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Abstract
Objectives Pan-immune-inflammation value (PIV) is defined by the neutrophil, platelet, monocyte, and lymphocyte 
counts and is associated with immune-checkpoint inhibitor (ICI) therapy outcomes in advanced non-small cell lung 
cancer (aNSCLC). However, PIV is dynamic under therapy and its longitudinal assessment may help predict efficacy. 
This study investigated the impact of baseline PIV and its dynamics on ICI efficacy and its immune-related adverse 
events (irAEs). The study additionally attempted to understand the biological significance of PIV.

Patients and methods This retrospective study analyzed the clinical data of 269 consecutive patients with aNSCLC. 
PIV was calculated at baseline and at weeks 3–4 to determine its association with overall survival (OS), progression-
free survival (PFS), and irAEs.

Results Results revealed that low baseline PIV was positively correlated with the incidence of irAEs. Moreover, a low 
PIV at baseline was significantly associated with a prolonged PFS (median PFS: 10 vs. 7 months, p = 0.0005) and OS 
(median OS: 29 vs. 21 months, p < 0.0001). When the PIV at baseline and weeks 3–4 was considered together, its low 
dynamics correlated with a higher incidence of irAEs (p = 0.001), a longer PFS (median PFS, 9 vs. 6 months, p = 0.012), 
and a longer OS (median OS; 28 vs. 21 months, p = 0.002).

Conclusion Thus, PIV at baseline and its dynamics are novel and potent predictors of irAEs, PFS, and OS in patients 
with aNSCLC receiving immunotherapy. Moreover, the PIV dynamics may be an effective, novel surrogate marker to 
dynamically observe the efficacy of immunotherapy.

Keywords Non-small-cell lung cancer, Immune-checkpoint inhibitors, Pan-immune-inflammation value, Immune-
related adverse events, Blood biomarkers, Dynamics
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Introduction
Lung cancer is the second most commonly occurring 
tumor and is the leading cause of cancer-related mortal-
ity worldwide [1]. Particularly, non-small cell lung can-
cer (NSCLC) accounts for 85% of all lung cancers [2, 3]. 
Compared with surgery, radiotherapy, or chemotherapy, 
immunotherapy has become a hot topic for treating 
NSCLC owing to the considerable, recent advancements 
in this therapy. Moreover, it has been shown that patients 
with advanced NSCLC (aNSCLC) treated with immuno-
therapy have longer progression-free survival (PFS) and 
overall survival (OS) than those treated with conven-
tional chemotherapy [4, 5].

Despite its advantages, immunotherapy still is a dou-
ble-edged sword. Unlike traditional anti-tumor drugs, 
immunotherapy does not directly kill tumor cells; 
instead, it regulates the body’s immune function [6]. By 
changing the inherent relationship between immune and 
tumor cells, immunotherapy alters the tumor micro-
environment (TME) such that immune cells kill cancer 
cells [7, 8]. However, immunotherapy is associated with 
a unique set of adverse events, called immune-related 
adverse events (irAEs) [9–11]. These result from treat-
ment-induced over-activation of the immune system, 
which causes injury to normal tissues, resulting in more 
serious treatment complications and thus limiting the 
clinical use of immune-checkpoint inhibitors (ICIs). To 
add to this dilemma, there is a lack of biomarkers to pre-
dict the occurrence and severity of irAEs. Studies have 
shown that in the process of immunotherapy for non-
small cell lung cancer, there is a correlation between the 
occurrence of irAEs and good survival [12]. Therefore, if 
alternative biomarkers for predicting irAEs can be found 
and the advantages and disadvantages of immunother-
apy can be weighed before treatment, patients will ben-
efit from it, reducing the occurrence of immune adverse 
events and get the possibility of personalized immuno-
therapy. Thus, more studies are required to identify fac-
tors associated with irAEs.

It is well known that inflammation impacts every step 
of tumorigenesis, from initiation and tumor promotion 
to metastatic progression. Reportedly, liquid biopsy is 
a promising tool for identifying predictive biomarkers 
for immunotherapy [13]. According to previous stud-
ies, peripheral blood parameters may efficiently predict 
responses to ICIs in multiple malignancies. Particularly, 
inflammation-related markers, such as the systemic 
inflammation immune index (SII) [14], neutrophil-to-
lymphocyte ratio (NLR) [15], platelet-to-lymphocyte 
ratio (PLR), monocyte-to-lymphocyte ratio (MLR) [16], 
and derived NLR (dNLR) [17] can all be used as potential 
markers of tumor response to ICIs.

Recently, the dynamics of biomarkers have been stud-
ied to some extent for determining the prognosis of 

cancer treatments [18–21]. In the context of immuno-
therapy for NSCLC, several factors have been reported 
for monitoring efficacy and predicting clinical progno-
sis; these factors include multiple mechanisms, including 
dynamic immune TME profiles [22], PD-L1 expression 
[23], radiomics [24], tumor mutation burden, and immu-
noinflammatory indicators [25, 26]. Therefore, unlike in 
the past, when pathological biopsy of primary tumor or 
blood tests were performed before treatment, studying 
the dynamics of peripheral blood biomarkers is worthy 
of recognition and further investigation in the prognostic 
assessment of immunotherapy for NSCLC.

More recently, a new comprehensive marker called 
the pan-immune-inflammatory value (PIV) [27], which 
incorporates neutrophil, platelet, monocyte, and lym-
phocyte counts, showed a strong association with PFS 
and OS. Moreover, PIV was found to outperform other 
well-established immune biomarkers, such as NLR and 
PLR, in predicting patient outcomes [28]. In addition, a 
study has validated the role of PIV dynamics for disease 
monitoring in patients with metastatic colorectal can-
cer [29]. Therefore, the present study aimed to assess the 
predictive value of PIV and its dynamics in patients with 
aNSCLC.

Patients and methods
Patients
The study retrospectively enrolled patients with aNSCLC 
who were consecutively treated at the Affiliated Hos-
pital of Nantong University, China, between January 
2019 and December 2022. All patients had undergone 
immunotherapy with nivolumab 3 mg/kg every 2 weeks 
or pembrolizumab 200  mg every 3 weeks until unac-
ceptable toxicity, or death from any cause. Patients who 
only received other antitumor therapies, such as chemo-
therapy, targeted therapy, or radiotherapy, were excluded 
from the study. Only patients with a minimum follow-
up of 12 months (until December 2022) were enrolled, 
owing to the high probability of developing irAEs within 
the 1– 6 months of immunotherapy [30] and the need for 
sufficient time for survival assessment.

Data collection
Data on the following patients’ characteristics were 
extracted: age, sex, smoking history, histology, cancer 
stage, and the number of metastatic sites. In addition, 
laboratory data such as complete blood cell counts (e.g., 
neutrophils, lymphocytes, monocytes, and platelets) 
at baseline (within 7 days before the administration of 
immunotherapy, defined as T1) and at the endpoint (3–4 
weeks after the first dose, defined as T2) were extracted 
from the electronic medical records. PIV was calculated 
as (neutrophil count × platelet count × monocyte count)/
lymphocyte count. SII was calculated as (neutrophil 
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count × platelet count)/lymphocyte count. NLR was cal-
culated as neutrophil count /lymphocyte, and PLR was 
calculated as platelet count/lymphocyte count. MLR was 
calculated as monocyte count/lymphocyte count and 
d-NLR as neutrophil count/(leucocytes count – neu-
trophil count). The cutoff values for PIV, SII, NLR, PLR, 
MLR, and d-NLR at baseline as dichotomous variables 
were intercepted according to the receiver-operating 
characteristic curve (PIV < 288.1; SII < 784.1; NLR < 3.163; 
PLR < 0.420; dNLR < 2.316). The dynamic change in PIV 
was calculated by subtracting PIV (T1) from the absolute 
PIV (T2). The cutoff values for the dynamic changes in 
PIV as dichotomous variables were determined using the 
X-title software (PIV dynamics < 608.2). PFS was deter-
mined as the duration from the date of treatment initia-
tion to the date of disease progression or patient death 
from any cause. OS was defined as the duration from 
the date of treatment initiation to the date of death from 
any cause. Tumor responses were assessed using the 
Response Evaluation Criteria in Solid Tumors guidelines 
(version 1.1) every 10 ± 2 weeks. This study was approved 
by the board/ethics committee of the Affiliated Hospi-
tal of Nantong University, and exception to the require-
ment of informed consent was approved (Ethic Number: 
2018-K020).

Statistical analysis
Variability was compared using Fisher’s exact test for 
categorical variables and Mann-Whitney or Wilcoxon 
signed-rank tests for continuous variables. Box charts 
and line charts were used to illustrate the differences and 
trends between the two important time points of PIV. 
The association between blood biomarkers and the onset 
of irAEs was analyzed by logistic regression models. For 
data with binary data as the outcome variable, the cut-off 
value of the continuous independent variable is generally 
determined by ROC analysis. For dichotomous outcome 
variables with temporal dimensions, we use X-title to 
determine the cut-off value [31]. Cox regression models 
were used to determine the risk factors for PFS and OS. 
Moreover, PFS and OS were estimated using the Kaplan-
Meier method and were compared using the log-rank 
test. Statistical significance was defined as a two-sided 
p-value of < 0.05. All statistical analyses were performed 
using X-tile versions 3.6.1, SPSS 20.0 (SPSS Inc., Chicago, 
IL) and GraphPad Prism version 9.2.0 (GraphPad Inc., 
San Diego, CA).

Results
Clinical characteristics
The clinical characteristics of 269 patients are outlined in 
Table 1. The median age of patients was 67 (41–87) years, 
with 232 (86.2%) patients being male. The most common 
histological type of NSCLC was adenocarcinoma (n = 164; 

61.0%), followed by squamous carcinoma (n = 104; 38.6%) 
and a rare type of sarcoma (n = 1; 0.4%). Of all patients, 18 
(6.7%) had an Eastern Cooperative Oncology Group per-
formance status of 2. Overall, 215 (55.2%) patients had 
undergone testing for tumor PD-L1 expression; of these, 
147 (68.4%) and 68 (31.6%) patients tested positive and 
negative for PD-L1, respectively. The median number of 
times patients underwent treatment at baseline was five, 
with 168 (62.5%) patients being treated with pembroli-
zumab and 101 (37.5%) with nivolumab. For blood bio-
markers, the median PIV was 387 (17.8–9420), NLR was 
3.37 (0.844–79.7), PLR was 164 (36.4–1490), SII was 682 
(142.0–17300.0), PLR was 164 (36.4–1490), and dNLR 
was 2.07 (-1.34–31.4).

Summary of irAEs
In total, 89 (33%) patients reported irAEs (Table 2), with 
the most common being hyperthyroidism/hypothyroid-
ism (19.7%), skin-related events (17.4%), liver injury 
(15.1%), and enteritis/diarrhea (15.1%). Among organ-
related toxicities, dermatological and endocrine toxicities 
were the most commonly reported irAEs, followed by 
hepatologic and digestive disorders. A total of 89 events 
of all-grade irAEs were documented, of which 12 were 
grade ≥ 3 in severity. The most common grade ≥ 3 irAEs 
were rash and adrenal insufficiency. The grade ≥ 4 irAEs 
included myocarditis and complex infections because 
of hypoimmunity. However, very few grade ≥ 4 events 
were observed; but these may be resulted in death. The 
majority of patients with grade ≥ 3 irAEs were treated 
with steroids, and for a few patients with higher grade 
irAEs, immunotherapy was discontinued permanently. 
All patients who received immunosuppressive therapies 
achieved alleviation of their irAEs.

Univariate and multivariate analyses of risk factors for 
irAEs
Findings regarding the association of irAE onset with 
baseline clinical features and with blood parameters 
are listed in Table  3. None of the baseline clinical fea-
tures affected the overall risk of irAEs. For example, an 
increased number of treatment cycles was not signifi-
cantly associated with a higher probability of developing 
irAEs (odds ratio [OR]: 0.969; 95% confidence interval 
[CI]: 0.917–1.024; p = 0.262). Moreover, no association 
was noted between PD-L1 expression and irAE onset 
(OR: 0.787; 95% CI: 0.406–1.524; p = 0.477). However, 
the following blood markers showed a significant cor-
relation with the occurrence of irAEs: L-PIV (OR: 0.112; 
95% CI: 0.062–0.202; p < 0.001), L-SII (OR: 0.129; 95% 
CI: 0.067–0.250; p < 0.001), L-NLR (OR, 0.294; 95% 
CI, 0.171–0.504; p < 0.001), L-PLR (OR: 0.164; 95% CI: 
0.092–0.293; p < 0.001), L-MLR (OR: 0.229; 95% CI: 
0.129–0.407; p < 0.001), and L-dNLR (OR: 0.299; 95% 
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Table 1 Clinical characteristics
Overall 
(N = 269)

Gender
Female 37.0 (13.8%)
Male 232.0 (86.2%)
Age
Median (range) 67.0 [41.0, 

87.0]
Smoker
No 83.0 (30.9%)
Yes 186.0 (69.1%)
Histology
Squamous carcinoma 164.0 (61.0%)
Adenocarcinoma 104.0 (38.6%)
Sarcoma 1.0 (0.4%)
Stage
III 92.0 (34.2%)
IVA 118.0 (43.9%)
IVB 59.0 (21.9%)
Number of treatment with ICIs
Median (range) 5.00 [2.00, 

50.0]
PD-1/PD-L1 TPS
< 1% 68.0 (25.3%)
> 1% 147.0 (54.6%)
Unknown 54.0 (20.1%)
Number of metastatic sites
<3 210.0 (78.1%)
≥ 3 59.0 (21.9%)
ICIs agent
Pembrolizumab 168.0 (62. 5%)
Nivolumab 101.0 (37.5%)
ECOG.PS
0 115.0 (42.8%)
1 136.0 (50.6%)
2 18.0 (6.7%)
PIV
Median (range) 387.0 [17.8, 

9420]
SII
Median (range) 682.0 [142, 

17,300]
NLR
Median (range) 3.37 [0.844, 

79.7]
PLR
Median (range) 164.0 [36.4, 

1490]
MLR
Median (range) 0.408 [0.04, 

7.12]
dNLR
Median (range) 2.07 [-1.34, 

31.4]
irAEs, immune-related adverse events; ECOG/PS, Eastern Cooperative Oncology Group Performance Status; PD-1/PD-L1 TPS, Programmed Cell Death-1/Programmed 
Cell Death-Ligand 1 Tumor Proportion Score; ICIs, Immune Checkpoint Inhibitors; PIV, pan-immune-inflammatory value; SII, systemic immuneinflammation index; 
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR, monocyte to lymphocyte ratio; dNLR, neutrophil to (leucocytes-neutrophils) ratio
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CI: 0.165–0.541; p < 0.001). Finally, multivariate analysis 
confirmed that L-PIV (OR: 0.235; 95% CI: 0.117–0.472; 
p < 0.001; Table 3), L-SII (OR: 0.393; 95% CI: 0.175–0.883; 
p = 0.024), and L-PLR (OR: 0.483; 95% CI: 1.055–4.500; 
p = 0.035) were the independent predictors of irAEs.

In addition, determining collinearity using the variance 
inflation factor (PIV: 1.976; SII: 2.511; NLR: 2.777; PLR: 
1.571; MLR: 1.691; dNLR: 2.391) revealed the absence of 
multicollinearity for blood biomarkers (Table 3).

Impact of peripheral blood parameters on PFS and OS
Specific variables identified as by univariate analysis 
included the number of treatments with ICIs, PIV, SII, 
NLR, PLR, MLR, and dNLR (p < 0.05; Table  4). These 
variables were further analyzed using the multivariate 
model. Finally, only the number of treatments with ICIs 
(HR = 0.950, 95% Cl: 0.920–0.982, p = 0.002) and higher 
PIV (HR = 1.707, 95% Cl: 1.275–2.286, p < 0.001) were 
the independent prognostic factors for poor median PFS 
(Table 4).

A total of 196 tumor progression events were observed 
in 1 year of follow-up, with the median PFS being 7 
months. The tumor progression events rate was 72.9%, 
with the median PFS being significantly longer in patients 
with low PIV (10 months, 95% CI: 8.6–11.4; Fig. 1A).

Univariate analysis demonstrated that stage, number 
of metastatic sites, PIV, SII, NLR, PLR, MLR, and dNLR 
were associated with OS (p < 0.05, Table 4). However, in 
multivariate analysis, only low PIV (HR = 2.414, 95% Cl: 
1.509–3.862, p < 0.0001) and the number of metastatic 
sites (< 3, HR = 0.602, 95% Cl: 0.375–0.966, p = 0.035) were 
independently associated with longer survival outcomes 
(Table 4).

A total of 88 deaths occurred during the follow-up 
period, with the OS rate being 67.3%. The median OS 
for patients with low PIV was 29 months compared with 
21 months in patients with high PIV (95% CI: 19.4–22.5, 
p < 0.0001; Fig. 1B).

Table 2 Immune-related adverse events (n = 86)
Grading

irAE subtypes Total 1 2 3 ≥ 4
Skin-related events 15 5(34%) 7(47%) 2(13%) 1(6%)
Pneumonitis 7 2(28%) 4(57%) 1(15%)
Enteritis/Diarrhea 13 3(23%) 9(69%) 1(8%)
Endocrine
Hyperthyroidism/
Hypothyroidism

17 7(41%) 10(59%)

Adrenal insufficiency 3 1(33%) 2(67%)
Hepatology 13 2(15%) 10(77%) 1(8%)
Nephrology 4 4(100%)
Hematologic
Neutropenia 6 2(33%) 3(50%) 1(17%)
Thrombocytopenia 5 2(40%) 3(60%)
Others
Myocarditis 1 1(100%)
Complex infections 1 1(100%)
Neuritis 1 1(100%)

Table 3 Univariate and multivariate analyses of irAEs
Variable OR Univariate 95% CI p Value VIF OR Multivariate 

95%CI
p 
Value

Gender 1.353 0.658–2.780 0.411
Age 1.004 0.974–1.035 0.787
Smoker 1.656 0.962–2.850 0.068
Histology 0.787 0.453–1.366 0.394
Stage 1.102 0.545–2.231 0.787
Number of treatment with ICIs 0.969 0.917–1.024 0.262
PD-1 TPS 0.787 0.406–1.524 0.477
Number of metastatic sites 1.091 0.621–1.785 0.785
ICIs agent 1.053 0.584–2.038 0.848
ECOG/PS 1.048 0.686–1.602 0.827
PIV(H/L) 0.112 0.062–0.202 < 0.001 1.976 0.235 0.117–0.472 < 0.001
SII(H/L) 0.129 0.067–0.250 < 0.001 2.511 0.393 0.175–0.883 0.024
NLR(H/L) 0.294 0.171–0.504 < 0.001 2.777 0.356
PLR(H/L) 0.164 0.092–0.293 < 0.001 1.571 0.483 0.240–0.972 0.041
MLR(H/L) 0.229 0.129–0.407 < 0.001 1.691 0.657
dNLR(H/L) 0.299 0.165–0.541 < 0.001 2.391 0.509
irAEs, immune-related adverse events; ECOG/PS, Eastern Cooperative Oncology Group Performance Status; PD-1/PD-L1 TPS, Programmed Cell Death-1/Programmed 
Cell Death-Ligand 1 Tumor Proportion Score; ICIs, Immune Checkpoint Inhibitors; PIV, pan-immune-inflammatory value; SII, systemic immuneinflammation index; 
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR, monocyte to lymphocyte ratio; dNLR, neutrophil to (leucocytes-neutrophils) ratio; H/L, 
High/Low. P values were indicated in bold when statistical results were significant
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PIV dynamics
A box plot plotted for comparing irAEs patients with PIV 
at T1 and T2 revealed a mean of 191.6 vs. 219.4 and an 
interquartile range (IQR) of 176.9 vs. 539.7. Moreover, 
the box plot suggested a significant difference in the asso-
ciation of PIV with irAEs between T1 and T2 (Fig.  2A, 
p = 0.006). For patients with no irAEs, the median of the 
box plot at T1 and T2 was 527.5 and 409.5, with the IQR 
being 620.8 and 727.9, respectively; however, these values 
did not significantly differ between the two time points 
(p = 0.056; Fig. 2B). In addition, PIV dynamics were com-
pared between patients with irAEs and without irAEs 
using box plot analysis. The median obtained for patients 
with irAEs and without irAEs was 190.0 and 317.0, with 
an IQR of 447.6 and 550.3, respectively. This indicated a 
significant difference in PIV dynamics between the two 
groups (p = 0.001; Fig. 2C). The line chart (Fig. 2D) shows 
the changes in PIV with follow-up. The average change in 
PIV in patients with irAEs was 350 (Fig. 2D) and in those 
without irAEs was 678 (Fig.  2E). PIV dynamics were 

significantly lower in patients with irAEs than in those 
without irAEs.

The median PFS was longer for patients with a 
smaller PIV change (9 months; 95% CI: 7.9–10.0) than 
for patients with a greater PIV change (6 months; 95% 
CI: 4.8–7.1; log-rank test p = 0.0119; Fig.  1C). Likewise, 
median OS was significantly longer for patients with a 
smaller PIV change (28 months; 95% CI: 24.3–31.8) than 
for patients with a greater PIV change (21.6 months; 95% 
CI: 18.6–23.3; log-rank test p = 0.0021; Fig. 1D).

Discussion
As a newly emerging biomarker, PIV integrates neutro-
phil, platelet, monocyte, and lymphocyte counts, thus 
reflecting the systemic and intratumoral inflammatory/ 
immune system status. The present retrospective study 
suggested that among the assessed hematological mark-
ers, only low PIV was an independent and significant fac-
tor affecting the occurrence of irAEs. Moreover, low PIV 
at baseline was the only independent prognostic factor of 
both PFS and OS, and the change in PIV dynamic before 

Fig. 1 Kaplan-Meier survival estimates according to baseline PIV and PIV dynamics. (A) Progression-free survival according to PIV at baseline. (B) Overall 
survival according to PIV at baseline. (C) Progression-free survival according to PIV dynamics. (D) Overall survival according to PIV dynamics
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and after treatment was directly associated with the 
occurrence of irAEs and with clinical prognosis.

The underlying mechanisms and rationale of each 
peripheral blood marker are different. NLR is composed 

of neutrophil-to-lymphocyte ratio, PLR is composed 
of platelet-to-lymphocyte ratio, MLR is composed of 
monocyte-to-lymphocyte ratio, and SII is a compre-
hensive marker calculated from the three indicators of 

Fig. 2 PIV dynamic changes during the immunotherapy.(A) Comparison of PIV at baseline and week 3–4 from irAEs patients. (B) Comparison of PIV at 
baseline and week 3–4 from no irAEs patients. (C) Comparison of PIV dynamics between the irAEs and no irAEs patients. (D) PIV dynamics during baseline 
and week 3–4 in irAEs patients. (1 data point is outside the axis limits) (E) PIV dynamics during baseline and week 3–4 in no irAEs patients. (13 data points 
are outside the axis limits)
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neutrophils, lymphocytes, and platelets. However, the 
dNLR is composed of leukocytes and neutrophilsIn. In 
addition, platelets play an important role in hemostasis 
and thrombosis; however, tumor cells may bind to plate-
lets to escape from the immune system [32, 33]. More-
over, activated platelets release a variety of factors that 
promote tumor development and invasion [34]. Similar 
to platelets, monocytes are closely related to the occur-
rence and development of cancer. Studies have shown 
that peripheral blood monocytes can indirectly interact 
with tumor-associated macrophages in the TME [35], 
and M2 macrophages can promote the growth of tumor 
cells [36]. Similarly, neutrophils play a role in tumor pro-
gression by releasing reactive oxygen species and secret-
ing pro-tumor cytokines, which induce angiogenesis, 
invasion, and immunosuppression [37, 38]. In contrast, 
lymphocytes suppress tumorigenesis, and CD8 + and 
CD4 + T cells in the TME mediate antitumor effects [39]. 
Neutrophils, platelets, and monocytes all show cancer-
related inflammatory responses of patients, while lym-
phocytes represent the immunomodulatory status of 
patients in cancer treatment. Overall, in addition to 
dNLR, which is the main specific parameter of inflam-
matory response [40], the other four types of peripheral 
blood biomarkers are indicators of the balance between 
immunity and inflammation, and have certain clinical 
value in immunotherapy of patients with NSCLC.

The difference between the four types of indicators 
mentioned above is that PIV integrates neutrophils, 
monocytes, platelets and lymphocytes, covering as many 
peripheral blood parameters as possible. In theory, PIV 
is a more objective indicator of the complex immune 
and inflammatory status of the body compared with 
individual systemic inflammatory indicators such as SII 
and PLR. As PIV represents all these parameters, it is an 
external manifestation of a state that reflects the balance 
between pro-tumor and anti-tumor factors in the TME.

Notably, a previous study has shown that PIV is asso-
ciated with irAEs in patients with gastrointestinal 
tumors; however, this role of PIV has not been discussed 
in patients with NSCLC. In line with this, the present 
study found that many blood biomarkers were correlated 
with the occurrence of irAEs, with PIV exhibiting a sig-
nificant correlation. Unfortunately, other clinicopatho-
logical characteristics of patients, such as age, sex, and 
pathological subtype, were not correlated with the inci-
dence of irAEs. Moreover, a low PIV indicated a greater 
anti-tumor activity. This implies that immune supple-
mentation using ICIs would ultimately lead to increased 
incidence of irAEs.

The use of PIV as a predictor of cancer prognosis has 
been previously investigated and confirmed in a few stud-
ies [41, 42]. The present retrospective analysis supports 
the value of PIV in survival analysis. In addition, the Cox 

multifactorial analysis further confirmed that PIV is the 
only independent factor affecting PFS and OS. This is 
because PIV may capture the complexity of the immune 
environment and its many components more compre-
hensively than individual blood cell parameters or other 
combined statistics. Thus, a low PIV at baseline implies 
stronger immunity prior to treatment, which reflects the 
suppression of tumor growth and invasion, ultimately 
prolonging survival.

In fact, there have been many studies demonstrating 
the prognostic value of blood biomarker kinetic studies in 
immunotherapy [43, 44]. When patients with non-small 
cell lung cancer receive immunotherapy for the first time, 
the immune and inflammatory reactions of the body 
are the most intense. And the occurrence of irAEs often 
occurs in the process of early immunotherapy. Therefore, 
evaluating the immune and inflammatory response in 
vivo by analyzing the changes in peripheral blood param-
eters of patients before and after the first immunotherapy 
is an important indicator to determine whether patients 
are suitable for immunosuppressants. However, the focus 
of this study is not limited to pre-treatment baseline 
PIV. It is necessary and valuable to assess the dynamic 
changes in PIV, owing to its correlation with irAEs and 
clinical prognosis in patients with NSCLC. Cancer is a 
progressive disease, and baseline PIV can only describe 
the inflammatory/immune status of a patient over a par-
ticular time point. Our results further demonstrate that 
a smaller PIV change is significantly associated with the 
incidence of irAEs, and these patients with smaller PIV 
change have longer PIV and OS. Therefore, a kinetic 
study of PIV may reflect the variation in the inflamma-
tory/immune system status during the short-term treat-
ment, which theoretically provides a better picture of 
disease progression and treatment status. Hence, PIV 
kinetic studies can be used for predicting clinical sur-
vival, real-time monitoring of immunotherapy efficacy, 
and dynamic monitoring of TME homeostasis.

However, our study has a few limitations. This was a 
retrospective study and lacked prospective validation. In 
addition, the follow-up period was short (median follow-
up: 17 months). And many clinical indicators will still 
affect the results, such as concomitant diseases, com-
plications, and even the process of processing clinical 
specimens may affect the serum concentration of each 
indicator. Therefore, in this study, we tried to strictly 
standardize the inclusion of the population and the 
course of treatment as much as possible, and exclude 
the relevant bias as much as possible. At the same time, 
from a methodological point of view, we analyzed scien-
tifically and comprehensively, and tried not to lose any 
valuable indicators. Even a single baseline indicator may 
have errors, we tried to analyze PIV from the perspective 
of dynamics, intercepting the test indicators at two time 
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points before and after treatment, analyzing the changes 
in immunological and inflammatory values before and 
after treatment, so as to assess the efficacy, and exclude 
the possibility of data error or bias as much as possible.

This study successfully validated the role of PIV in 
predicting irAEs and determining clinical prognosis in 
patients with NSCLC receiving immunotherapy. Finally, 
the PIV dynamic evaluation time needs to be extended, 
and PIV needs to be assessed at multiple time points. 
This will better reflect the balance between the pro-
tumor and anti-tumor factors in TME. In conclusion, the 
use of PIV as a blood biomarker for clinical regression 
and prognostic assessment in immunotherapy-treated 
patients with NSCLC should be further explored in pro-
spective clinical trials with larger sample sizes and longer 
follow-up periods. In fact, there have been many stud-
ies combining blood biomarkers as clinical factors with 
other markers, such as radiomics, proteogenomics, etc. 
[45], and even creating reliable nomograms for the pre-
diction of clinical immunotherapy and risk stratification 
[46]. Therefore, from our point of view as clinicians, our 
future work is to try to incorporate more clinical data, 
conduct multi-omics joint studies, and establish reliable 
predictive models for clinical decision-making with the 
help of PIV and PIV kinetics.

Conclusion
In patients with NSCLC, PIV at the baseline and its 
dynamics can be used as early, surrogate markers to 
monitor immunotherapy efficacy, determine irAEs, and 
predict survival. The clinical application of dynamic 
changes in immunoinflammatory markers merits further 
investigation.
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