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Objective: We aimed to identify new prognostic factors of oral squamous cell carcinoma 
(OSCC) among platelet-related parameters, establish a survival prediction model to predict 
the survival status of OSCC patients, and analyze the therapeutic effect of neoadjuvant 
chemotherapy on OSCC patients on the basis of real-world data.
Materials and Methods: The real-world data of patients with OSCC confirmed by 
pathologic examination at Cancer Hospital from January 2011 to January 2015 and 
May 2017 to January 2020 were collected. We analyzed clinicopathologic factors using 
a Cox regression analysis, the Kaplan-Meier method, and propensity score matching (PSM).
Results: The multivariate Cox regression analysis of not only validated the traditional 
prognostic factors such as tumor site, neural invasion, poor differentiation, and tumor-node- 
metastasis (TNM) stage but also identified a new prognostic factor, preoperative mean 
platelet volume (MPV) for overall survival (OS, HR, 0.47; 95% CI: 0.25–0.89, P = 
0.020). A nomogram was created to predict the probability of 3-year and 5-year OS. We 
found that neoadjuvant chemotherapy improved OS in patients with OSCC.
Conclusion: Preoperative MPV, being associated with female, neoadjuvant chemotherapy, 
and advanced stage (Stage III and IV), may be a new prognostic factor for OS of patients 
with OSCC. The nomograms provided useful prediction for OS in OSCC patients. 
Neoadjuvant chemotherapy may improve the OS of patients with OSCC.
Keywords: oral squamous cell carcinoma, overall survival, nomogram, mean platelet 
volume, neoadjuvant chemotherapy, induction chemotherapy

Introduction
Oral cancer is the most common form of head and neck cancer and has become 
a threat to people’s health, especially in developing countries.1,2 A primary surgical 
resection combined with postoperative radiotherapy (RT) is the main treatment of 
this locoregionally advanced cancer.3 In the treatment of oral cancer, chemotherapy 
is considered as an adjunct to surgery and RT. Postoperative concurrent chemor-
adiotherapy (CRT) in combination with cisplatin is the standard scheme for post- 
resection diseases characterized by a positive surgical margin and/or extranodal 
dilatation. Even with multidisciplinary therapy, the prognosis of oral cancer remains 
unsatisfactory; with minimal improvements observed over the past 3 decades.4 

Although induction chemotherapy, also known as neoadjuvant chemotherapy, has 
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been used in some cases in recent years and many clinical 
trials have been conducted, the principle except preserving 
the larynx remains controversial.5

The American Joint Committee on Cancer (AJCC) has 
published the 8th edition of the Oral Cancer Staging 
System.6 However, this staging system is considered as 
a static tool that focuses only on tumor-specific features 
involving tumor, lymph node, and metastasis (TNM).7 

This has limited the guidance for individualized treatment 
of oral cancer patients in clinical practice because of the 
lack of consideration of individual factors; therefore, 
a more accurate prediction tool involving individual char-
acteristics to assist in clinical decision-making for oral 
cancer patients is necessary. Since the increase of platelet 
counts (PLT) among cancer patients was first reported by 
foreign scholars in 1872,8 the changes in the platelets in 
the blood of patients with malignant tumors in different 
parts of the body have been studied. Platelets have the 
functions of sensing, monitoring and transmitting informa-
tion, which are closely related to the development of 
human immunity and tumor. It has been reported that 
platelets are closely related to endocrine, respiratory, 
digestive and urinary tumors.9–14

While there have also been some studies on the link 
between platelets and oral cancer, most of them have 
reported that the platelet-lymphocyte ratio can be 
a prognostic factor for oral cancer.15–18 However, no stu-
dies have investigated whether platelet-related parameters 
can be independent prognostic factors for oral cancer.

Nonetheless, with the development of clinical research 
methodology and the emergence of big data in clinical 
treatment, real-world research has attracted increasing 
attention from the academic circle due to its unique advan-
tages and this has influenced clinical practice and research. 
Real-world data needs to be obtained using a scientific 
research design, which is realized through a Real-World 
Study (RWS).19 There are differences between traditional 
clinical research and a RWS in terms of the study design, 
implementation, data source, statistical analysis, and clin-
ical application of the research results. A RWS focuses 
more on evaluating the actual effects and clinical measures 
from the perspective of the patient, that is, evaluating the 
actual benefits of clinical measures to the patient. A RWS 
uses broad inclusion criteria and fewer exclusion criteria to 
reflect on the impact of specific interventions on clinical 
outcomes in a real medical environment, which is similar 
to the real medical environment, and the results are more 
relevant.

This study aimed to identify new prognostic factors of 
oral cancer among platelet-related parameters to establish 
a survival prediction model to predict the survival status of 
OSCC patients and analyze the therapeutic effect of 
neoadjuvant chemotherapy on OSCC patients based on 
the basis of real-world data.

Materials and Methods
Study Populations
The data of patients with OSCC confirmed by pathologic 
examination in Cancer Hospital from January 2011 to 
January 2015 and May 2017 to January 2020 were col-
lected based on real-world data. All the cases were 
screened according to strict inclusion and exclusion cri-
teria. The inclusion criteria were: Patients 1) with primary 
pathologically confirmed, 2) who underwent surgical treat-
ment and neck dissections, and 3) with no distant metas-
tases. The exclusion criteria were: patients 1) with unclear 
pathological stages (AJCC 8th edition stage) and 2) with 
incomplete information. A total of 187 patients who were 
diagnosed as OSCC in Sichuan Cancer Hospital from 2011 
to 2020 were included in this study. Data on clinicopatho-
logic factors were collected separately as follows: sex, age, 
smoking, drinking, other diseases (hypertension, inflam-
mation, cancer), tumor sites, neoadjuvant chemotherapy, 
maxilla-mandible involvement, differentiation (high, mid-
dle, poor), vascular invasions, neural invasions, TNM 
stage (AJCC 8th edition), preoperative blood test indica-
tors (PLT, mean platelet volume [MPV], platelet distribu-
tion width [PDW], platelet cubic measure distributing 
[PCT]) and postoperative radiotherapy or chemotherapy. 
The peripheral blood of all patients was collected within 1 
week before surgery or neoadjuvant chemotherapy. After 
the initial surgery, all the participants were followed up by 
telephone every 6 months until death or the last follow-up, 
dated December 11, 2020. Table 1 shows the detailed 
derivation of the patients enrolled.

Patient Treatment
Induction chemotherapy, with mainly docetaxel, cisplatin, 
and 5-fluorouracil, was administered before surgery. 
Docetaxel and cisplatin were administered at 75 mg/m2 

and 5-fluorouracil at 750 mg/m2. A course of treatment 
lasted for 21 days, with an interval of approximately 2 
weeks. After two courses of induction chemotherapy, can-
cer resection was performed. An experienced surgeon was 
assigned to perform the standardized treatment, with 
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emphasis on neck dissection and the radical resection of 
the primary lesion and properly combined with postopera-
tive RT or chemotherapy. Postoperative defects were 
repaired with pedicled or free skin flaps, the safe margin 
of the radical resection was 1.5 cm, and an intraoperative 
frozen section ensured a safe margin of the operation.

Statistical Analysis
The main outcomes were composed of the predicted prob-
ability of 3-year or 5-year OS based on baseline character-
istics. OS were defined as the time from the date of illness 
onset to death from any cause and death from oral cancer. 
Baseline prognostic factors of interest included sex, age, 
smoking, drinking, other diseases (hypertension, inflam-
mation, malignancies other than OSCC), tumor sites, 
neoadjuvant chemotherapy, maxilla-mandible involve-
ment, differentiation (high, middle, and poor), vascular 
invasions, neural invasions, TNM stage (AJCC 8th edi-
tion), PLT, MPV, PDW, PCT and postoperative radiother-
apy or chemotherapy (Table 1).

The cut-off points for MPV referred to the reference 
value, while the cut-off points for other preoperative blood 
test indicators were identified by the medians, because 
they are generally distributed within the normal range. 
Participants were divided into two groups for further ana-
lysis according to the cut-off points of these indicators. 
The association of preoperative MPV levels with other 
clinical parameters were further analyzed (Table 2). HR 
and 95% CI were calculated using a Cox regression model 
to evaluate the potential prognostic factors (Table 3). All 
the variables significantly associated with OS in the ana-
lysis were included in a Cox regression model to adjust for 
the effects of covariates. The samples with P<0.05, eval-
uated by a single factor analysis, were adopted into the 
multivariate analysis. We included the tumor site and 

Table 1 Characteristics of the Cohort

Clinical Characters Number (%)

Gender
Female 68 (36.36)

Male 119 (63.64)

Age

<60 85 (45.45)
≥60 102 (54.55)

Smoke
No 104 (55.61)

Yes 83 (44.39)

Drink

No 119 (63.64)

Yes 68 (36.36)

Other Disease

Cancer 11 (5.88)
Hypertension 20 (10.7)

Inflam 22 (11.76)

No 134 (71.66)

Tumor Site

Buccal 48 (25.67)
Gingiva 23 (12.3)

Lip 9 (4.81)

Oral_floor 33 (17.65)
Palate 3 (1.6)

Tongue 71 (37.97)

Maxilla_mandible_involved

No 142 (75.94)

Yes 45 (24.06)

Neural Invasion

No 150 (80.21)
Yes 37 (19.79)

Differentiation
– 41 (21.93)

High 77 (41.18)

Mid 43 (22.99)
Poor 26 (13.9)

TNM
I 45 (24.06)

II 43 (22.99)

III 28 (14.97)
IVA 57 (30.48)

IVB 14 (7.49)

MPV (fL) 10.7 (9.65–12.15)

PLT (10^9/L) 171 (138.5–222.5)

PDW 16.3 (16.05–16.55)

(Continued)

Table 1 (Continued). 

Clinical Characters Number (%)

PCT (%) 0.19 (0.15–0.22)

NeoadjuChemotherapy
No 121 (64.71)

Yes 66 (35.29)

Postoperative radiotherapy or chemotherapy

No 114 (60.96)

Yes 73 (39.04)
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neoadjuvant therapy, manually (based on professional sig-
nificance). Then, we obtained all the predictive variables 
with statistical significance, and based on the independent 
prognostic factors identified, dynamic histograms were 
created and calibration curves were generated to calibrate 
the assessment (Figure 5). The Harrell’s concordance 
index (C-index) was used to evaluate the predictive per-
formance, and survival curves were created using the 
Kaplan-Meier method.

Propensity score matching (PSM) was used to evaluate 
the therapeutic effect of neoadjuvant chemotherapy in the 
patients. This was not a randomized controlled trial; there-
fore, baseline characteristics were not balanced between 
the neoadjuvant and non-neoadjuvant groups. PSM was 
used to match the baseline levels of patients in the neoad-
juvant and non-neoadjuvant groups according to baseline 
characteristics prior to the neoadjuvant chemotherapy 
(Table 4). Survival curves were used to compare the ben-
efits of neoadjuvant therapy. We analyzed and compared 
MPV, PLT, PDW, and PCT between pre- and post- 
neoadjuvant chemotherapy with Wilcoxon test (Figure 3).

All statistical analyses were performed using the 
R software (https://www.r-project.org/; version 3.51). 
Statistical significance was set at P< 0.05.

Results
Patient Characteristics
As shown in Table 1, a total of 187 patients with OSCC 
were included this study. The patients were divided into 
two groups according to age (<60 years-old and ≥60 years- 
old) and into two groups according to their smoking and 
drinking status. Other diseases combined with OSCC 
included hypertension, inflammation, and malignancies 
other than OSCC. The tumor sites for this cohorts were: 
tongue (71, 37.97%), oral floor (33, 17.65%), buccal (48, 
25.67%), gingiva (23, 12.3%), lip (9, 4.81%), and palate 
(3, 1.6%). The involvement of maxilla, mandible, and 
neural invasions were documented. According to 8th edi-
tion TNM staging system, patients distributed in stage I, II, 
III, IVA, and IVB were 45 (24.06%), 43 (22.99%), 28 
(14.97%), 57 (30.48%) and 14 (7.49%) respectively. 
Patients had median PLT of 171×109/L (interquartile 
range (IQR):138.5–222.5), MPV of 10.7 fL (IQR: 9.65– 
12.15), PDW of 16.3% (IQR, 16.05–16.55%), and PCT of 
0.19% (IQR 0.15–0.22%).

Table 2 The Association of Preoperative MPV Levels with Other 
Clinical Parameters

Clinical Characters MPV<=11fl MPV>11fl P value

Gender

Female 27 (24.8) 41 (52.6) 0.000

Male 82 (75.2) 37 (47.4) –

Age

<60 55 (50.5) 30 (38.5) 0.14
≥60 54 (49.5) 48 (61.5) –

Smoke

No 55 (50.5) 49 (62.8) 0.126

Yes 54 (49.5) 29 (37.2) –

Drink

No 64 (58.7) 55 (70.5) 0.133
Yes 45 (41.3) 23 (29.5) –

Other Disease
Cancer 5 (4.6) 6 (7.7) 0.794

Hypertension 12 (11) 8 (10.3) –

Inflam 14 (12.8) 8 (10.3) –
No 78 (71.6) 56 (71.8) –

Tumor Site
Buccal 28 (25.7) 20 (25.6) 0.082

Gingiva 10 (9.2) 13 (16.7) –

Lip 3 (2.8) 6 (7.7) –
Oral_floor 25 (22.9) 8 (10.3) –

Palate 1 (0.9) 2 (2.6) –

Tongue 42 (38.5) 29 (37.2) –

Neoadjuvant Chemotherapy

No 63 (57.8) 58 (74.4) 0.029
Yes 46 (42.2) 20 (25.6) –

Maxilla_mandible_involved
No 83 (76.1) 59 (75.6) 1

Yes 26 (23.9) 19 (24.4) –

Neural Invasion

No 86 (78.9) 64 (82.1) 0.728

Yes 23 (21.1) 14 (17.9) –

Differentiation

– 30 (27.5) 11 (14.1) 0.163
High 40 (36.7) 37 (47.4) –

Mid 24 (22) 19 (24.4) –

Poor 15 (13.8) 11 (14.1) –

TNM
I 18 (16.5) 27 (34.6) 0.015

II 23 (21.1) 20 (25.6) –

III 17 (15.6) 11 (14.1) –
IVA 40 (36.7) 17 (21.8) –

IVB 11 (10.1) 3 (3.8) –
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There were 66 (35.29%) patients who received neoad-
juvant chemotherapy. Seventy-three (39.04%) patients 
received post-operative radiotherapy or chemotherapy.

Prognostic Factors for OSCC
The Cox regression analysis for patient OS is shown in 
Table 3. The univariable analyses showed that neural 
invasions (HR: 2.25, 95% CI: 1.36–3.71, P<0.05), differ-
entiation, TNM stage, and preoperative MPV (HR: 0.51, 

95% CI: 0.3–0.86, P<0.05) were significantly associated 
with OS. Other factors such as sex, age, smoking, drink-
ing, other diseases, tumor site, neoadjuvant chemotherapy, 
PLT, PDW, and PCT were not significant correlated with 
patient OS. The multivariate analyses were further per-
formed with the factors evaluated by univariable analysis 
with P<0.05. During this procedure, we added the tumor 
sites and neoadjuvant therapy manually because of their 
clinical significance. The multivariate analyses showed 

Table 3 Cox Regression

Univariate Cox Multivariate Cox

HR (95% CI) P value Pr (>|z|) HR (95% CI) P value Pr (>|z|)

Gender Gender

Male 1.49 (0.89–2.51) 0.131 Male 1.02 (0.51–2.04) 0.949

Age

≥60 1.08 (0.67–1.73) 0.753

Smoke

Yes 1.13 (0.7–1.81) 0.624

Drink

Yes 1.02 (0.63–1.66) 0.935

Other Disease

Hypertension 1.24 (0.56–2.74) 0.595
Inflam 0.8 (0.36–1.76) 0.579

Cancer 1.42 (0.61–3.31) 0.42

Tumor Site Tumor Site

Oral_floor 0.73 (0.34–1.56) 0.413 Oral_floor 0.67 (0.27–1.67) 0.39
Buccal 1.36 (0.75–2.47) 0.306 Buccal 2.18 (1.05–4.52) 0.036

Gingiva 1.64 (0.8–3.34) 0.177 Gingiva 2.2 (0.94–5.19) 0.07

Lip 1.81 (0.63–5.23) 0.273 Lip 4.33 (1.13–16.61) 0.032
Palate 1.05 (0.14–7.79) 0.961 Palate 0.69 (0.09–5.57) 0.73

NeoadjuChemo NeoadjuCheo
Yes 0.9 (0.54–1.48) 0.668 Yes 0.66 (0.32–1.34) 0.247

Maxilla_mandible_involved
Yes 1.42 (0.85–2.38) 0.178

Neural Invasion Neural Invasion
Yes 2.25 (1.36–3.71) 0.002 Yes 2.38 (1.29–4.4) 0.006

Differentiation Differentiation
Mid 0.95 (0.49–1.86) 0.89 Mid 0.85 (0.41–1.78) 0.67

Poor 2.6 (1.38–4.87) 0.003 Poor 2.97 (1.4–6.27) 0.004

PTNM PTNM

III/IV 1.97 (1.2–3.25) 0.007 III/IV 2.21 (1.12–4.36) 0.022

MPV (fL) 0.51 (0.3–0.86) 0.011 MPV 0.47 (0.25–0.89) 0.02
PLT (10^9/L) 1.18 (0.74–1.89) 0.49

PDW 1.03 (0.64–1.65) 0.906

PCT (%) 1.16 (0.72–1.87) 0.542
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Table 4 Base Line Information by Neoadjuvant Chemotherapy, Before or After PSM

Before PSM After PSM

No (%) Neo.CT (%) P value No Neo.CT P value

Gender:

Female 46 (38) 17 (34) 0.748 11 (22.9) 17 (35.4) 0.26
Male 75 (62) 33 (66) – 37 (77.1) 31 (64.6) –

Age:
<60 52 (43) 22 (44) 1 23 (47.9) 21 (43.8) 0.83

≥60 69 (57) 28 (56) – 25 (52.1) 27 (56.2) –

Smoke:

No 70 (57.9) 23 (46) 0.212 23 (47.9) 23 (47.9) 1

Yes 51 (42.1) 27 (54) – 25 (52.1) 25 (52.1) –

Drink:

No 83 (68.6) 26 (52) 0.06 24 (50) 26 (54.2) 0.83
Yes 38 (31.4) 24 (48) – 24 (50) 22 (45.8) –

OtherDisease:
Cancer 9 (7.4) 1 (2) 0.25 1 (2.1) 1 (2.1) 0.127

Hypertension 12 (9.9) 8 (16) – 2 (4.2) 8 (16.7) –

Inflam 17 (14) 4 (8) – 8 (16.7) 4 (8.3) –
No 83 (68.6) 37 (74) – 37 (77.1) 35 (72.9) –

TumorSite:

Buccal 29 (24) 16 (32) 0.25 11 (22.9) 15 (31.2) 0.339

Gingiva 17 (14) 4 (8) – 6 (12.5) 4 (8.3) –
Lip 7 (5.8) 0 (0) – 1 (2.1) 0 (0) –

Oral_floor 23 (19) 7 (14) – 13 (27.1) 7 (14.6) –

Palate 2 (1.7) 0 (0) – 0 (0) 0 (0)
Tongue 43 (35.5) 23 (46) – 17 (35.4) 22 (45.8) –

MPV:
≤11 fL 63 (52.1) 28 (56) 0.763 32 (66.7) 27 (56.2) 0.402

>11 fL 58 (47.9) 22 (44) – 16 (33.3) 21 (43.8) –

PLT:

≤171×10^9/L 64 (52.9) 22 (44) 0.373 25 (52.1) 23 (47.9) 0.838

>171×10^9/L 57 (47.1) 28 (56) – 23 (47.9) 25 (52.1) –

PDW:

≤16.3 77 (63.6) 32 (64) 1 28 (58.3) 24 (50) 0.539
>16.3 44 (36.4) 18 (36) – 20 (41.7) 24 (50) –

PCT:
<0.19% 70 (57.9) 21 (42) 0.085 27 (56.2) 21 (43.8) 0.307

>0.19% 51 (42.1) 29 (58) – 21 (43.8) 27 (56.2) –

cTNM:

I 19 (15.7) 3 (6) 0.016 1 (2.1) 3 (6.2) 0.754

II 24 (19.8) 10 (20) – 10 (20.8) 10 (20.8) –
III 27 (22.3) 12 (24) – 15 (31.2) 12 (25) –

IV 37 (30.6) 25 (50) – 22 (45.8) 23 (47.9) –

N/A 14 (11.6) 0 (0) 0.016 0 (0) 0 (0)
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that neural invasions (HR: 2.38, 95% CI: 1.29–4.4, 
P=0.005), tumor sites (P<0.05), TNM stage (P<0.05), 
poor differentiation (HR: 2.97, 95% CI: 1.4–6.27, 
P=0.004), and preoperative MPV (HR: 0.47, 95% CI: 
0.25–0.89, P=0.020) were independent prognostic indica-
tors of OS.

Kaplan-Meier curves were used to confirm the prog-
nostic value of the MPV. The OS curves of patients with 

MPV>11 fl were higher than those of patients with 
MPV≤11 fl (P=0.009) (Figure 1A). PLT, PDW, or PCT 
were not significantly correlated with OS (Figure 1B–D).

We further analyzed the correlation between preo-
perative MPV levels and other clinical parameters. 
We found factors with a statistical significance included 
gender (P<0.001), neoadjuvant chemotherapy (P=0.029), 
and TNM stage (P=0.015, Table 2). Interestingly, female 

Figure 1 (A) The OS curves of patients with MPV>11 fl were higher than those of patients with MPV ≤11 fl (P=0.009). (B–D) The OS curves of patients with PLT, PDW, 
and PCT were not statistically significant between the higher and the lower.
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patients with MPV > 11 fl had significant better OS 
than those who had MPV ≤ 11 fl (P=0.004, 
Figure 2A). Similarly, in patients who have advanced 
tumors (stage III and IV), MPV>11 fl indicated 

significantly increased OS compared with MPV≤11 fl 
(P=0.004, Figure 2D). The differences were not 
observed in male patients or patients with stage I and 
II disease (Figure 2B and C).

Figure 2 (A) Female patients with MPV > 11 fl had better OS than those with MPV ≤ 11 fl (P=0.004); (B and C) There were no statistically significant difference on the male 
patients (B) or the patients with stage I and II (P>0.05). (D) Patients with advanced tumors (stage III and IV) with MPV > 11 fl were higher than those who had MPV ≤ 11 fl 
(P=0.004).
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MPV, PLT, PDW, and PCT were compared between 
pre- and post- neoadjuvant chemotherapy with Wilcoxon 
test (Figure 3). MPV, PDW, and PCT were significantly 
decreased after neoadjuvant chemotherapy compared with 
those before neoadjuvant chemotherapy (P=0.001). 
Moreover, Patients with MPV >11 fl after neoadjuvant 
chemotherapy had better OS than those with MPV ≤ 11 
fl (Figure 4). Interestingly, the difference in neoadjuvant 
cohort was more significant than non-neoadjuvant cohort 
(P=0.028 vs P=0.086).

Development and Validation of 
Prognostic Nomogram
Model discrimination was evaluated using the C-index, 
which quantified the level of agreement between the pre-
dicted and observed OS. The C-index for the final OS model 
was 0.79. The bias-corrected C-index generated by 
a bootstrap validation was 0.74. The model related to MPV, 

neural invasion, TNM was used to established a nomogram 
to estimate the predicted probability of a 3-year or 5-year OS 
(Figure 5A). Figure 5B shows the calibration chart for the OS 
model, in which the predicted probability of a 3- and 5-year 
OS was drew according to the observed data. The model 
estimates for 3-year and 5-year OS were very close to the 
observational estimates, but there was a slight deviation 
among individuals with poor survival. Kaplan-Meier curves 
confirmed that patients with low total scores had higher OS 
than patients with high total scores (P<0.01) (Figure 5C).

Effect Evaluation of Neoadjuvant 
Chemotherapy
Neoadjuvant chemotherapy, although added manually, 
showed no significant association with OS (HR: 0.66, 
95% CI: 0.32–1.34, P=0.247, Table 4). Since this was 
not a randomized controlled trial, baseline characteristics 
were not balanced between the neoadjuvant and non- 

Figure 3 MPV (A) PDW (C) and PCT (D) levels were significantly decreased after neoadjuvant chemotherapy. PLT level (B) remained stable after neoadjuvant 
chemotherapy.
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neoadjuvant groups. Therefore, the PSM was used to 
match the baseline levels of patients between the neoadju-
vant and non-neoadjuvant groups according to the baseline 
characteristics prior to the neoadjuvant chemotherapy 
(Table 4). The Kaplan-Meier survival curve was used to 
compare the benefits of neoadjuvant therapy and showed 
no significant difference between the neoadjuvant and non- 
neoadjuvant groups in the total cohort (P=0.67, 
Figure 6A). However, when the baseline was matched by 
PSM, there was a significant difference on OS between the 
neoadjuvant and non-neoadjuvant groups (P=0.039, 
Figure 6B). These results suggest that neoadjuvant che-
motherapy could benefit the OS of patients with advanced 
OSCC.

Discussion
With the deepening of the application of big data in the 
medical field, there are many types of RWSs that have 
developed rapidly. Compared to randomized controlled 
clinical trials, RWSs have merits such as high authenticity, 
a wide range of target populations, and strong evidence 
integrity. They are also an effective supplement to the 
traditional research form; thus, our study was performed 
based on a RWS.

The survival rate of oral cancer patients is strongly 
influenced by age, tumor stage, site, and histological 
grade, but is also influenced by many other factors4,20–27 

including related treatment, educational levels the time 
between disease and perception, access to health-care ser-
vices and occupation of the patients, behavioral/cultural 
factors exposed to risk factors involving alcohol consump-
tion, smoking, and chewing tobacco. Despite the existence 
of studies on the link between platelets and oral cancer, 
there have been no studies on whether platelet-related 
parameters can be independent prognostic factors for oral 
cancer.

Platelet-related parameters included PLT, MPV, 
PDW, and PCT levels. In this study, preoperative MPV 
is significantly associated with OS. There are bidirec-
tional effects between the tumor cells and the platelets.28 

First, the tumor cells can damage the vascular endothe-
lium, thereby activating the platelets, initiating the coa-
gulation system, causing thrombosis and hemorrhage, 
and even severe complications such as disseminated 
intravascular coagulation. Second, the platelets, vascular 
wall, and tumor cells interact, promoting the adhesion of 
tumor cells to the vascular wall. The malignant tumors 
may cause changes in the platelet parameters; however, 

Figure 4 (A) OS curve of patients without neoadjuvant chemotherapy. Patients with MPV > 11 fl had better OS than those with MPV ≤ 11 fl (P = 0.086). (B) OS curve of 
patients with neoadjuvant chemotherapy. Patients with MPV > 11 fl had better OS than those with MPV ≤ 11 fl (P = 0.028).
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the reasons for this have not yet been fully elucidated 
and may be related to the following aspects. In patients 
with malignant tumors, bone marrow hyperplasia is 
active, tumor cells produce thrombogenic factors, and 
in the blood circulation, the concentration of the humoral 
environment that promotes the formation of megakaryo-
cytes in bone marrow increases.27 In tumor patients, 
increased tumor growth promoting cytokines can also 
specifically stimulate an increase in platelets, including 
interleukin (IL)-1, IL-3, IL-6, IL-17, IL-18 and tumor 
necrosis factor-α.29 The malignant tumors consume 
a large amount of physical energy of patients, leading 
to chronic blood loss and malnutrition, and tissue necro-
sis, thereby affecting platelet morphological parameters. 
Platelets release transforming growth factors, which 
directly stimulate the growth of some tumor cells, and 
the proliferating tumor tissues produce more stimulating 

factors that promote the generation of bone marrow 
megakaryocytes, thus forming a vicious circle.28 

Although, platelet activity is related mainly to platelet 
morphology, its correlation with PLT is weak. MPV and 
PDW are important indicators of platelet parameters, 
among which MPV is an alternative indicator of platelet 
activity.

Our results showed that MPV was associated with 
female and advanced tumors. Moreover, preoperative 
MPV, associated with female and advanced stage may be 
a novel prognostic factor for OS of OSCC patients. 
However, this significance needs to be further validated 
by more patient cohort in the real-world practice.

Recently, there has been a growing trend to establish 
prognostic histograms as an aid tool for determining out-
comes that integrate multiple important prognostic factors 
to produce the probability of clinical events.30–32 The 

Figure 5 (A) Nomogram for predicting probability of OS at 3 and 5 years. The presence or absence of each clinical characteristic indicates a certain number of points. 
Number of points for each clinical characteristic is on the top row. For each characteristic, the absence is assigned zero points. The presence of characteristics is associated 
with number of points. The points for each characteristic are summed together to generate a total-points score. The total points correspond to respective 3-year and 5-year 
0S. (B, C) Nomogram-predicted OS is plotted on the x-axis, with observed OS on the y-axis. Dashed lines along the 45-degree line through the origin point represent the 
perfect calibration models in which the predicted probabilities are identical to the actual probabilities. (D) OS of the patients with low total points are higher than that of the 
patients with high total points.(P<0.01).
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advantage of histograms over traditional TNM staging 
systems is that they can generate individualized predic-
tions that may aid in clinical decision making and follow- 
up strategy development. Bobdey, et al33 established 
a nomogram for the 5-year OS in patients with oral cavity 
cancer based on clinical factors related to age, comorbid-
ities, clinical lymph node status, stage of disease, tumor 
thickness, differentiation, and perineural invasions. Wang 
et al34 established two nomograms that have successfully 
predicted the long-term OS and CSS in oral SCC patients, 
using clinical factors.

In this study, a nomogram for predicting the probability 
of OS at 3- and 5-years was created based on the proven 
independent prognostic factors, tumor sites, neural inva-
sions, TNM stage, and preoperative MPV. Unlike with 
other studies, our study added MPV as a factor to create 
the model, which may have been beneficial in improving 
the accuracy of the predictions.

Cisplatin, paclitaxel, and fluorouracil are currently the 
mostly accepted induction chemotherapy plan for 
OSCC35,36 Although there are many conducted clinical 
trials of induction chemotherapy, the results remain 

controversial.37 Large randomized studies38–43 have eval-
uated that various induction chemotherapy regimens were 
used to treat all sites of advanced oral cancer in order to 
improve survival in non-surgical patients or preserve the 
important organ. However, only some38–40 of these studies 
used surgery as the main treatment, resulting in the ques-
tion of whether the adequate therapeutic approach was 
applied to oral cancer patients. Cohen’s study showed 
there was no difference in the OS between patients treated 
with induction chemotherapy before CRT and those who 
received CRT alone.41 In addition, this study showed that 
induction chemotherapy was along with more serious 
adverse events (47% vs 28%, P = 0.002), further induction 
chemotherapy was not advised to be used routinely. 
Meanwhile, meta-analyses have now confirmed that the 
use of induction chemotherapy does not confer a more 
benefit on OS or progression-free survival than CRT 
alone.43

Induction chemotherapy has been tested to improve 
locoregional control and preserve the organ in resectable 
oral cancers. A Phase III randomized study comparing 
induction chemotherapy followed by surgery and 

Figure 6 (A) there were no significant differences between the neoadjuvant and non-neoadjuvant groups in the whole patient cohort before PSM. (B) Significant difference 
was achieved between the neoadjuvant and non-neoadjuvant groups after baseline balance using PSM.
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postoperative RT versus primary surgery and postoperative 
RT in patients with locally advanced and resectable oral 
cancer did not demonstrate improved survival with induc-
tion chemotherapy.44 The long-term results of this study 
reported by Bossi et al45 confirmed the same results after 
a median follow-up 11.5 years. Induction chemotherapy 
could not confer a benefit on locoregional control, distant 
metastasis, and OS. Chinn et al reported their Phase II 
experience: those who responded were treated with induc-
tion chemotherapy followed by definite simultaneous CRT, 
and those who did not respond were subsequently 
excised.46 Outcomes in this induced-selection cohort 
proved to be poor compared to patient cohort who under-
went early surgery and appropriate adjuvant RT /CRT. 
Patil reported that induction chemotherapy before reas-
sessment for surgery could be a suitable replacement of 
concurrent chemoradiation in borderline resectable or 
technically unresectable oral cancers.47 However, induc-
tion chemotherapy did not improve OS or disease-specific 
survival in patients with unresectable oral cancers.48

PSM is a useful method which can be used to generate 
a balanced cohort. Kuramatsu et al created baseline char-
acteristics of patients with cerebellar intracerebral hemor-
rhage using PSM49 which has been applied by Son et al in 
their study published in The New England Journal of 
Medicine.50 In the present study, no significant difference 
was observed between the neoadjuvant and non- 
neoadjuvant groups in the whole patient cohort, because 
the 2 groups had unbalanced baseline. When the baseline 
was balanced by PSM, patients had neoadjuvant che-
motherapy showed significantly increased survival com-
pared with those who had no neoadjuvant chemotherapy. 
Therefore, neoadjuvant chemotherapy may benefit the OS 
of patients with advanced OSCC in the real-world 
practice.

Conclusion
Preoperative MPV, being associated with female, neoadju-
vant chemotherapy, and advanced stage, could serve as 
a novel prognostic factor for OS of patients with OSCC; 
The nomogram provides a useful prediction for OS of 
patient with OSCC. Neoadjuvant chemotherapy may ben-
efit the OS of OSCC patients in the real-world practice.
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