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Predictive value of preoperative pan-immune- &
inflammation value index in the prognosis
of oral cancer patients undergoing radical
resection
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Abstract

Background To evaluate the prognostic role of the preoperative pan-immune-inflammation value (PIV) index in
patients with oral squamous cell carcinoma (OSCC) after undergoing radical resection and to develop a prognostic
prediction model for these patients.

Methods A large cohort study was conducted between January 2015 and March 2022. Univariate and multivariate
Cox regression was used to assess the prognostic value of PIV, and propensity score matching (PSM) analysis was used
to adjust for potential confounders. Randomized survival forest (RSF) was used to assess the relative importance of
preoperative PIV in prognostic prediction. Finally, a Nomogram model was plotted to predict the prognosis of oral
cancer patients.

Results A total of 779 patients were enrolled and followed up (mean follow-up time 34.14 +24.39). High PIV was
significantly associated with worse survival in OSCC patients (hazard ratio [HR]=1.62, 95% confidence interval [Cl]:
1.15-2.29, P=0.006). The same trend was observed in PSM (HR=1.55,95% Cl: 1.03-2.23, P=0.035). RSF showed that PIV
ranked third in the importance ranking of all prognostic factors. The calibration curves indicated that the Nomogram
model was superior in predicting the prognostic 1-, 3-, and 5-year survival of oral cancer patients.

Conclusions PIV is an independent predictor of prognosis in patients with oral squamous cell carcinoma, and a
column-line graphical model based on PIV can effectively predict prognosis.
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Background
Oral cancer is a prevalent type of head and neck tumor
that primarily originates from the oral cavity, commonly
involving the lips, tongue, palate, mucous membranes
of the cheeks, gums, and the floor of the mouth, among
other sites [1]. Among oral cancers, the most predomi-
nant type is oral squamous cell carcinoma (OSCC),
which accounts for about 90% of oral cancers [2]. In a ret-
rospective study [3], the histopathological (HP) subtype
of oral cancer was oral squamous carcinoma in 91.5% of
cases and the study found that the tumor staging, histo-
logical differentiation and local-regional metastasis were
the main factors affecting the prognosis of oral cancer,
however, most of the cases were diagnosed at advanced
stages with little chance of survival, the study reveals the
importance of preventive measures. Although follow-
ing surgical treatment, more than half of the oral cancer
patients recurred within two years [4], with a five-year
survival rate of approximately 60% [5]. This constitutes a
serious global health issue, emphasizing the importance
of selecting biomarkers that accurately predict prognosis
for patients with OSCC undergoing surgical treatment.

Immunoinflammatory biomarkers (IIBs) play an essen-
tial role in cancer prognosis by reflecting the balance
between the host’s immune and inflammatory status.
They have become valuable prognostic tools in OSCC
due to their high availability and cost-effectiveness [6].
Several studies have evaluated the prognostic role of IIB
in cancer, and IIB, either alone or in combination with
other blood parameters, has been reported to be an
important prognostic biomarker for a variety of cancers,
including neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), monocyte-lymphocyte ratio
(LMR), and systemic immuno-inflammatory index (SII)
[4, 7-9]. In the study performed by Roi et al. [10], their
results report that SII is a promising new indicator that
can predict the prognosis of patients with severe odon-
togenic infections. Existing pathogenic bacteria that are
localized in the tooth structures or periodontal tissues
that predispose to serious infections such as odontogenic
cervicofacial cellulitis, it is also inextricably linked to
tumorigenesis, and the management of these patients can
be based on a series of serum markers such as SII, NLR,
white blood cell count (WBC) white blood cell count,
and C-reactive protein level (CRP) that can evaluate
and demonstrate the efficiency of the pharmacological
and surgical treatment. Due to the complex interactions
between various immune-inflammatory conditions and
cancer, higher prognostic predictive performance can
be achieved if a comprehensive I1IB that includes more
responses to the overall immune-inflammatory state is
used.

Recently, a more complex immune-inflammation index
has been proposed, encompassing four parameters:
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neutrophils, lymphocytes, monocytes, and platelets, and
referred to as the pan-immune-inflammation value (PIV)
[11]. PIV has been shown to have prognostic value in a
variety of tumors, such as esophageal squamous cell car-
cinoma [12], breast cancer [13] and prostate cancer [14].
However, fewer studies have explored its association
with postoperative prognosis in OSCC, leaving its prog-
nostic role in this context unclear. Therefore, the aim of
this study was to evaluate the prognostic performance
of preoperative PIV in patients with OSCC after radical
resection and to develop prognostic columnar plots for
individual survival prediction.

Materials and methods

Study design and study population

In this retrospective cohort study, 1,146 patients diag-
nosed with primary oral cancer at the First Affiliated
Hospital of Fujian Medical University (Fuzhou City,
Fujian Province, China) from January 2015 to March
2022 were recruited for follow-up and blood tests.
Patients who met the following inclusion criteria were
recruited: (a) patients aged between 20 and 80 years old
and treated with radical resection; (b) histologically con-
firmed primary OSCC; and (c) residence in Fujian Prov-
ince for at least 10 years. We excluded participants with
(a) recurrent OSCC, systemic inflammatory diseases
(e.g., hepatitis, nephritis, and prolonged immunosup-
pression), or hematologic disorders (e.g., anemia, leuke-
mia, and lymphoma); (b) prior treatment that could affect
preoperative PIV (e.g., chemotherapy, radiotherapy, and
immunosuppressive drugs); and (c) perioperative death.
A total of 1146 patients were included, and 779 OSCC
patients were ultimately recruited, of which 367 were
excluded due to not meeting the inclusion criteria or hav-
ing insufficient information (Supplementary Fig. 1).

Data collection and definition

Patient demographics, including age, weight, height,
gender, place of residence, education, smoking, and alco-
hol consumption, were collected through a structured
questionnaire for interviews. Clinical characteristics of
the patients, including tumor site, stage, tumor differen-
tiation, complications, postoperative hospital stay, and
duration of surgery, were obtained through the elec-
tronic medical record system. Tumor staging was deter-
mined according to the TNM classification of malignant
tumors (8th edition) [15, 16], and tumor differentiation
was defined according to the World Health Organization
guidelines [17].

In addition, laboratory data on neutrophil counts,
platelet counts, monocyte counts, and lymphocyte
counts were collected from all patients within one week
prior to the procedure. The PIV values were calculated
from neutrophil counts, platelet counts, monocyte
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counts, and lymphocyte counts using the formula neu-
trophil counts*platelet counts*monocyte counts/lympho-
cyte counts. The optimal PIV cutoff value was calculated
using Yale University X-tile software.

Follow-up

Telephone, outpatient follow-up or electronic medical
record tracking was performed every 6 months after dis-
charge. Information about patients of loss of follow-up
was collected by checking medical records of readmis-
sion. Patients who failed to follow up three times in a row
at various intervals within 1 week or were still alive were
attributed to censors. The study ended on September 22,
2022, with a minimum follow-up threshold of 6 months.
Overall survival (OS) was from cancer diagnosis to death
or study end, whichever came first.

Ethical considerations

Written informed consent was obtained from all enrolled
participants. This research was performed in accordance
with the ethical standards of the Helsinki Declaration,
and the ethical approval was obtained from the Ethics
Committees of Fujian Medical University, Fuzhou, China
(approval ID: 2011053).

Statistical analysis

Continuous variables are presented as median (IQR)
and categorical variables are presented as numerical and
frequency distributions. The statistical significance of
baseline characteristics before and after matching was
determined using standardized mean deviation (SMD)
or t-tests. The proportional risk hypothesis was tested
using Schoenfeld residuals. To identify independent fac-
tors affecting OS, we performed univariate and multi-
variate Cox regression analyses, calculated hazard ratios
(HR) and 95% confidence intervals (CI), and performed
Kaplan-Meier survival curves and log-rank tests. Based
on continuous PIV values, restricted cubic spline (RCS)
modeling was used to investigate the non-dose-response
relationship between PIV and OS.

To better assess the relationship between pretreatment
PIV and OSCC prognosis, we used propensity score
matching (PSM) to balance potential confounders across
different PIV level groups. Briefly, using PIV level as the
outcome of a multivariate logistic regression model with
all relevant confounding variables (including age, gen-
der, BMI, place of residence, education, smoking, alcohol
consumption, cancer site, TNM stage, tumor differen-
tiation, hypertension, diabetes mellitus, postoperative
radiotherapy, postoperative chemotherapy, Post-oper-
ative hospitalization, surgery duration, and comorbidi-
ties). This model allowed us to calculate a propensity
score for each OSCC patient. In the PSM process, a near-
est neighbor matching algorithm with a caliper value of
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0.2 was applied to match individuals with differing PIV
levels on a 1:1 basis, resulting in 249 cases in each group.
Subsequently, survival analysis was conducted to further
assess the prognostic significance of PIV.

Finally, nomogram modeling was employed to predict
the prognostic survival of OSCC patients and compared
with conventional TNM staging, in conjunction with
Randomized Survival Forest (RSF) to determine the pre-
dictive importance of PIV (compared with other param-
eters) for the survival of OSCC patients. All statistical
analyses were conducted using R software (version 4.4.0),
with a two-sided P value of less than 0.05 deemed statisti-
cally significant.

Result

Patient characteristics

Patient characteristics are shown in Table 1. A total of
779 patients who underwent oral cancer surgery were
recruited in this study. A total of 2,185 person-years of
follow-up up to July 2022, 632 cases were censored (com-
parising 519 surviving cases and 113 lost to follow-up,
resulting in a loss rate of 14.51%), and 147 deaths were
recorded, with a mean follow-up time of 34.14 +24.39
months. The mean age of all patients was 61.00 years
(IQR: 52.00-69.00), and 305 (39.15%) were females and
474 (60.85%) were males. According to the clinical stag-
ing, most of the patients were in Stage IV (40.08%). The
median PIV was 174.26 (IQR: 97.93- 297.95), and accord-
ing to the X-tile software, a PIV cutoff value of 180.90
was obtained and patients were categorized into low PIV
(<180.9) or high PIV (>180.9) group.

Prognostic analysis of PIV

In order to evaluate the prognostic influencing factors of
oral cancer, this study conducted unifactorial and mul-
tifactorial analyses of oral cancer OS. In the unifactorial
results (Supplemental Table 1), age, diabetes mellitus,
clinical stage, degree of differentiation, BMI, PIV, comor-
bidities, and duration of surgery were the potential influ-
encing factors related to oral cancer OS, and the above
variables were included in the multifactorial Cox regres-
sion analyses. The results showed that age was positively
associated with the prognosis of oral cancer (HR=1.02,
95%CI:1.01-1.04, P=0.009), the risk of death in patients
with clinical stage IV was 3.13 times higher than that
in patients with stage I (HR=3.13, 95%CI:1.56-6.28,
P=0.001), and the risk of death in patients with poorly
differentiated oral cancer was 1.63 times higher than
that in patients with highly differentiated oral cancer
(HR=1.63, 95%CI:1.02-2.60, P=0.043), and patients
with BMI<18.5Kg/m2 had an 81% increased risk of
death compared with normal weight patients (HR=1.81,
95%CI:1.17-2.28, P=0.008) Postoperative complica-
tions were also associated with increased mortality
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Table 1 Patient baseline demographic

All (%/median [IQR]) Survival situation
Censored (%) Dead (%)

n 779 632 147
Age (Year) 61.00 [52.00,69.00] 61.00 [52.00,68.00] 62.00 [54.00,70.00]
Gender

Female 305(39.15) 247(39.08) 58(39.46)

Male 474(60.85) 385(60.92) 89(60.54)
Tobacco use

No 457(58.66) 378(59.81) 79(53.74)

Yes 322(41.34) 254(40.19) 68(46.26)
Alcohol consumption

No 523(67.14) 426(67.41) 97(65.99)

Yes 256(32.86) 206(32.59) 50(34.01)
Hypertension

No 558(71.63) 457(72.31) 101(68.71)

Yes 221(28.37) 175(27.69) 46(31.29)
Diabetes

No 680(87.29) 558(88.29) 122(82.99)

Yes 99(12.71) 74(11.71) 25(17.01)
Cancer site

Oral tongue 365(46.85) 301(47.63) 64(43.54)

Gums 87(11.17) 68(10.76) 19(12.93)

Flour of mouth 108(13.86) 91(14.40) 17(11.56)

Others 219(28.11) 172(27.22) 47(31.97)
TNM stage

I 148(19.00) 138(21.84) 10(6.80)

Il 161(20.67) 145(22. 94) 16(10.88)

Il 150(19.26) 128(20.25) 22(14.97)

v 320(41.08) 221(34.97) 99(67.35)
Tumor differentiation

Well 281(36.07) 246(38.92) 35(23.81)

Moderate 363(46.60) 288(45.57) 75(51.02)

Poor 135(17.33) 98(15.51) 37(25.17)
BMI(Kg/m?)

>=18.5,<=24 493(63.29) 404(63.92) 89(60.54)

<185 78(10.01) 50(7.91) 28(19.05)

>24 208(26.70) 178(28.16) 30(2041)
Postoperative radiotherapy

No 543(69.70) 443(70.09) 100(68.03)

Yes 236(30.30) 189(29.91) 47(31.97)
Postoperative chemotherapy

No 415(53.27) 333(52.69) 82(55.78)

Yes 364(46.73) 299(47.31) 65(44.22)
Complications

No 538(69.06) 466(73.73) 72(48.98)

Yes 241(30.94) 166(26.27) 75(51.02)
Duration of surgery (hours) 5.17[3.42,7.52] 4.95(3.30,7.17] 6.83[4.55,8.67]
Post-operative hospitalization(days) 11.62[8.59,14.56] 11.60[8.56,14.49] 12.61[9.26,14.85]
PIV 174.26[97.93,297.95] 162.14[94.72,276.73] 219.91[127.56,388.95]

risk (HR=1.84, 95% CI:1.30-2.60, P=0.001). Further- group (HR=1.62, 95%CI:1.15-2.29, P=0.006) (Table 2).
more, higher PIV values were positively correlated with ~ Figure 1 shows a significant survival difference (P<0.001)
increased risk of death, with the high PIV group exhib-  between the low PIV group (PIV<180.9) and the high
iting a 1.62-fold higher risk compared to the low PIV  PIV group (PIV>180.9).
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Table 2 Multivariate Cox regression analysis of OS

Variables HR (95%Cl) P
Age 1.02(1.01-1.04) 0.009
Diabetes

No 1.00

Yes 1.47(0.94-2.30) 0.088
TNM stage

| 1.00

Il 1.25(0.56-2.78) 0.585

Il 1.64(0.76-3.55) 0.207

% 3.13(1.56-6.28) 0.001
Tumor differentiation

Well 1.00

Moderate 1.46(0.97-2.20) 0.069

Poor 1.63(1.02-2.60) 0.043
BMI(Kg/m?)

>=185,<=24 1.00

<185 1.81(1.17,2.80) 0.008

>24 0.82(0.54,1.24) 0.345
PIV

Low 1.00

High 1.62(1.15-2.29) 0.006
Complications

No 1.00

Yes 1.84(1.30-2.60) 0.001
Duration of surgery 1.03(0.96-1.10) 0.390

Additionally, to explore the dose-response relation-
ship between PIV values and the prognostic risk of oral
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cancer, a restricted cubic spline plot based on the raw
PIV values was generated (Supplemental Fig. 2), which
showed a linear association between PIV and prognostic
risk (P For Nonlinear =0.8561) .

PSM-based validation

To address the differences in baseline characteristics, we
performed PSM based on the PIV grouping. Supplemen-
tary Table 2 presents the baseline characteristics before
and after matching. Prior to matching, patients with a
high PIV value were more likely to be male, smoke, not
drink alcohol, have an oral cancer site of the tongue, be
classified as stage IV, experience longer surgical dura-
tions, and have extended hospital stays following sur-
gery. After matching, these variables were balanced and
comparable, as demonstrated by the standardized mean
differences (SMD) depicted in Supplementary Fig. 3. Fol-
lowing matching, the Kaplan-Meier curve (Figs. 2) indi-
cated a continued survival difference between the high
PIV value group and the low PIV value group (P=0.0.34),
and the multifactorial Cox regression after matching
showed that (Table 3), age, stage, BMI, postoperative
complications, and PIV value remained significant risk
factors for oral cancer prognosis. Specifically, the risk of
death was 1.55 times higher in the high PIV group com-
pared to the low PIV group (HR=1.55 times higher in the
low PIV group). 1.55 times (HR=1.55, 95%CI:1.03-2.23,

PIV-Low = PIV-High

0.251
p < 0.0001
0.001
0 20 40 60 80
Time

Number at risk
g PIV-Low{ 410 260 183 92 15
» PIV-High{ 369 205 136 60 11
0 20 40 60 80

Time

Fig. 1 The Kaplan-Meier curve of low and high level of PIV
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o PIV-High{ 256 145 95 44 6
0 20 40 60 80
Time

Fig. 2 The Kaplan-Meier curve of low and high level of PIV after matching

Table 3 Multivariate Cox regression after PSM

Variables HR(95%Cl) P
Age 1.02(1.00-1.04) 0.020
Diabetes

No 1.00

Yes 0.92(0.48-1.76) 0.808
TNM stage

I 1.00

Il 1.25(047-3.34) 0.651

Il 1.86(0.74-4.68) 0.185

v 3.67(1.59-849) 0.002
Tumor differentiation

Well 1.00

Moderate 1.12(0.69-1.82) 0.649

Poor 1.16(0.65-2.09) 0618
BMI(Kg/m?)

>=18.5&<=24 1.00

<185 2.10(1.17-3.76) 0.013

>24 0.91(0.55-1.49) 0.702
PIV

Low 1.00

High 1.55(1.03-2.33) 0.035
Complications

No 1.00

Yes 1.78(1.16-2.74) 0.009
Duration of surgery 1.00(0.92-1.10) 0.920

P=0.035), a finding consistent with results observed
before matching.

Randomized survival forest analysis

The significance value of each predictor variable in the
RSF analysis was evaluated using the log-rank split rule,
with a higher significance value indicating greater predic-
tive power. As illustrated in Fig. 3, TNM stage, PIV value,
duration of surgery, complications, BMI, postoperative
hospitalization, postoperative radiotherapy, diabetes mel-
litus, degree of differentiation, hypertension, postopera-
tive chemotherapy, tumor site, age, gender, and smoking
were identified as significant predictors (variable impor-
tance >0). Among these, PIV values were ranked third in
predictive importance, indicating that PIV values play a
crucial role in predicting the prognosis of oral cancer.

Building nomogram models

We constructed a prognostic Nomogram model for oral
cancer patients based on age, clinical stage, degree of dif-
ferentiation, diabetes mellitus, comorbidities, duration of
surgery, PIV value, and BMI (Fig. 4). Further plotted ROC
curves to compare the prognostic risk prediction ability
of death of oral cancer with the traditional TNM staging
(Fig. 5), which showed that the Nomogram model con-
structed by combining PIV value, exhibited strong pre-
dictive performance for 1-, 3-, and 5-year survival rates
of oral cancer patients, with AUC values of 0.796, 0.754,
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and 0.756, respectively, and outperformed the predictive
ability of traditional TNM. The internally validated cali-
bration curves (Fig. 6) showed the good performance of
the Nomogram model in predicting 1-, 3-, and 5-year
survival rates of oral cancer.

Discussion

In this study, we reviewed a prospective cohort of 779
OSCC patients with the aim of investigating the prog-
nostic value of PIV in oral cancer patients after surgery,
and among the results, age, TNM stage, tumor differen-
tiation, BMI, PIV, and comorbidities were observed to
be significant prognostic predictors. More importantly,
higher PIV values were associated with an elevated risk
of death from oral cancer, and similar findings were
observed in the matched cohort, where propensity score-
based cohorts minimized differences in the distribution
of confounding variables between groups. In addition,
results of Randomized Survival Forest analysis showed
that PIV was only less important than TNM staging,
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suggesting that it is a valuable prognostic predictor. The
column-line graph model, incorporating PIV and other
factors, demonstrated superior predictive performance
compared to the traditional TNM model, with calibra-
tion curves confirming its effectiveness in predicting 1-,
3-, and 5-year survival rates for oral cancer.

Cancer-associated inflammation is prevalent in malig-
nant tumors and is closely related to tumorigenesis,
progression, and prognosis. Thus, it has long been con-
sidered a biomarker of cancer as well [18]. PLR, NLR,
MLR, and SII, which are based on two or three inflam-
matory markers, do not fully capture the immunoin-
flammatory state. PIV is composed of four inflammatory
markers and is calculated as neutrophil count (10°/L) x
monocyte count (10°/L) x platelet count (10°/L)/lym-
phocyte count (10°/L). PIV may provide a more compre-
hensive picture of the immunoinflammatory status, and
its components can be obtained by routine preoperative
blood tests, thus PIV may be a reliable and cost-effective
biomarker in clinical practice. Our study found that oral
cancer patients with high PIV values had poorer prog-
noses compared to those with low PIV values, consis-
tent with findings from other studies [13, 19, 20]. These
results were also validated by the PSM cohort, which also
showed similar results. Considering that there will be
some heterogeneity across studies that may have differ-
ent cutoff values, a meta-analysis synthesizing 30 studies
showed that [21], Cancer patients in the high PIV group
had significantly worse OS (HR=2.07; 95% CIL:1.77-2.41;
12=73.0%). Of course, we also performed restricted cubic
spline analysis using consecutive PIV and observed a lin-
ear dose-response relationship between PIV and prog-
nostic mortality in oral cancer patients (Supplementary
Fig. 2).

While the precise mechanisms by which PIV influences
malignancy prognosis are not fully understood, it is sug-
gested that higher PIV values reflect increased levels of
neutrophils, monocytes, and platelets, and decreased
levels of lymphocytes. Neutrophils are innate immune
cells that are most abundant in the bone marrow and
peripheral blood [22]. Not only can they release reactive
oxygen species (ROS), reactive nitrogen or proteases to
promote carcinogenesis, but they can also induce angio-
genesis and secrete chemokines (e.g. VEGFA and MMP9)
to tend to tumor invasion and metastasis [23]. Mono-
cytes are progenitors of macrophages and a subclass
of dendritic cells [24]. Can be recruited into the tumor
microenvironment (TME) where they undergo local dif-
ferentiation and will be activated as tumor-associated
macrophages (TAM) [25], and promotes tumor cell inva-
sion and angiogenesis by secreting various cytokines
(e.g., TNF-a, IL-1p, IL-8) [26]. Platelets interact with
tumor cells by releasing growth factors and small mol-
ecules that facilitate tumor growth and invasion, while
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Fig. 5 Comparison of prediction performance between PIV-based model and index TNM in OS

tumor cells can activate platelets, leading to aggregation
and granule release [27]. Finally, lymphocytes, as a type
of immune cell, play an important role in the anti-tumor
immune process by inducing apoptosis and inhibiting the
value-added and migration of tumor cells [28]. Although
the prognostic value of PIV in oral cancer remains to

be fully elucidated, studies have shown that [29], higher
SII values, which include three of the four components
of PIV, are associated with reduced overall survival in
OSCC patients who underwent radical resection, and SII
values are composed of three of the four cell types that
make up PIV; therefore, higher levels of SII values imply
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Fig. 6 Calibration curves for predicting prognostic 1-(A), 3-(B), and 5-year (C) survival rates PIV-based models

higher levels of inflammation, which could plausibly
point to an indirect link between high PIV and poorer
prognosis of patients with oral cancer, which would be in
line with the results of the present study, which, in turn,
more fully interprets the inflammatory state of the host.
The Randomized Survival Forest results of this study
conclude that PIV is a valuable predictor after TNM stag-
ing for oral cancer prognosis, and the fact that the blood
parameter is a simple and routine indicator also implies
that PIV is convenient and cost-effective; moreover, the
column-line graphical model developed based on clini-
cal and demographic factors such as PIV can quickly and
graphically predict OSCC patients’ Prognosis.

This study has some limitations. Firstly, due to sam-
ple size limitations, we did not consider the response of
inflammation in different HP subtypes of oral cancer.
Secondly, the study was conducted at a single center, and
larger multicenter studies are needed. The Nomogram
model was only validated within this population, and
future research should include diverse patient cohorts
from different regions and ethnicities to test its gener-
alizability. Lastly, PIV values may change over time, and
dynamic assessment could more accurately represent a
patient’s immune status compared to a single-time point
measurement, which would enhance PIV’s prognostic
value.

Conclusion

PIV is an independent prognostic factor with oral squa-
mous cell carcinoma, and the Nomogram model incor-
porating PIV effectively predicts prognosis. Further
large-scale prospective studies are necessary to validate
our findings and explore the underlying mechanisms.
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