratios of all the samples were between 1.8 and 2.0. Then, the RNA was quantified using 
a riboSCRIPT™ Reverse Transcription Kit (Ribobio, China) following the manufacturer’s protocol and reverse tran
scribed to cDNA with Bulge-loop™ miRNA qRT-PCR primers (Ribobio, China) specific for 3′tRF-AlaAGC. SYBR 
Green Mix was used to perform qPCR in a volume of 10 µL. After adding forward primer and reverse primer, the 
mixtures were incubated at 95°C for 10 min, followed by 40 cycles at 95°C for 10s, 60°C for 20s, and 70°C for 10s. 
RNU6B was used for 3′tRF-AlaAGC template normalization. RT-qPCR was performed as previously described.14

Laboratory Data Extraction
Laboratory indicators measured for the first time on admission of the patients: neutrophils (NE), lymphocytes (LY), 
monocytes (MO), platelets (Plt), fibrinogen (Fbg), albumin (Alb), lactic dehydrogenase (LDH), high-density lipoprotein 
cholesterol (HDL-C). Besides, the tumor markers (CEA: carcinoembryonic antigen, CA19-9: carbohydrate antigen 19–9, 
and CA125: carbohydrate antigen 125) were also measured.

The calculation formula of peripheral blood derived inflammatory marker including fibrinogen-to-lymphocyte ratio 
(FLR), NLR, PLR, LMR, SII, prognostic nutritional index (PNI), the systemic inflammation response index (SIRI), 
aggregate index of systemic inflammation (AISI), (neutrophil + monocyte)-to-lymphocyte ratio (NMLR), NHR, MHR, 
lymphocyte to HDL-C ratio (LHR) and PHR according to the following equations: FLR = Fbg/LY, NLR = NE/LY, PLR = 
Plt/LY, LMR = LY/MO, SII = (NE × Plt)/LY, PNI = Alb(g/L) + 5×LY, SIRI = (NE × MO)/LY, AISI = (NE × Plt×MO)/LY, 
NMLR = (NE+MO)/LY, NHR = NE/HDL-C, MHR= MO/HDL-C, LHR = LY/HDL-C, and PHR = Plt/HDL-C.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics Version 20.0, GraphPad Prism v9.4.1 and R version 
4.2.1. To analyze the distribution of 3′tRF-AlaAGC and inflammatory markers of patients, results were compared 
using Mann–Whitney U-test, and the data are reported as median (range). Categorical variables were presented as 
frequencies and percentages and compared with Chi-square tests. Lasso-cox regression and multiple logistic 
regression were employed for variable selection and nomogram model construction. Spearman correlation test 
was used to examine the correlation between 3′tRF-AlaAGC levels and NHR, LMR. In addition, the optimal cut- 
off values for the 3′tRF-AlaAGC, NHR and LMR were selected using receiver operating characteristic analysis. 
Sensitivity, specificity and Youden’s index for prediction of LNM were calculated for 3′tRF-AlaAGC, NHR and 
LMR. Youden’s index (in percent) was calculated as (sensitivity + specificity − 1) × 100.27 Finally, the nomogram 
model was constructed from the multivariate logistic regression results, and its discriminatory ability was 
determined by receiver operating characteristic-area under curve (ROC-AUC). Two-sided p-value of less than 
0.05 was considered statistically significant.

Results
Evaluation of Serum 3′tRF-AlaAGC Level in Patients with BC
We have expanded the serum sample size on the basis of the original.14 A total of 269 serum samples, including those 
from patients with BC (n = 175), and healthy controls (n = 94) were examined by quantitative real-time PCR. Serum 3′ 
tRF-AlaAGC levels were significantly higher in BC patients compared to healthy controls [7.79 (1.86, 26.96) vs 1.09 
(0.31, 5.81), P<0.001]. Meanwhile, higher expression of 3′tRF-AlaAGC was observed in patients with LNM [5.17 (1.79, 
16.55) vs 11.68 (2.64, 58.74), P=0.009] (Figure 2).

Baseline Characteristics of BC Patients According to Status of LNM
In the present study, seventy BC patients (40%) were pathologically diagnosed with LNM. As shown in the Table 1, the 
medians of 3′tRF-AlaAGC, CA153, FLR, NLR, LMR, SII, SIRI, AISI, NMLR, NHR, MHR and PHR and the difference 
between the two groups were statistically significant (all P<0.05). In contrast, age (P=0.503), BMI (P=0.086), CEA 
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(P=0.478), CA125 (P=0.163), LDH (P=0.609), PLR (P=0.122), PNI (P=0.610) and LHR (P=0.555) showed no 
statistically significant differences between the two groups. What’s more, there was no statistically significant difference 
in the positive rates of ER, PR, HER-2 and Ki-67 between patients with LNM and those without LNM (P>0.05).

Figure 2 3′tRF-AlaAGC expression levels in serum samples. Scatter plot representation of serum 3′tRF-AlaAGC levels in healthy controls and breast cancer patients. 
RNU6B was used for 3′tRF-AlaAGC template normalization. **P<0.01, ***P<0.001. 
Abbreviation: LNM, lymph node metastasis.

Table 1 Comparison of Clinicopathological Characteristics in Breast 
Cancer Patients with or without Lymph Node Metastasis

Characteristics No Lymph Node 
Metastasis (n=105)

Lymph Node  
Metastasis (n=70)

P value

Age 56(46–63) 54(47–59) 0.503
BMI 24.14(21.25–26.56) 24.85(23.45–26.85) 0.086

3′tRF 5.17(1.79–16.23) 11.68(2.7–52.64) 0.009**

CEA (ng/mL) 1.69(1.2–2.59) 1.91(1.27–2.92) 0.478
CA125 (U/mL) 9.89(7.68–14.1) 10.8(8.14–17.08) 0.163

CA153 (U/mL) 9.32(7.28–14.1) 11.05(8.48–19.08) 0.038*

LDH 175(156–197) 180(160–196) 0.609
FLR 1.49(1.26–1.88) 1.74(1.43–2.05) 0.021*

NLR 1.7(1.42–2.24) 1.91(1.57–2.45) 0.034*

PLR 122.41(96.81–159.63) 133.79(107.36–161.88) 0.122
LMR 4.6(3.94–5.90) 4.22(3.68–4.98) 0.020*

SII 352.29(253.75–516.12) 423.17(336.52–544.34) 0.020*

PNI 53.3(50.7–56) 53.7(51–56.63) 0.610
SIRI 0.63(0.47–0.87) 0.76(0.56–0.94) 0.011*

AISI 134.44(85.17–214.19) 170.13(114.59–218.34) 0.029*

NMLR 1.94(1.58–2.41) 2.15(1.77–2.69) 0.024*
NHR 2.19(1.65–2.58) 2.44(1.97–3.43) 0.008**

(Continued)
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Prediction Model Built Based on Lasso-Cox Regression
We analyzed 13 variables with differences between the two groups of LNM and without LNM to screen parameters using 
Lasso-cox regression, and the variation characteristics of the coefficient of these variables were shown in Figure 3A. The 
10-fold cross validation method was applied to the iterative analysis, and a model with excellent performance but 
minimum number of variables was obtained when λ was 0.058 (Log λ= −1.237) (Figure 3B). Finally, we screened 3 
variables (3′tRF-AlaAGC, NHR and LMR) through Lasso regression to construct the new prediction model.

Table 1 (Continued). 

Characteristics No Lymph Node 
Metastasis (n=105)

Lymph Node  
Metastasis (n=70)

P value

MHR 0.26(0.19–0.32) 0.29(0.23–0.41) 0.023*
LHR 1.21(0.96–1.55) 1.29(0.95–1.62) 0.555

PHR 147.31(124.68–180.25) 168.20(136.41–206.18) 0.017*

ER 0.512
Positive 73(68.22) 48(68.57)

Negative 32(31.78) 22(31.43)

PR 0.636
Positive 66(61.68) 41(58.57)

Negative 39(38.32) 29(41.43)

Her-2 0.421
Positive 89(83.18) 56(80.00)

Negative 16(16.82) 14(20.00)

Ki-67 0.165
≤30% 60(57.14) 32(45.71)

>30% 45(42.86) 38(54.29)

Notes: The measurement data were expressed as the median and quartile (25%-75%), and the 
enumeration data were expressed as frequency and rate (%), *P<0.05, **P<0.01. 
Abbreviations: BMI, body mass Index (Kg/m2); 3′tRF, 3′tRF-AlaAGC; CEA, carcinoembryonic 
antigen; CA125, carbohydrate antigen 125; CA153, carbohydrate antigen 153; LDH, lactic dehy
drogenase; FLR, fibrinogen-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, plate
let-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic immune-inflammation 
index; PNI, prognostic nutritional index; SIRI, the systemic inflammation response index; AISI, 
aggregate index of systemic inflammation; NMLR, (neutrophil + monocyte)-to-lymphocyte ratio; 
NHR, neutrophil to HDL-C ratio; MHR, monocyte to HDL-C ratio; LHR, lymphocyte to HDL-C 
ratio; PHR, platelet to HDL-C ratio; ER, estrogen receptor; PR, progesterone Receptor; Her-2, 
epidermal growth factor receptor-2.

Figure 3 Screening of variables based on Lasso-Cox regression. (A) The variation characteristics of the coefficient of variables; (B) The selection process of the optimum 
value of the parameter λ in the Lasso regression model by 10-fold cross validation method.
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ROC Curve for Screening Variables of LNM in BC Patients
In order to evaluate the predictive values of 3′tRF-AlaAGC, NHR and LMR for the presence and severity of LNM, we 
performed an area under of ROC-AUC analysis. As shown in Table 2, the ROC-AUC of 3′tRF-AlaAGC for differentiat
ing LNM from without LNM was 0.617 (95% CI: 0.530–0.703). The Yonden’s index was 0.21, and was associated with 
a cut-off value of 18.78 for 3′tRF-AlaAGC, corresponding to a sensitivity of 42.86% and a specificity of 78.10%. And 
then, the optimal cut-off value of NHR and LMR were 2.94 and 5.41, respectively. The AUC of NHR was 0.619, the 
95% CI was 0.532–0.706, the sensitivity was 37.14%, and the specificity was 84.76%. The AUC of LMR was 0.604, the 
95% CI was 0.519–0.688, the sensitivity was 82.86%, and the specificity was 38.10%.

Correlation Analysis of Serum 3′tRF-AlaAGC, NHR and LMR
The Spearman correlation test was used to examine the correlation between levels of 3′tRF-AlaAGC, NHR and LMR. 
Unfortunately, there is no significant correlation between 3′tRF-AlaAGC and NHR, LMR in the present study. But the 
levels of NHR was significantly negative correlated with LMR (r=−0.188, P=0.012, Figure 4A). Subsequently, we 
divided the patients into high and low expression groups based on 3′tRF-AlaAGC’s cut-off value of 18.78, with 122 
patients showing low expression and 53 showing high expression. As shown in Figure 4B, NHR levels was significantly 
negative associated with LMR in low 3′tRF-AlaAGC expression groups (r=−0.209, P=0.021). However, no similar 
results were observed in the high expression groups (r=−0.141, P=0.313).

Multivariate Analysis of Logistic Regression Model for Predicting LNM
We used the occurrence of LNM as the dependent variable (negative = 0, positive = 1), 3′tRF-AlaAGC (≤18.78 = 0, 
>18.78 = 1), NHR (≤2.94 = 0, >2.94 = 1) and LMR (≤5.41 = 0, >5.41 = 1), as independent variables for multivariable 
logistic regression analysis, employing a likelihood ratio test with maximum partial likelihood estimation (forward: LR). 
The results showed that 3′tRF-AlaAGC (OR: 3.242, 95% CI: 1.583–6.641, P=0.001), NHR (OR: 3.305, 95% CI: 

Table 2 Diagnostic Efficiency of Hematological Indicators for BC Patients with Lymph Node Metastasis

Factors AUC 95% CI Se (%) Sp (%) Ac (%) PPV (%) NPV (%) Cutoff value Youden’s Index

3′tRF 0.617 0.530–0.703 42.86 78.10 64.00 56.60 67.21 18.78 0.210
NHR 0.619 0.532–0.706 37.14 84.76 65.71 61.91 66.92 2.94 0.219

LMR 0.604 0.519–0.688 82.86 38.10 56.00 47.15 76.92 5.41 0.210

Abbreviations: BC, breast cancer; AUC, area under curve; CI, confidence interval; Se, sensitivity; Sp, specificity; Ac, accuracy; PPV, positive predictive 
value; NPV, negative predictive value; 3′tRF, 3′tRF-AlaAGC; NHR, neutrophil to HDLC ratio; LMR, lymphocyte-to-monocyte ratio.

Figure 4 Correlation analysis of serum 3′tRF-AlaAGC, NHR and LMR. (A) A negative correlation was found between levels of NHR and LMR in breast cancer patients. (B) 
NHR levels was significantly negative associated with LMR in low 3′tRF-AlaAGC expression groups. 
Abbreviations: 3′tRF, 3′tRF-AlaAGC; NHR, neutrophil to HDL-C ratio; LMR, lymphocyte-to-monocyte ratio.
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1.543–7.079, P=0.002), and LMR (OR: 0.329, 95% CI: 0.150–0.723, P=0.006) were independent risk factors of BC with 
LNM (Table 3). Subsequently, we obtained a classification discriminant equation using the above results to ascertain 
whether patients BC with LNM, as follow: logit (P) = −0.786+1.176*3′tRF-AlaAGC+1.195*NHR-1.111*LMR (χ2= 
28.951, P<0.01), for which the critical value is 0.50, thus, if the logit (P) of a case is larger than 0.50, it belongs to 
the BC with LNM, and the prediction accuracy is 69.14%. The calibration ability of the prediction model was evaluated 
through the Hosmer-Lemeshow goodness of fit test. The results indicated that there is no statistically significant 
difference between the predicted values of the model and the actual observed values (χ2= 2.781, P=0.595).

Nomogram Model for Risk Assessment of BC with LNM
The logistic regression model of 3′tRF-AlaAGC, NHR, and LMR was established by the R language rms package, and 
the C statistic of its evaluation was 0.704, the 95% CI was 0.627–0.781, with a sensitivity of 57.14%, a specificity of 
77.14% and an accuracy of 69.14%, indicating that the prediction model had certain accuracy (Figure 5A). And then, the 
plotting function was constructed and the nomogram was plotted (Figure 5B). A score of 3′tRF-AlaAGC > 18.78 was 98 
points, while a score of 3′tRF-AlaAGC ≤ 18.78 was 0 points; a score of NHR >2.94 was 100 points, while a score of 
NHR ≤ 2.94 was 0 points; a score of LMR > 5.41 was 0 points, while a score of LMR ≤ 5.41 was 93 points. The total 
score was 291 points, suggesting that the probability of LNM in BC was greater than 80%. The risk of BC with LNM can 
be predicted based on the total points (Table 4).

Table 3 Multivariate Analysis of Logistic Regression Model for Predicting 
Lymph Node Metastasis

Factors B SE Wals P value OR 95% CI

3′tRF

≤18.78 vs >18.78 1.176 0.366 10.337 0.001 3.242 1.583–6.641

NHR
≤2.94 vs >2.94 1.195 0.389 9.464 0.002 3.305 1.543–7.079

LMR

≤5.41 vs >5.41 −1.111 0.402 7.654 0.006 0.329 0.150–0.723
Constant −0.786 0.248 10.029 0.002 0.456

Abbreviations: B, Beta coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; 3′ 
tRF, 3′tRF-AlaAGC; LMR, lymphocyte-to-monocyte ratio; NHR, neutrophil to HDLC ratio.

Figure 5 Prediction model for risk assessment of breast cancer with lymph node metastasis. (A) ROC curve of the combined factors; (B) Nomogram of the logistic 
regression model. 
Abbreviations: AUC, Area Under Curve; CI, confidence interval, NHR, neutrophil to HDL-C ratio, LMR, lymphocyte-to-monocyte ratio.
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Discussion
BC is the most common malignant tumor among women worldwide, with lymph node metastasis being the primary cause of 
death.28 Currently, pathological biopsy is the gold standard for identifying LNM in patients with BC.29 Moreover, sentinel 
lymph node biopsy (SLNB) is the standard clinical procedure for pathological biopsy in BC patients. However, this procedure 
is invasive and may lead to overtreatment in SLN-negative BC. In addition, there are still some complications, such as 
lymphedema, impaired shoulder range of motion, shoulder/arm pain, infection and seroma, etc.30,31 Besides, the most 
common tumor markers CEA, CA125 or CA153 are not the unique biomarkers for BC diagnosis because of their poor 
sensitivity and specificity. Therefore, it is crucial to identify feasible, less-invasive, effective and easily accessible indicators. 
Research has revealed that serum miRNA profiles (miR-629-5p, miR-629-3p, miR-4710, and miR-4492) may be useful for 
the diagnosis of axillary lymph node metastasis in BC before surgery in a less-invasive manner than sentinel lymph node 
biopsy.26 tDRs is an active process resulting from the cleavage of tRNAs by multiple enzymes, which plays important roles in 
regulating transcription and translation, similar to miRNAs.32,33 Importantly, tDRs are shorter in length and less susceptible to 
degradation by RNAs enzymes compared to miRNAs, making them more ideal low-invasive biomarker.11

Previous study revealed that the AUC of i-tRF-AspGTC and tRF-1-SerCGA for predicting the early diagnostic 
efficiency of NSCLC were 0.656 and 0.688, respectively. They could be used as predictive indicators for diagnosis of 
NSCLC.34 Mao et al analyzed 115 patients with GC and confirmed that the diagnostic value of tRF-17-18VBY9M was 
higher than that of CEA, CA199 and CA724, suggesting that tRF-17-18VBY9M has good diagnostic potency in GC 
serum.35 In BC, tRF-Gly-CCC-046, tRF-Tyr-GTA-010 and tRF-Pro-TGG-001 were downregulated in both tissues and 
serum from BC patients, and AUC of the combined tDRs for differentiating early diagnosis of BC was 0.799.36 Despite this, 
there is little research on tDRs for diagnosing LNM in BC. In our present study, we showed that 3′tRF-AlaAGC levels were 
significantly higher in the serum of BC patients, and the higher expression levels of 3′tRF-AlaAGC was associated with 
LNM. Additionally, 3′tRF-AlaAGC was one of the variables characteristics related to LNM of BC screened by Lasso-cox 
regression. It is reasonable to believe that 3′tRF-AlaAGC has diagnostic potency of monitoring LNM in BC patients.

Current evidence shows that chronic inflammation is inextricably linked to different stages of tumorigenesis, 
proliferation, invasion, metastasis, and apoptosis.37,38 Inflammatory responses play decisive roles at different stages of 
tumor development and also affect immune surveillance and responses to therapy.39 When immune cells, including 
lymphocytes and neutrophils, are activated, they release pro-inflammatory and anti-inflammatory mediators.40 

Neutrophils are the first line of inflammatory response, producing cytokines that affect lymphocytes and monocytes.41 

Due to the release of chemokines and cytokines such as vascular endothelial growth factor (VEGF), neutrophils can 
accelerate angiogenesis, enhance tumor cell adhesion, and promote distant metastasis and tumor metastasis.42 

Lymphocytes play a crucial role in anti-tumor immune activity and tumor related immune response, and tumor infiltrating 
T lymphocytes inhibit tumor cell growth and invasion by enhancing apoptosis.43,44 Beyond that, activated monocytes 
interact with damaged endothelial cells, inducing the secretion of pro-inflammatory cytokines and adhesion molecules.45 

In addition, many studies indicated that HDL-C plays important anti-inflammatory and antioxidant roles in preventing the 

Table 4 Relationship Between Total 
Points and Risk of LNM for BC Patients

Total Points Risk of LNM (%)

<43 <20

43–88 20–30

89–125 31–40
126–158 41–50

159–192 51–60

193–230 61–70
231–275 71–80

>275 >80

Abbreviations: LNM, lymph node metastasis, BC, 
breast cancer.
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progression of atherosclerosis,46 as it is able to inhibit the activation and transformation of monocytes, thereby inhibiting 
the inflammatory response.47 These also explains the elevated levels of NHR and reduced levels of LMR in patients with 
LNM in the current study. The NHR is an effective biomarker of systemic inflammation and oxidative stress, and its 
prognostic ability in various diseases (such as cardiovascular diseases, Parkinson’s disease, diabetes, etc.) has been 
studied, but its clinical significance in malignant tumors has rarely been investigated.22,23,48,49 In hepatocellular 
carcinoma, NHR was a significant independent factor for 3-year mortality, and patients with NHR ≥ 3.5 have a high 
mortality rate.23 Previous studies have shown that LMR can be used as diagnostic and prognostic markers for laryngeal 
carcinoma.50 Huang et al confirmed that the level of LMR in colorectal cancer (CRC) were significantly lower than those 
in non-CRC subjects, and the ROC-AUC for differentiating CRC was 0.77 (sensitivity = 0.72 and specificity = 0.73).51 In 
this study, NHR and LMR were both selected as variables associated with LNM in BC by Lasso-cox regression 
screening. What’s more, when all patients were divided into high and low expression groups based on the cut-off 
value of 3′tRF-AlAGC, NHR levels was significantly negative associated with LMR in low 3′tRF-AlaAGC expression 
groups. The above results suggest that 3′tRF-AlaAGC is correlated with blood inflammation indicators.

The nomogram model in this study demonstrated a favorable identification effect for both LNM and without LNM cases, 
basing an AUC value of 0.704. The calibration curve and decision curve analyses further affirmed the nomogram model’s 
excellent discriminatory ability and clinical utility. Although the previous study demonstrated that 5′-tiRNAVal can 
distinguish BC patients with LNM from healthy controls,52 the discriminative power of tDRs between LNM and without 
LNM in BC, especially in combination with inflammatory markers, has not yet been conducted. Nomograms integrate several 
predicting factors and allow the score for each factor to be calculated using a scale, so that the total score can be used to predict 
the risk of a specific event. Nomograms have significantly benefited in diagnosis and prognosis of various malignancies.53 In 
head-neck squamous cell carcinoma, the survival nomogram models were established based on Aminoacyl tRNA Synthetase 
Complex Interacting Multifunctional Protein 1 (AIMP1) and Cornichon Family AMPA Receptor Auxiliary Protein 4 
(CNIH4), respectively, for clinical applications.54,55 In glioma, a nomogram was constructed for the prediction of 1-,3-,5- 
year survival based on multivariate Cox analysis.56 The approach was conductive to creation of a genuinely reliable prediction 
model before or after treatment, and help clinicians make accurate and wise clinical decisions.

Overall, the present study is a prospective study with a relatively large sample size and complete clinical pathological 
information, which reduces the selection bias and ensures the accuracy of diagnosis. For all that, our study has some 
limitations. First, this study was a single-institution one with clinical data collection, and it is necessary to conduct a Multi- 
institutional study with a wider patient population. Then, the cut-off value of 3′tRF-AlaAGC, inflammatory markers and 
other tumor markers was calculated only by mathematical methods, and the sensitivity and specificity of these laboratory 
data in predicting LNM need to be further verification in a multicenter large-scale prospective randomized controlled trial. 
Finally, this study divided the subjects into two groups based on whether or not they had LNM, without further subgrouping 
according to the degree of metastasis. This will be investigated more thoroughly in subsequent work.

Conclusions
This is the first study to apply tDRs and inflammatory markers to predict LNM of BC and to establish risk assessment 
models for LNM of BC. We identified 3′tRF-AlaAGC >18.78, NHR > 2.94, and LMR ≤ 5.41 as independent risk factors 
for LNM in BC patients. And the nomogram model constructed by 3′tRF-AlaAGC, NHR and LMR can correctly predict 
the risk of LNM of BC. In sum, we provide a new perspective for the combination of tDRs and inflammatory markers in 
the early diagnosis of LNM in BC patients.
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