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Background: Laryngeal cancer was one of the most common malignancies of the head in those years. It has become one of the most
common causes of death due to its high recurrence rate and high metastasis rate. It was well known that platelets, especially activated
platelets, promote the proliferation, division, and invasion of tumor cells. Activated platelets promote cancer progression and
metastasis. However, the prognostic value of platelet aggregation function in laryngeal cancer remains poorly understood. The purpose
of this study was to investigate the predictive significance of platelet aggregation function in laryngeal cancer.

Materials and Methods: Between January 2015 and December 2016, we conducted a retrospective analysis of 203 patients who
were diagnosed with laryngeal cancer consecutively. The patients were stratified by platelet aggregation function into two groups: low
“adenosine diphosphate induced light transmittance aggregometry (ADP-induced LTA) <15.1” and high (ADP-induced LTA >15.1).
Pathological tissues from different parts of the operation were collected and the pathologist determined the pathological type. We
assessed the prognostic significance of platelet aggregation function using Kaplan-Meier curves and Cox regression.

Results: The low cohort had a significantly higher lymphocyte count than the high cohort. Compared with the high cohort, the low
cohort had significantly lower levels of platelet-to-lymphocyte ratio (PLR), ADP-induced LTA, and Interleukins (IL)-6. The ADP-
induced LTA (hazard ratio, 1.212; P <0.001) was independently related with 5-year overall survival rate.

Conclusion: Patients with ADP-induced LTA >15.1 experience poor outcomes. Platelet aggregation function, when elevated, could
be a new prognostic indicator for laryngeal cancer.

Keywords: laryngeal carcinoma, platelet aggregation function, platelet-to-lymphocyte ratio, inflammation, overall survival rate

Introduction
In the mid to late 20th century, laryngeal cancer was one of the most common malignancies of the head and neck region.
Due to its high recurrence and metastasis rates, laryngeal cancer can lead to high mortality if not treated in time.
However, with the advancement of medical techniques, especially the application of radiotherapy, chemotherapy and
biological therapy, the prognosis of laryngeal cancer has improved to some extent. But it remains one of the most
prevalent cancers in the head and neck area, posing grave threats to patients’ health and quality of life.! Although lesion
and lymph node removal combined with targeted chemotherapy significantly increased the 5-year survival rate of
laryngeal cancer patients, there are still some patients with recurrence, and the prognosis of recurrent patients is
extremely poor. Therefore, it is of great clinical significance to predict laryngeal cancer recurrence as early as possible.
It was well known that platelets, especially activated platelets, promote the proliferation, division, and invasion of
tumor cells.? Furthermore, Results from several studies indicate that promoting angiogenesis and immune escape are the
key mechanisms of platelets promoting tumor growth.® In addition, several studies have found that increased platelet
count, known as thrombocytosis, correlates with poorer prognosis in patients with various types of cancers, including
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pancreatic cancer, breast cancer and endometrial cancer. The potential mechanisms linking thrombocytosis and worse
clinical outcomes are not yet fully understood but may be related to increased thrombosis, stimulation of tumor
proliferation, metastasis and angiogenesis.* More research is still needed to further establish platelet count as an
independent prognostic factor for cancer patients and to elucidate the underlying pathophysiology between thrombocy-
tosis and tumor progression. identifying cancer patients with elevated platelet counts could help stratify patients into
different risk groups and guide more personalized treatment approaches to potentially improve clinical outcomes.’

Thrombopoiesis, the production of platelets, is tightly regulated by various factors to maintain platelet counts within
a physiological range. However, in cancer patients, the dysregulation of thrombopoiesis can lead to abnormalities in
platelet counts. Cancer-associated thrombocytosis, or high platelet counts, may be due to tumors overproducing
thrombopoietic growth factors and cytokines that stimulate increased platelet production. Despite this overproduction,
platelet counts in some tumor patients may remain within normal ranges due to a compensatory consumption of platelets
at the tumor site or other factors. Therefore, the highly compensated mechanism of platelet regulation can mask
underlying increases in thrombopoiesis and result in insignificant changes in platelet counts clinically in some cancer
patients. Further research is needed to fully elucidate the complex interplay between tumors and platelet regulation and
how this contributes to thrombocytosis in cancer. Identifying the mechanisms driving thrombocytosis may allow for
development of therapeutic interventions to improve prognosis in cancer patients with elevated platelet counts.®

Additionally, Inflammatory responses have also been shown to be widely involved in tumor growth and metastasis. In
particular, multiple inflammatory factors in tumor tissue and patient serum have been proven to be effective in predicting
the clinical prognosis of tumor patients, including mortality and postoperative recurrence.”*

Mechanically speaking, there is also evidence that inflammatory factors may lead to increased platelet counts.
Interleukins (IL)-6, IL-10, and transforming growth factor-f (TGF-) are several typical inflammatory factors, which
have been confirmed to be closely related to the occurrence and development of laryngeal cancer. It was found that those
inflammatory factors can increase platelet production and inhibit platelet destruction by promoting megakaryocyte
proliferation and inhibiting immune response.’

Previous studies have demonstrated the role of platelets and associated inflammatory responses in predicting poor
outcomes in patients with malignancies including endometrial, breast, and cervical cancers.'®!! However, the role and clinical
significance of platelet aggregation in laryngeal carcinoma still need further elucidation. In the present study, we aimed to
analyze the clinical role of platelet aggregation function in determining clinical prognosis in patients with laryngeal cancer.

Objective

Prior studies have demonstrated that activated platelets play a role in promoting the proliferation and metastasis of
various cancers. Thrombocytosis, or high platelet count, has been associated with poorer prognosis in some cancer
patients as an independent risk factor. However, the clinical utility of using platelet aggregation as a predictive biomarker
for prognosis has not been well established in laryngeal cancer patients specifically. The objective of this present study
was to analyze the potential prognostic value of platelet aggregation function in predicting clinical outcomes in patients
with laryngeal cancer.

Methods

Ethics Statement

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and its later amendments.
This retrospective study was conducted with the approval of the Research Ethics Committee of the 2nd Affiliated
Hospital of Harbin Medical University, China. Each patient provided written informed consent for undergoing the
procedures and for having their data collected and analyzed for research purposes.

Study Design and Participants
We retrospective studied 203 consecutive patients with laryngeal cancer between January 2015 and December 2016, with
ethical approval numbers SYDWGZR-2020-128. Among the enrolled patients, all patients underwent laryngeal cancer
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resection in the Second Affiliated Hospital of Harbin Medical University according to the current treatment guidelines. In
addition, pathological tissues from different parts of the operation were collected and the pathologist determined the
pathological type. It should be mentioned that in order to exclude the effect of preoperative chemotherapy and radio-
therapy on platelet count. None of the enrolled patients received preoperative radiotherapy or chemotherapy.
Furthermore, patients with the following conditions that might affect platelet count were also ruled out: patients with
hematological disorders, patients with coronary artery disease, patients with hypertension, patients with diabetes mellitus,
and patients treatment with anticoagulant, statins, and acetylic salicylic acid.

Setting

The patients were stratified by platelet aggregation function into two groups: low “adenosine diphosphate induced light
transmittance aggregometry (ADP-induced LTA) <15.1” and high (ADP-induced LTA >15.1). According to previous
literature, platelet-to-lymphocyte ratio (PLR) was defined as the number of platelets divided by the number of
lymphocytes at the patient’s first admission. Overall survival (OS) was calculated from the date of diagnosis to the
date of death or last follow-up. All patients, excluding those who died, were followed for 5 years.

Blood Sampling and Measurement of Cytokine Levels

All patients were admitted to the hospital using venous blood collected to smooth platelet aggregation and estimate hs-
CRP levels. Platelet function was analyzed using light transmittance and ADP induction according to the manufacturer’s
instructions before operation (four-channel AggRAM Remote Analyzer Module System; Helena Laboratories,
Beaumont, TX, USA). Platelet aggregation was induced by ADP of 20uM, and the degree of platelet aggregation was
indicated by percentage. hs-CRP level is used to evaluate the inflammation level of laryngeal cancer patients. (BN
ProSpec; Siemens, Tarrytown, NY, USA) using Cardiophase hs-CRP reagents. According to the manufacturer’s instruc-
tions, we used a commercially purchased ELISA kit to measure the levels of inflammatory factors in patients with
laryngeal cancer. (Abcam, Cambridge, UK).

Follow-Up

After consultation with the patients and their consent, we followed up the general conditions of the patients through telephone
follow-up and clinical outpatient visits without disturbing their lives. Patients were reviewed at the outpatient clinic every
three months for two years after discharge. After that, outpatient visits were repeated every six months for three years.

Statistical Analysis

Quantitative data are expressed as the mean value + standard deviation, while qualitative data are expressed as frequency
(percentage). The independent two-sample #-test was used for comparisons between cohorts. The chi-square test or
Fisher’s exact test was used to compare categorical variables, as applicable. A receiver operating characteristic (ROC)
curve was generated to find cutoffs of residual ADP-induced platelet aggregation with optimal diagnostic sensitivity and
specificity. To estimate survival status, the Kaplan-Meier (KM) technique was utilized, and the Log rank test was used to
compare survival distributions. Two-sided P-values of <0.05, were deemed statistically significant. SPSS version 22.0
(SPSS Inc., Chicago, IL, USA) was used to conduct all statistical analyses.

Results

Baseline Characteristics

In the present study, 203 patients with laryngeal cancer were enrolled between January 2015 and December 2016. To
analyze the predictive value of platelet aggregation in predicting survival in patients with laryngeal cancer, a ROC
analysis was used to verify the optimal cut-off value of platelet aggregation function for predicting 5-year OS in 203
patients. The results demonstrated 15.1% of platelet aggregation gets the best predictive power (Figure 1). It was found
that platelet aggregation function predicts cancer prognosis with a sensitivity of 62.86% and a specificity of 74.49%
(AUC =0.735, 95% CI: 0.668 to 0.794, p <0.001).
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Figure | Optimized cut-off was determined for residual ADP-induced platelet aggregation using standard ROC curve analysis.

Then, according to the value of LAT, those patients were divided into 2 groups: patients with ADP-induced LTA
<15.1% and patients with ADP-induced LTA >15.1%. It was found that there were no significantly differences between
the groups regarding baseline clinical characteristics (Table 1). However, it was found that the value of lymphocyte count
was significantly higher in the low cohort compared with the high group. Patients with the low LTA exhibited
considerably reduced levels of PLR, ADP-induced LTA, and IL-6 compared with those in the high cohort (Table 2).

Relationship Between Platelet Aggregation Function and Clinical Outcomes
To compare the clinical outcomes of the two groups, Kaplan-Meier survival analysis was used to observe the 5-year
survival of the two groups. As shown in Figure 2, we can observe clearly that patients in high platelet aggregation

Table | Baseline Characteristics of Patients with Laryngeal Cancer According to Platelet Function Levels

Total (%) | ADP-Induced | ADP-Induced P-value
LTA <I5.1 LTA >15.1

Number 203 91 112 NA
Age, years 61 (55, 68) 61 (55, 69) 61 (55, 68) 0.761
Men, n (%) 164 (80.8) 74 (81.3) 90 (80.4) 0.708
Current smoker, n (%) 176 (86.7) 79 (86.8) 97 (86.6) 0.872
Tumor site, n (%)

Supraglottic 55 (27.1) 25 (27.5) 30 (26.8) 0.763

Glottic/subglottic 148 (72.9) 66 (72.5) 82 (73.2) 0.763
T category, n (%)

TI-2 123 (60.6) 54 (59.3) 69 (61.6) 0.646

T3-4 66 (39.4) 37 (40.7) 43 (38.4) 0.646
N category, n (%)

NO 161 (79.3) 72 (79.1) 89 (79.5) 0.858

N+ 42 (20.7) 19 (20.9) 23 (20.5) 0.858
Pathological differentiation, n (%)

High/moderate 175 (86.2) 79 (86.8) 96 (85.7) 0.768

Low 28 (13.8) 12 (13.2) 16 (14.3) 0.768
Type of laryngeal resection performed, n (%)

Total laryngectomy 163 (80.3) 72 (79.1) 91 (81.3) 0.931

Hemilaryngectomy 40 (19.7) 19 (20.9) 21 (18.7) 0.931

Notes: Median and interquartile range (IQR) and n (%) were reported for continuous and categorical variables, respectively.
Abbreviations: ADP, adenosine diphosphate; LTA, light transmittance aggregometry.
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Table 2 Baseline Laboratory Characteristics of Patients with Laryngeal Cancer According to

Platelet Function Levels

ADP-Induced LTA <I15.1 | ADP-Induced LTA >15.1 P-value
Number 9l 112 NA
Platelet count, 10°/L 211 (173, 241) 222 (181.3, 257.8) 0.172
Lymphocyte count, 10%/L 2.1 (1.7, 2.6) 1.8 (1.6, 2.0) < 0.001
PLR 98.8 (76.2, 135.9) 112.5 (95.6, 142.0) 0.003
ADP-induced LTA, % 12.0 (10.7, 14.1) 18.0 (16.5, 20.5) < 0.001
hs-CRP 7.7 (4.3, 12.0) 8.8 (5.3, 124) 0.177
IL-1B, ng/L 35.5 (24.5, 47.3) 39.1 (30.2, 49.2) 0.070
IL-6, ng/L 116.8 (97.4, 147.7) 145.3 (120.4, 173.1) < 0.001
TNF-a, pg/L 9.2 (6.9, 12.0) 9.9 (7.5, 12.0) 0.192

Notes: Median and interquartile range (IQR) and n (%) were reported for continuous and categorical variables, respectively.
Abbreviations: PLR, platelet-to-lymphocyte ratio; hs-CRP, high-sensitivity C-reactive protein; IL, Interleukins; TNF, tumor
necrosis factor; TGF, transforming growth factor; ADP, adenosine diphosphate; LTA, light transmittance aggregometry.

function level had a worse 5-year OS than those in low group (34.8% vs 72.5%, P <0.001). Moreover, we performed
univariate and multivariate analysis to verified whether platelet aggregation function is an independent predictor for poor
prognosis in patients with laryngeal cancer. As shown in Table 3, the Age (hazard ratio, 1.021; P =0.043) and ADP-
induced LTA (hazard ratio, 1.108; P <0.001) was independently related with 5-year overall survival rate.

Discussion

Until now, no study has investigated the predictive significance of platelet aggregation function for laryngeal cancer.
Using a simple, inexpensive, almost universally obtainable test, we found evidence that platelets are activated in
laryngeal cancer. The patients suffering poor clinical outcomes have increased platelet aggregation function level (ADP-
induced LTA).

Different cancers are developed and progressed by platelets which promote cancer cell proliferation, survival,
angiogenesis, and metastasis. According to several researchers, people with thrombocytosis have poorer prognoses
compared to those with other cancer types. Mass of clinical reports have suggested that the parameters of platelet
activation altered, including B-thromboglobulin (B-TG), soluble P-selectin and CD40 ligand, among patients suffering
from cancer.'”'® Nevertheless, these indicators suggested that platelets activation were expensive, which is also not
routinely evaluated during clinical studies. Testing the platelet aggregation function is easy and does not add any extra
costs, so it might be appropriate for screening clinically. Platelets, whose activation is essential for promoting
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Figure 2 Kaplan-Meier analysis of overall survival in patients with laryngeal cancer.
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Table 3 Univariate Logistic Regression and Cox Regression Analysis for 5-Year Overall Survival
in Laryngeal Cancer Patients

Univariate Cox Regression
Odds Ratio (95% CI) | P-value | Hazard Ratio (95% CI) | P-value
Age 1.004 (0.976—1.033) 0.761 1.021 (1.001-1.042) 0.043
Preoperative T staging 0.636 (0.356—1.137) 0.127 0.833 (0.537-1.290) 0.412
Preoperative N staging 1.021 (0.516-2.021) 0.952 1.117 (0.650-1.917) 0.689
Lymphocyte count 0.563 (0.300-1.055) 0.073 1.003 (0.527-1.912) 0.992
PLR 1.003 (0.996-1.010) 0.408 1.000 (0.993—-1.006) 0.889
ADP-induced LTA 1.223 (1.132-1.321) <0.001 1.108 (1.063—1.156) <0.001
IL-6 1.007 (1.000-1.014) 0.054 1.001 (0.996—1.006) 0.672

Abbreviations: Cl, confidence interval; PLR, platelet-to-lymphocyte ratio; IL, Interleukins; TNF, tumor necrosis factor;
TGF, transforming growth factor; ADP, adenosine diphosphate; LTA, light transmittance aggregometry.

hypercoagulability in cancer, contribute to accelerating this state. Furthermore, activated platelets could also pave
a procoagulant microenvironment for tumor cells to thrive.® Platelets, endothelial cells, and leukocytes interact in
multifactorial ways, which stimulate proinflammatory cytokines to be produced.'*

Recently, accessed in view of surrogate peripheral blood-based parameters, the systemic immune-inflammatory
response, including neutrophil, platelet count or lymphocyte, has been demonstrated to independently correlate with
oncologic outcomes among a number of cancers.'” Medical researchers have gradually recognized the crucial role
inflammation plays in tumorigenesis and development. There is an interrelationship between cancer and inflammation.
Recent studies have indicated that inflammation represents an essential component of the tumor microenvironment,
which act as an essential role in the progression of tumors, ¢ consisting of cellular transformation, proliferation,
angiogenesis, invasion, and migration.'” As for several types of cancer, there is also a link between an elevated number
of platelets and a poor prognosis.'™'® There is evidence that aggregation and degranulation of platelet are usually
preceded by the release of platelet-derived pro-angiogenic factors, which accelerate the growth of tumour.?® As well,
platelets that interact with malignant cells could promote the metastasis of tumor.>' Hence, it is of great worthy to access
whether the markers associated with platelet-inflammation could act as predictor of the prognosis among patients
suffering from laryngeal carcinoma.

Some evidence have suggested that tumor cells could mediate the activation of platelet, thereby accelerate the growth
of tumor cells.”*** On the other hand, high expressions levels of PLR in preoperative peripheral blood could induce
a downregulated lymphocyte ratio, which was also demonstrated in our study. A major part of the total leukocyte
population is lymphocytes, which act as a significant role in systemic inflammation.”* Lymphocytes regulate immune
interactions in microenvironments, hindering the progression of malignant tumors. It is lymphocytes which contribute to
the immune surveillance of malignant tumors that inhibit their proliferation and metastasis. As for cancer, elevated
expressions of NLR and PLR could serve as identifiers associated with poor prognosis, indicating the inadequate immune
response to the tumor. In the present study, patients with ADP-induced LTA greater than 15.1% had a higher PLR. This
group with higher PLR showed lower 5-year OS. However, PLR was not independently related with 5-year OS in Cox
regression. However, in the Cox regression analysis, PLR was not an independent predictor of 5-year OS.

The underlying mechanisms linking heightened platelet aggregability to reduced survival in laryngeal cancer likely
involve multiple interconnected pathways. Firstly, activated platelets can stimulate angiogenesis by releasing pro-
angiogenic mediators, providing the nutritive blood supply for tumor growth and spread.”> Secondly, platelets secrete
mitogens that directly promote tumor cell proliferation.”® Additionally, aberrant platelet activation elicits abnormal
coagulation and microthrombi formation in the tumor microenvironment, altering the niche to favor malignant progres-
sion. Platelets may also contribute to immune evasion and inflammation, blunting anti-tumor immune responses.”’
Increased platelet aggregability reflects underlying coagulopathy that can heighten surgical bleeding risk, potentially
impacting completeness of tumor resection. Finally, platelets may interact with and activate various cell types within the
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tumor stroma via paracrine signaling.”® Further research into the complex interplay between platelets and the hallmarks
of cancer will provide insights into their role as prognostic biomarkers and therapeutic targets in laryngeal cancer.

Limitations

Some limitations in this study need to be pointed out. Firstly, we only included 203 patients with laryngeal cancer from
the Second Affiliated Hospital of Harbin Medical University, and the number of patients in this study was small, which
may lead to sample deviation. Secondly, our patients are all from northeast China, so there may be regional limitations.
Secondly, in our study, due to financial reasons, we only detected the platelet aggregation function and hs-CRP and
inflammatory factor levels of patients upon admission, which could not fully reflect the platelet function and inflamma-
tory response of patient. Thirdly, the optimal critical value of ADP-induced LTA determined in the present study is
15.1%. Although the cut-off value was selected by ROC analysis, our data may still show different cut-off values
compared with previous studies. Fourthly, more inflammatory factors are needed to reflect the inflammatory state of
patients.

Conclusion

Patients with ADP-induced platelet aggregation (LTA) levels greater than 15.1% were found to have significantly worse
clinical outcomes. Elevated preoperative platelet aggregation function was identified as an independent risk factor for
S-year mortality in laryngeal cancer patients through multivariate analysis. These findings indicate that increased platelet
aggregability may potentially serve as a novel prognostic biomarker associated with poor prognosis in laryngeal cancer.
Quantifying platelet aggregation levels could help stratify laryngeal cancer patients into high and low risk groups at
initial diagnosis to guide more personalized treatment approaches and closer monitoring of patients with hyperaggregable
platelets. Further validation through large prospective studies is still needed before platelet aggregation testing can be
widely adapted as a standard prognostic assay clinically.

Data Sharing Statement

In the spirit of openness, the authors are willing to make readily accessible the raw data supporting their conclusions.
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