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Combination of the platelet-to-lymphocyte ratio and fibrinogen
may predict 5-year overall survival of patient in non-small cell lung
cancer treated with surgery
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Background: Non-small cell lung cancer (NSCLC) is a major type of lung cancer with high incidence
and mortality. Systemic inflammatory response (SIR) and an imbalance of the coagulation system are both
associated with the tumor progression. However, few studies have investigated the prognostic utility of
a combination of inflammation and the coagulation system in NSCLC. The combination of platelet-to-
lymphocyte ratio (PLR) and fibrinogen (FIB) (PLR-FIB; defined as PLR x FIB) is an indicator reflecting SIR
and coagulation concurrently, which have potentiality to predict prognosis of NSCLC.

Methods: This retrospective, single-center study included 314 NSCLC patients with surgery. According
to a cutoff value for the PLR-FIB, we divided participants into a low-PLR-FIB group and a high-PLR-FIB
group. We retrospectively collected the data on 314 patients and used univariate and multivariate analyses to
investigate the relationship between the PLR-FIB and survival.

Results: Univariate analysis showed that adenosquamous carcinoma (ASC) (P=0.002), high PLR-
FIB (P=0.023), and tumor-node-metastasis (TNM) stage III-IV (P<0.001) were associated with a poor
outcome. On multivariate analysis, low PLR-FIB [hazard ratio (HR), 0.587; 95% confidence interval (CI):
0.359-0.985; P=0.044], and TNM stage I-II (HR, 0.380; 95% CI: 0.245-0.590; P<0.001) were independent
factors of a better prognosis. ASC type was an independent prognostic factor of poor outcome (HR, 5.513;
95% CI: 1.895-16.034; P=0.002). There were no significant differences in patient demographics or clinical
characteristics between the two PLR-FIB groups (P>0.05). The 5-year overall survival (OS) rates were
80.8% and 67.9% for the low-PLR-FIB group and high-PLR-FIB group, respectively (P=0.02).
Conclusions: Preoperative PLR-FIB was found to be an independent prognostic factor for 5-year overall
survival in patients with NSCLC treated with surgery.
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Introduction

Lung cancer, as one of the most common solid tumors
worldwide, remains the leading cause of cancer death (1).
Non-small cell lung cancer (NSCLC), including lung
squamous cell carcinoma (LUSC) and lung adenocarcinoma
(LUAD), accounts for up to 85% of lung cancer cases (2).
Surgical resection is the optimal treatment for early-stage
lung cancer (3). However, there remains a large difference
in the range of outcomes in NSCLC patients undergoing
surgery. Tumor-node-metastasis (TNM) stage, histological
type, and genetic markers used to predict overall survival
(OS). Moreover, the evaluation of TNM staging is complex
and the cost of genetic testing is high. It is thus of critical
importance to identify a simple and cost-effective biomarker
for NSCLC prognosis.

Many recent studies have shown that the systemic
inflammatory response (SIR) plays a critical role in tumor
progression and metastasis (4,5). The biomarkers associated
with SIR, including neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-
lymphocyte ratio (MLR), and other inflammatory factors.
PLR has been reported to be prognostic indicators for
several malignant tumors, including NSCLC (6-13).

The coagulation and fibrinolysis system activated
by tumor cells has been reported to be associated with
tumor development, proliferation, invasion, and tumor
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angiogenesis (14). Thrombosis is the second-leading cause
of mortality in patients with cancer (15). Fibrinogen (FIB),
a 350-KDa glycoprotein, converted to fibrin by activated
thrombin affects blood clotting, fibrinolysis, inflammatory
response and neoplasia (16). Thrombocytosis, FIB, and the
D-dimer levels have been reported as biomarkers for the
prognosis of NSCLC (17-19). Moreover, high FIB, reflecting
hypercoagulability, has been identified as a factor for
predicting poor prognosis in patients with NSCLC (20-22).
Systemic inflammation and an imbalance of the
coagulation system are both associated with the malignant
tumor progression (23,24). However, Using PLR or FIB
alone to predicting prognosis of cancer was controversial
(25-28). Moreover, few studies have investigated the
prognostic utility of a combination of SIR and the
coagulation system in NSCLC. We thus hypothesized that
the combination of PLR and FIB (PLR-FIB; defined as
PLR x FIB), reflecting SIR and coagulation concurrently,
would predict the outcome of patients with NSCLC. In
this study, we investigated the association of preoperative
PLR-FIB and OS in patients with NSCLC who underwent
surgery. We present this article in accordance with the
REMARK reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-1730/rc).

Methods
Participants

This study examined 314 patients with NSCLC accepted
for surgery in the period from December 2017 to December
2021 at Fujian Cancer Hospital, China. All participants
were diagnosed via pathology and classified according to
the 8" version of the International Association for Lung
Cancer Research (IASLC) TNM system (29). Patients with
autoimmune disease, hematological disease, infection, or
a history of neoadjuvant therapy or immunotherapy were
excluded. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All participants
provided written informed consent. The study was approved
by the Ethics Committee of Fujian Cancer Hospital (No.
K2023-249-01).

Study design

We employed a retrospective, single-center study design, in
which data on demographics, underlying disease, smoking/
alcohol history, pathologic type, TNM stage, surgery type,
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length of hospitalization (days), complications, and laboratory
results of the 314 participants were collected. The laboratory
data (platelet count, lymphocyte count, FIB, lactate
dehydrogenase, albumin) were collected within 1 week prior
to surgery between 6 am and 10 am. The survival data were
collected via medical records or telephone, with December
31, 2018, being the deadline of the follow-up.

Definition

PLR was defined as the absolute platelet count divided by
the absolute lymphocyte count. PLR-FIB was defined as
the product of PLR and FIB. The cutoff value of PLR-
FIB was 166.45, which was calculated as the predominant
point on the receiver operating characteristic (ROC) curve
[sensitivity, 76.8%; specificity, 36.6%; area under the ROC
curve (AUC), 0.520, Figure S1]. PLR-FIB low and high
were defined as <166.45 and >166.45, respectively. OS was
defined as the time from the surgery to death or the last
follow-up.

Statistical analysis

The independent-sample #-test was used to compare
continuous variables between groups. Qualitative variables
were analyzed using the chi-squared (x’) test. The cutoff
value was set as the point on the ROC curves that was
closest to the upper left-hand corner of the plot. Univariate
and multivariate risk regressions were performed using Cox
proportional hazards regression, and the strength of risk
regression was measured using hazard ratios (HRs) and 95%
confidence intervals (Cls). Parameters with P value less than
0.05 in the univariable analysis were selected for inclusion
in multivariable analysis. The Kaplan-Meier curve was used
to analyze OS, and the comparisons were determined with
the log-rank test. A P value <0.05 (bilateral) was considered
statistically significant. Data were analyzed as of 2022 with
SPSS 23.0 software (IBM Corp., Armonk, NY, USA).

Results
Patients’ characteristics

"This study enrolled 314 participants, who were divided into a
low-PLR-FIB group (n=104) and a high-PLR-FIB high group
(n=210). There were 220 (70.1%) males and 94 (29.9%) females,
with a median age of 59 (IQR, 52-65) years. The median body
mass index (BMI) was 22.82 (IQR, 20.72-24.94) kg/m".
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The majority of participants did not have a history of
alcohol intake (n=4, 1.3%) or complications after surgery
(n=11, 3.5%). Less than half of the participants had a
history of smoking (n=142, 45.2%) or underlying diseases
(n=156, 49.7%). Among the cases, 173 (55.1%) were
pathologically diagnosed as adenocarcinoma (ADC), 105
(33.4%) as squamous cell carcinoma (SCC), 11 (3.5%) as
adenosquamous carcinoma (ASC), and 25 (8.0%) as other
types. The most common surgery type in our sample was
lobectomy (n=274, 87.3%). As shown in Table 1, there were
no significant differences in patient demographics or clinical
characteristics between the two PLR-FIB groups (P>0.05).

Univariate and multivariate analyses

The results of the univariate and multivariate analyses
for 5-year OS are shown in Tuble 2. Univariate analysis
demonstrated that ASC (P=0.002), high PLR-FIB (P=0.023),
and TNM stage III-IV (P<0.001) were associated with
a poor outcome. On multivariate analysis, low PLR-FIB
(HR, 0.587; 95% CI: 0.350-0.985; P=0.044), and TNM
stage [-1I (HR, 0.380; 95% CI: 0.245-0.590; P<0.001) were
independent factors for a better prognosis. In addition,
ASC type was an independent prognostic factor for a poor
outcome (HR, 5.513; 95% CI: 1.895-16.034; P=0.002).

Outcome

The median survival of the 314 participants was 57 (range,
32-71) months. The low-PLR-FIB group had a better
OS than the high-PLR-FIB group (61.5 vs. 52.0 months,
P=0.028; Table 1). The 5-year OS rates were 80.8% and
67.9% for the low-PLR-FIB group and high-PLR-FIB
group, respectively (P=0.02; Figure 14). According to
Kaplan-Meier analysis, ADC type (P<0.0001; Figure 1B),
and TNM stage I-II (P<0.0001; Figure 1C) had a better
S-year OS.

Discussion

NSCLC is a malignant tumor with the highest morbidity
and mortality among cancers worldwide (1). It is of critical
importance to establish a simple, effective and accurate
prognosis in patients treated with surgery in order to
provide the appropriate treatment after surgery.

Since the connection between inflammation and cancer
was first reported in 1863 (30), the value of inflammatory
biomarkers in the diagnosis and prognosis of malignant
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Table 1 Baseline characteristics of the 314 participants

Variables Overall (n=314) PLR-FIB low (n=104) PLR-FIB high (n=210) P value
Gender 0.360
Male 220 (70.1) 69 (66.3) 151 (71.9)
Female 94 (29.9) 35 (33.7) 59 (28.1)
Age (years) 59.00 [52.00, 65.00] 59.00 [52.75, 64.25] 58.00 [51.25, 65.00] 0.987
BMI (kg/m?) 22.82[20.72, 24.94] 23.41 [21.25, 25.02] 22.62 [20.56, 24.84] 0.165
Length of hospitalization (days) 13.00 [11.00, 15.00] 13.00 [11.00, 15.00] 13.00 [11.00, 15.00] 0.769
LDH (U/L) 149.00 [132.00, 169.00] 148.50 [133.75, 169.25] 149.00 [128.25, 169.00] 0.689
ALB (g/L) 39.00 [36.00, 41.00] 39.00 [37.00, 41.00] 38.00 [35.00, 41.00] 0.045
Alcohol >0.99
No 310 (98.7) 103 (99.0) 207 (98.6)
Yes 4(1.3 1(1.0) 3(1.4)
Smoking 0.473
No 172 (54.8) 60 (57.7) 112 (53.3)
Yes 142 (45.2) 44 (42.3) 98 (46.7)
Underlying disease 0.632
No 158 (50.3) 50 (48.1) 108 (51.4)
Yes 156 (49.7) 54 (51.9) 102 (48.6)
Complications 0.515
No 303 (96.5) 99 (95.2) 204 (97.1)
Yes 11 (3.5) 5(4.8) 6 (2.9
TNM 0.896
-1 221 (70.4) 74 (71.2) 147 (70.0)
-1V 93 (29.6) 30 (28.8) 63 (30.0)
Pathology 0.113
ADC 173 (65.1) 65 (62.5) 108 (51.4)
SCC 105 (33.4) 33 (31.7) 72 (34.3)
ASC 11 (3.5) 2(1.9 9(4.3)
Other 25 (8.0) 4(3.8) 21 (10.0)
Surgery type 0.675
Sublobectomy 11 (8.5) 4 (3.8) 7 (3.3)
Lobectomy 274 (87.3) 93 (89.4) 181 (86.2)
Pneumonectomy 26 (8.3) 7 (6.7) 19 (9.0)
Other 3(1.0 0(0.0) 3(1.4)
OS (months) 57.00 [32.00, 71.00] 61.50 [41.75, 72.00] 52.00 [29.25, 68.75] 0.028*
5-year OS rate (%) 73.9 80.8 67.9 0.02*

Data are presented as n (%) or median [IQR]. *, P<0.05. PLR-FIB, combination of PLR and FIB; PLR, platelet-to-lymphocyte ratio; FIB,
fibrinogen; BMI, body mass index; LDH, lactate dehydrogenase; ALB, albumin; TNM, tumor-node-metastasis; ADC, adenocarcinoma;
SCC, squamous cell carcinoma; ASC, adenosquamous carcinoma; OS, overall survival; IQR, interquartile range.
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Table 2 Univariate and multivariate analysis for 5-year OS
Univariate analysis for OS Multivariate analysis for OS
Variables
HR 95% CI P value HR 95% CI P value
Age (<49, >49 years) 0.730 0.516-1.032 0.075
Gender (male, female) 1.274 0.981-1.655 0.069
BMI (<20.1, >20.1 kg/m?) 0.776 0.565-1.066 0.118
Smoking (no, yes) 0.879 0.708-1.092 0.244
Underlying disease (no, yes) 1.203 0.966-1.499 0.099
Complications (no, yes) 0.664 0.438-1.007 0.054
Pathology (other, SCC, ADC, ASC) <0.001* <0.001*
Other Ref. Ref. Ref. Ref.
SCC 0.884 0.373-2.095 0.780 1.361 0.565-3.276 0.492
ADC 1.284 0.535-3.077 0.576 0.848 0.355-2.022 0.709
ASC 5.422 1.874-15.689 0.002* 5.513 1.895-16.034 0.002*
ALB (=25.9, >25.9 g/L) 0.222 0.000-509.839 0.703
LDH (=170.5, >170.5 U/L) 0.802 0.637-1.010 0.060
PLR (=30.4, >30.4) 0.503 0.299-1.216 0.603
FIB (<3.25, >3.25 g/L) 0.789 0.501-1.240 0.304
Hospitalization (<12, >12 days) 0.958 0.771-1.191 0.701
PLR-FIB (low, high) 0.742 0.574-0.959 0.023* 0.587 0.350-0.985 0.044*
TNM (111, 111-1V) 0.403 0.261-0.622 <0.001* 0.380 0.245-0.590 <0.001*

*, P<0.05. OS, overall survival; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; SCC, squamous cell carcinoma; ADC,
adenocarcinoma; ASC, adenosquamous carcinoma; ref., reference; ALB, albumin; LDH, lactate dehydrogenase; PLR, platelet-to-
lymphocyte ratio; FIB, fibrinogen; PLR-FIB, combination of PLR and FIB; TNM, tumor-node-metastasis.

tumors has been confirmed numerous studies. Cancer
immunosurveillance is mediated by CD4" and CD8" T
cells (31). Lymphocytes produce cytokines that activate
antitumor immunity, which plays an important role
in cancer immunosurveillance (32). The epithelial-
mesenchymal transition (EMT), which drives metastasis
during the progression of NSCLC, has been associated
with the exclusion of immune cells critical to the immune
response to cancer, and a significantly lower infiltration
of CD4" T cells or CD4" and CD8" T cells has been
found in patients with LUAD or LUSC (33). Platelets
contribute to cancer progression by releasing growth factors
that promote tumor cell proliferation and angiogenesis
(34-36). By reflecting the combined effect of lymphocytes
and platelets, PLR has shown to have potential in predicting
the prognosis of various malignant tumors, including

NSCLC (37-39). Several meta-analyses have reported

© Journal of Thoracic Disease. All rights reserved.

that a low PLR is associated with better outcomes in lung
cancer (40-43).

The relationship between thrombosis and cancer
was first reported by Armand Trousseau in 1865 (24).
Thrombosis is not only a common complication for cancer
patients, but is also associated with tumor progression
(14,15). FIB, an acute phase reaction protein, increases in
concentration during the course of hyperfibrinolysis. It has
been reported that FIB can protect tumor cells from natural
killer (NK) cell-mediated cytotoxicity by aggregating
around tumor cells and forming dense fibrin layers (44,45).
A tumor cell fate study conducted by Palumbo ez al.
showed that FIB contributed to the sustained adhesion and
survival of tumor cells in lung cancer (46). In patients with
NSCLC, FIB was reported to be an independent prognostic
factor for EGFR gene mutation status and lymphatic
metastasis (47). In Sheng ez al.’s study of operable NSCLC

7 Thorac Dis 2023;15(12):6967-6975 | https://dx.doi.org/10.21037/jtd-23-1730



6972 Luo et al. PLR-FIB predicts the prognosis of NSCLC
A Strata -~ PLR-FIB low -+ PLR-FIB high B Strata + ADC + SCC -+ ASC —+ Other Strata +TNM I-Il 4+ TNM llI-IV
1.00 1 1.00 1 1.00 1
<. 0.75 4 >0.751 > 0.751
= = =
3 g g
8 8 8
£ 0.50 1 50501 & 0501
= = ' I
g g - 2
= 2 1 <
j- = 1 et 3
@ 0.25 - @ 0.25 ' @ 0.25 -
P=0.02 P<0.0001 1 P<0.0001
0.00 A 0.00 0.00 -
0O 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time from surgery, months Time from surgery, months Time from surgery, months
Number at risk Number at risk Number at risk
ADC 173 169 141 121 100 84
s PLR-FIBlow-104 102 91 87 79 70 61 S scc{105 o7 8 70 60 46 | S TNMIIq221 210 197 180 161 139 118
= . & ASCH 11 9 3 3 3 2 |3
n - - 17 -1V 4
PLR-FIBhigh1210 196 176 157 133 110 86 | & -1, ., t9 18 17 15 |®TNMu-v493 88 70 64 51 41 29

T T T T T T T
0 10 20 30 40 50 60 0 10
Time from surgery, months

T T T T T T T T

30 40 50 60 0 10 20 30 40 50 60
Time from surgery, months

Time from surgery, months

Figure 1 OS. (A) OS between the PLR-FIB groups. (B) OS among the pathological types. (C) OS between the TNM I-IT and TNM III-IV
groups. PLR-FIB, combination of PLR and FIB; PLR, platelet-to-lymphocyte ratio; FIB, fibrinogen; SCC, squamous cell carcinoma; ADC,

adenocarcinoma; ASC, adenosquamous carcinoma; TNM, tumor-node-metastasis; OS, overall survival.

patients, those with a higher FIB level had an elevated risk
of disease progression (HR, 1.49; 95% CI: 1.07-2.05) and
death (HR, 1.64; 95% CI: 1.06-2.53) compared to patients
with a normal FIB level (22). In another study, a high FIB
level (plasma FIB >5 g/L) was associated with incomplete
resection in patients with NSCLC (48).

In our study, PLR-FIB, which reflects systemic
inflammation and thrombosis, was shown to be a novel
prognostic biomarker in patients with NSCLC. According
to univariate and multivariate analyses, PLR-FIB was an
independent prognostic biomarker of NSCLC. A low
PLR-FIB was associated with a better 5-year OS (HR,
0.586; 95% CI: 0.349-0.984; P=0.043). According to the
comparison of the clinical characteristics, there was no
significant difference in TNM stage between the low-
and high-PLR-FIB groups. However, PLR as well as
FIB have been respectively reported to be related to the
TNM stage in previous studies (49,50). PLR-FIB might
be a prognostic factor with little combined effect on the
TNM stage. Furthermore, PLR-FIB can be obtained easily
with a routine blood test and is cost-effective. Thus, we
recommend the use of preoperative PLR-FIB to predict
patient outcome in NSCLC.

Some limitations of this study should be mentioned.

© Journal of Thoracic Disease. All rights reserved.

First, as we employed a retrospective, single-center design
and enrolled just 314 participants, so the sample size was
not sufficiently large to definitively support our conclusions.
Second, this study only investigated the association of PLR-
FIB with OS; however, progression-free survival may also be
an important endpoint for evaluating the prognostic value
of PLR-FIB. Third, the participants were enrolled in this
study from 2007 to 2012, and the results might have been
biased by the relatively large time span. As treatment has
changed and neoadjuvant and adjuvant treatment including
programmed cell death 1 (PD-1) and programmed death-
ligand 1 (PD-L1) antibodies are now common standards in
NSCLC stage II and IIIA, it would be interesting whether
PLR-FIB remains a prognostic factor in this new era or
therapy. Therefore, we will consider including progression-
free survival and a greater number of cases in future
research. A large, multicenter, prospective study is needed

to validate our findings.

Conclusions

PLR-FIB is an independent prognostic factor for OS in
patients with NSCLC and had little effect in terms of TNM
stage. Preoperative PLR-FIB may be a potential biomarker
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for predicting surgically treated NSCLC patients’ outcome.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
REMARK reporting checklist. Available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-1730/rc

Data Sharing Statement: Available at https://jtd.amegroups.
com/article/view/10.21037/jtd-23-1730/dss

Peer Review File: Available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-1730/prf

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-1730/coif).
W.M.B. received honoraria for lectures or educational
events from AstraZeneca, Boehringer, Novartis, MSD,
BMS, Lilly, Pfizer and Roche. W.M.B. received support
for attending meetings and/or travel from Boehringer,
Roche and AstraZeneca. W.M.B. served on advisory
board of AstraZeneca, Boehringer, Novartis, MSD, Lilly
Pharma, BMS, and Roche. W.M.B. received equipment,
material, drugs, medical writing, gifts or other services
from Boehringer for medical writing. W.M.B.’s patent
application EP21183549.1 (method for predicting a clinical
response towards an immune checkpoint inhibitor based on
pretreatment therewith) was filed with regard to the results
of this study. The other authors have no conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). All participants provided written informed
consent. The study was approved by the Ethics Committee
of Fujian Cancer Hospital (No. K2023-249-01).

Open Access Statement: This is an Open Access article

distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International

© Journal of Thoracic Disease. All rights reserved.

6973

License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J
Clin 2021;71:209-49.

2. Herbst RS, Morgensztern D, Boshoft C. The biology
and management of non-small cell lung cancer. Nature
2018;553:446-54.

3. Vansteenkiste J, Crino L, Dooms C, et al. 2nd ESMO
Consensus Conference on Lung Cancer: early-stage non-
small-cell lung cancer consensus on diagnosis, treatment
and follow-up. Ann Oncol 2014;25:1462-74.

4. Grivennikov SI, Greten FR, Karin M. Immunity,
inflammation, and cancer. Cell 2010;140:883-99.

5. Mantovani A, Allavena P, Sica A, et al. Cancer-related
inflammation. Nature 2008;454:436-44.

6. Templeton AJ, McNamara MG, geruga B, et al. Prognostic
role of neutrophil-to-lymphocyte ratio in solid tumors: a
systematic review and meta-analysis. ] Natl Cancer Inst
2014;106:djul24.

7. Templeton AJ, Ace O, McNamara MG, et al. Prognostic
role of platelet to lymphocyte ratio in solid tumors: a
systematic review and meta-analysis. Cancer Epidemiol
Biomarkers Prev 2014;23:1204-12.

8. Hirahara T, Arigami T, Yanagita S, et al. Combined
neutrophil-lymphocyte ratio and platelet-lymphocyte ratio
predicts chemotherapy response and prognosis in patients
with advanced gastric cancer. BMC Cancer 2019;19:672.

9. Yang HB, Xing M, Ma LN, et al. Prognostic
significance of neutrophil-lymphocyteratio/platelet-
lymphocyteratioin lung cancers: a meta-analysis.
Oncotarget 2016;7:76769-78.

10. Weng J, Huang J, Yu W, et al. Combination of albumin
concentration and neutrophil-to-lymphocyte ratio for
predicting overall survival of patients with non-small cell
lung cancer. ] Thorac Dis 2021;13:5508-16.

11. Chan KS, Shelat VG. The role of platelet-lymphocyte
ratio in hepatocellular carcinoma: a valuable prognostic
marker. Transl Cancer Res 2022;11:4231-4.

12. Li DZ, Guo ], Song QK, et al. Prognostic prediction

7 Thorac Dis 2023;15(12):6967-6975 | https://dx.doi.org/10.21037/jtd-23-1730


https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/dss
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/dss
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/coif
https://jtd.amegroups.com/article/view/10.21037/jtd-23-1730/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

6974

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

© Journal of Thoracic Disease. All rights reserved.

of the platelet-to-lymphocyte ratio in hepatocellular
carcinoma: a systematic review and meta-analysis. Transl
Cancer Res 2022;11:4037-50.

Jin X, Wang K, Shao X, et al. Prognostic implications of
the peripheral platelet-to-lymphocyte ratio and neutrophil-
to-lymphocyte ratio in predicting pathologic complete
response after neoadjuvant chemotherapy in breast cancer
patients. Gland Surg 2022;11:1057-66.

McMahon BJ, Kwaan HC. Components of the
Plasminogen-Plasmin System as Biologic Markers for
Cancer. Adv Exp Med Biol 2015;867:145-56.

Noble S, Pasi J. Epidemiology and pathophysiology of
cancer-associated thrombosis. Br J] Cancer 2010;102
Suppl 1:52-9.

Mosesson MW. Fibrinogen and fibrin structure and
functions. ] Thromb Haemost 2005;3:1894-904.

Zhu JE Cai L, Zhang XW, et al. High plasma fibrinogen
concentration and platelet count unfavorably impact
survival in non-small cell lung cancer patients with brain
metastases. Chin J Cancer 2014;33:96-104.

Hou C, Jiang F, Ma H, et al. Prognostic role of
preoperative platelet, fibrinogen, and D-dimer levels in
patients with non-small cell lung cancer: A multicenter
prospective study. Thorac Cancer 2019;10:304-11.

Jiang HG, Li ], Shi SB, et al. Value of fibrinogen and
D-dimer in predicting recurrence and metastasis after
radical surgery for non-small cell lung cancer. Med Oncol
2014;31:22.

Zhong H, Qian Y, Fang S, et al. Prognostic Value of
Plasma Fibrinogen in Lung Cancer Patients: A Meta-
Analysis. ] Cancer 2018;9:3904-11.

Mitsui S, Tanaka Y, Doi T, et al. Prognostic value

of preoperative plasma fibrinogen levels in resected
stage I non-small cell lung cancer. Thorac Cancer
2022;13:1490-5.

Sheng L, Luo M, Sun X et al. Serum fibrinogen is an
independent prognostic factor in operable nonsmall cell
lung cancer. Int J Cancer 2013;133:2720-5.

Crusz SM, Balkwill FR. Inflammation and cancer: advances
and new agents. Nat Rev Clin Oncol 2015;12:584-96.
Abdol Razak NB, Jones G, Bhandari M, et al. Cancer-
Associated Thrombosis: An Overview of Mechanisms, Risk
Factors, and Treatment. Cancers (Basel) 2018;10:380.
Wang DS, Luo HY, Qiu MZ, et al. Comparison of

the prognostic values of various inflammation based
factors in patients with pancreatic cancer. Med Oncol
2012;29:3092-100.

Sinchez-Lara K, Turcott JG, Juirez E, et al. Association of

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Luo et al. PLR-FIB predicts the prognosis of NSCLC

nutrition parameters including bioelectrical impedance and
systemic inflammatory response with quality of life and
prognosis in patients with advanced non-small-cell lung
cancer: a prospective study. Nutr Cancer 2012;64:526-34.
Ma'Y, Zhang H, Zhang B, et al. Prognostic value of
pretreatment platelet and fibrinogen levels for early non-
small cell lung cancer after complete resection. Chinese
Journal of Clinical Oncology 2018.

Ohara S, Suda K, Tomizawa K, et al. Prognostic value

of plasma fibrinogen and D-dimer levels in patients with
surgically resected non-small cell lung cancer. Surg Today
2020;50:1427-33.

Goldstraw P, Chansky K, Crowley ], et al. The IASLC
Lung Cancer Staging Project: Proposals for Revision of
the TNM Stage Groupings in the Forthcoming (Eighth)
Edition of the TNM Classification for Lung Cancer. ]
Thorac Oncol 2016;11:39-51.

Balkwill F, Mantovani A. Inflammation and cancer: back to
Virchow? Lancet 2001;357:539-45.

Dunn GP, Koebel CM, Schreiber RD. Interferons,
immunity and cancer immunoediting. Nat Rev Immunol
2006;6:836-48.

Stanton SE, Disis ML. Clinical significance of tumor-
infiltrating lymphocytes in breast cancer. ] Immunother
Cancer 2016;4:59.

Chae YK, Chang S, Ko T, et al. Epithelial-mesenchymal
transition (EMT) signature is inversely associated with
T-cell infiltration in non-small cell lung cancer (NSCLC).
Sci Rep 2018;8:2918.

Camerer E, Qazi AA, Duong DN, et al. Platelets, protease-
activated receptors, and fibrinogen in hematogenous
metastasis. Blood 2004;104:397-401.

Liu Y, Kalén A, Risto O, et al. Time- and pH-dependent
release of PDGF and T'GF-beta from platelets in vitro.
Platelets 2003;14:233-7.

Takemoto A, Okitaka M, Takagi S, et al. A critical role of
platelet TGF-p release in podoplanin-mediated tumour
invasion and metastasis. Sci Rep 2017;7:42186.

Wang J, Li H, Xu R, et al. The MLR, NLR, PLR and
D-dimer are associated with clinical outcome in lung
cancer patients treated with surgery. BMC Pulm Med
2022;22:104.

Cong R, Kong F, Ma ], et al. Combination of preoperative
neutrophil-lymphocyte ratio, platelet-lymphocyte ratio
and monocyte-lymphocyte ratio: a superior prognostic
factor of endometrial cancer. BMC Cancer 2020;20:464.
Deng M, Ma X, Liang X, et al. Are pretreatment
neutrophil-lymphocyte ratio and platelet-lymphocyte ratio

7 Thorac Dis 2023;15(12):6967-6975 | https://dx.doi.org/10.21037/jtd-23-1730



Journal of Thoracic Disease, Vol 15, No 12 December 2023

useful in predicting the outcomes of patients with small-
cell lung cancer? Oncotarget 2017;8:37200-7.

40. Xu H, He A, Liu A, et al. Evaluation of the prognostic role
of platelet-lymphocyte ratio in cancer patients treated with
immune checkpoint inhibitors: A systematic review and
meta-analysis. Int Inmunopharmacol 2019;77:105957.

41. Zhou K, Cao ], Lin H, et al. Prognostic role of the
platelet to lymphocyte ratio (PLR) in the clinical
outcomes of patients with advanced lung cancer receiving
immunotherapy: A systematic review and meta-analysis.
Front Oncol 2022;12:962173.

42. Wang H, Li C, Yang R, et al. Prognostic value of the
platelet-to-lymphocyte ratio in lung cancer patients
receiving immunotherapy: A systematic review and meta-
analysis. PLoS One 2022;17:¢0268288.

43. Zhao QT, Yuan Z, Zhang H, et al. Prognostic role of
platelet to lymphocyte ratio in non-small cell lung cancers:
A meta-analysis including 3,720 patients. Int ] Cancer
2016;139:164-70.

44. Atagi S, Sone S, Fukuta K, et al. Inhibition by fibrin
coagulation of lung cancer cell destruction by human
interleukin-2-activated killer cells. Jpn J Cancer Res
1992;83:1088-94.

Cite this article as: Luo Y, Lin K, Zhang M, Goto T, Brueckl
WM, Lin J, Liu X, Weng ], Ye Y. Combination of the platelet-
to-lymphocyte ratio and fibrinogen may predict 5-year overall
survival of patient in non-small cell lung cancer treated with
surgery. ] Thorac Dis 2023;15(12):6967-6975. doi: 10.21037/
jtd-23-1730

45.

46.

47.

48.

49.

50.

6975

Palumbo JS, Potter JM, Kaplan LS, et al. Spontaneous
hematogenous and lymphatic metastasis, but not primary
tumor growth or angiogenesis, is diminished in fibrinogen-
deficient mice. Cancer Res 2002;62:6966-72.

Palumbo JS, Kombrinck KW, Drew AF, et al. Fibrinogen
is an important determinant of the metastatic potential of
circulating tumor cells. Blood 2000;96:3302-9.

Guan J, Xiao N, Qiu C, et al. Fibrinogen is associated with
EGFR mutation status and lymphatic metastasis in non-
small cell lung cancer. Oncol Lett 2019;17:739-46.

Jones JM, McGonigle NC, McAnespie M, et al.

Plasma fibrinogen and serum C-reactive protein are
associated with non-small cell lung cancer. Lung Cancer
2006;53:97-101.

Zhang Y, Cao J, Deng Y, et al. Pretreatment plasma
fibrinogen level as a prognostic biomarker for patients
with lung cancer. Clinics (Sao Paulo) 2020;75:¢993.

Cheng H, Bhushan S, Li N, et al. Preoperative neutrophil-
to-lymphocyte ratio and platelet-to-lymphocyte ratio are
correlated with tumor-node-metastasis stages in patients
with non-small cell lung cancer. ] Cancer Res Ther
2022;18:1666-73.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2023;15(12):6967-6975 | https://dx.doi.org/10.21037/jtd-23-1730



