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Background
Soft-tissue sarcomas (STSs) constitute heteroge-
neous groups of tumors involving more than 100 
different histologic and molecular subtypes.1 
Treatment is tailored according to the histology 
subtypes, tumor location, disease extent, and 
molecular profiles. Multidisciplinary manage-
ment, including surgery, chemotherapy, targeted 
therapy, and radiation, is required.2 Among the 
targeted therapies, pazopanib has emerged as  
a viable option, demonstrating improved 

progression-free survival (PFS) in patients with 
metastatic non-adipocytic STSs following stand-
ard chemotherapy failure.3 However, with a 
median PFS of 4.6 months for pazopanib, the 
need for surrogate markers becomes imperative in 
the era of precision medicine.

Pazopanib is an orally administered multi-kinase 
inhibitor, targeting the vascular endothelial 
growth factor receptors, platelet-derived growth 
factor receptors, and stem-cell factor receptor 
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Abstract
Background: Increasingly, more evidence has shown that inflammation stress and the tumor 
microenvironment pose a negative effect on targeted therapy. The neutrophil-to-lymphocyte 
ratio is considered to be a surrogate biomarker of inflammation and can predict pazopanib 
treatment effect in non-adipocytic soft-tissue sarcoma (STS). The role of the pan-immune-
inflammation value (PIV) in STS is still yet to be determined.
Objectives: We sought whether the pre-treatment PIV could be applied to predict the response 
of pazopanib in STS.
Design: We conducted a retrospective analysis of 75 patients who had been treated with 
pazopanib for recurrent or metastatic non-adipocytic STS.
Methods: Our cohort was stratified into either a pre-treatment high PIV group with PIV ⩾310 
(n = 45) or a low PIV group with PIV <310 (n = 30). We compared their clinical features and 
outcomes. Cox regression analysis was employed to determine the risk factors of disease 
progression and mortality. Kaplan–Meier survival curves were utilized to assess both the 
progression-free survival (PFS) and overall survival (OS).
Results: The results revealed that a pre-treatment high PIV (⩾310) is a risk factor for 
progression under pazopanib (hazard ratio: 1.91; 95% confidence interval: 1.08–3.36; p = 0.025). 
The median PFS and OS of the pre-treatment high PIV group were found to be significantly 
lower than the low PIV group (0.33 vs 0.75 years; p = 0.023, 0.46 vs 1.63 years; p = 0.025).
Conclusion: High pre-treatment PIV in STS patients may indicate an elevated risk of disease 
progression and mortality. Pre-treatment PIV reflects inflammation stress and acts as a 
practical biomarker for STS patients treated with pazopanib.
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c-kit.4 Inflammation stress and the tumor micro-
environment (TME) play important roles in 
enhancing tumorigenesis and angiogenesis.5,6 In 
our hypothesis, elevated inflammation status may 
negatively impact the efficacy of anti-angiogenic 
therapy, including pazopanib.

Previous studies have shown that the neutrophil-
to-lymphocyte ratio (NLR), which reflects one’s 
inflammation status, can act as a predictive 
marker of pazopanib treatment in STS.7,8 Other 
inflammation stress markers, such as the platelet-
to-lymphocyte ratio (PLR) and lymphocyte-to-
monocyte ratio have also been proposed.9,10  
The pan-immune-inflammation value (PIV) has 
recently emerged as a composite biomarker 
reflecting inflammation stress. Its value is calcu-
lated by integrating neutrophil, platelet, mono-
cyte, and lymphocyte count. The utility has been 
tested in several cohorts.11–13 However, no previ-
ous studies have examined the significance of PIV 
in STS, making it necessary to establish the cutoff 
value of PIV from the ground up. In this study, 
we aim to explore the role of pre-treatment PIV in 
an STS population undergoing targeted therapy 
with pazopanib.

Methods

Patients
The medical records of 87 consecutive STS 
patients diagnosed with STS between January 
2010 and December 2021 at Taichung Veterans 
General Hospital, Taiwan, were retrospectively 
reviewed. Well-differentiated liposarcoma (LPS) 
histology subtypes were not included. Patients 
whose records were not comprehensive (n = 8) or 
had gone without pazopanib treatment (n = 4) 
were excluded. Consequently, a total of 75 
patients were included in this study. To investi-
gate the clinical characteristics and prognostic 
significance of pre-treatment PIV, these 75 
patients were stratified into either a high PIV 
group with pre-treatment PIV ⩾310 (n = 45) or a 
low PIV group with pre-treatment PIV <310 
(n = 30). The pre-treatment PIVs were measured 
on the day or a few days before pazopanib admin-
istration, to minimize the impact of acute infec-
tion or inflammation on the value. The PIVs at 
STS diagnosis were also measured. The PIV was 
calculated using the equation: (neutrophil count 
(103/mm3) × platelet count (103/mm3) × mono-
cyte count (103/mm3))/lymphocyte count (103/
mm3).11 All the blood cells were measured from 

peripheral blood samples. A cutoff point of 310 
was established based on a prior literature 
review.13 Inflammation-related biomarker NLR 
was also computed. The cutoff value of NLR was 
set as 3 according to previous literature, which 
showed that NLR less than 3 was associated with 
better PFS.7

Patient-specific details including age, gender, 
tumor histology, disease location, and disease 
stage were collected for each individual in the 
cohort. All patients were categorized as having a 
good performance status and were deemed suita-
ble for initial chemotherapy. The Charlson 
comorbidity index (CCI) score was utilized to 
evaluate the overall health status of the study par-
ticipants. The characteristics of tumor samples, 
including histology, tumor size (n = 67), mitosis 
index (n = 47), and Fédération Nationale des 
Centres de Lutte Contre le Cancer grading 
(n = 45) were assessed through examination by an 
experienced pathologist. There were missing val-
ues because of small or fragmented specimens in 
some patients. Some patients had no frontline 
surgery information and could not be traced in 
the retrospective chart review. The histology was 
classified according to the World Health 
Organization (WHO) classification of tumors, 
5th Edition.

The Institutional Review Board of Taichung 
Veterans General Hospital approved this study. 
Informed consent from patients was not 
required for this study according to the regula-
tions set by the Institutional Review Board, as it 
was a retrospective study design (Registered 
number CE23375B).

Treatment, clinical response, and survival 
analysis
Following diagnosis, treatment plans were initi-
ated under the guidance of physicians. Disease 
status was deemed metastatic if multiple metasta-
ses were present without the possibility of com-
plete surgical resection. Chemotherapy regimens, 
either adjuvant or palliative, were selected based 
on physician evaluation during the study period. 
Initial chemotherapy encompassed adriamycin-
based or gemcitabine-based regimens, included 
for subsequent analysis. Pazopanib was utilized in 
second-line treatment or later based on the judg-
ment of experienced physicians. The dosage was 
adjusted in response to side effects, with a maxi-
mum target of 800 mg. The washout period 
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between pazopanib and prior chemotherapy was 
measured. In addition, subsequent therapies fol-
lowing pazopanib treatment and the total number 
of therapy lines were documented.

The clinical response was evaluated based on the 
Response Evaluation Criteria in Solid Tumors, 
version 1.1. The PFS of pazopanib treatment was 
defined as the duration from the day of pazopanib 
usage to disease progression. Overall survival 
(OS) was defined as the duration from the day of 
pazopanib usage until either mortality or the cen-
sor day, December 31, 2022.

Statistical analysis
Continuous and categorical variables between the 
high PIV and low PIV groups were compared 
using the Mann–Whitney U test and the Chi-
squared test, or the Fisher’s exact test as appro-
priate. Numerical data are presented as median 
and interquartile range (IQR) to attenuate the 
effect of extreme values. Pearson correlation was 
used to measure the correlation between pre-
treatment PIV and PIV at diagnosis. Univariate 
and multivariate Cox regression models were 
used to determine the prognostic relevance quan-
tified as hazard ratios (HRs), with 95% confi-
dence intervals (CIs). Kaplan–Meier survival 
curves were utilized to estimate both the PFS and 
OS. Statistical analyses were performed using the 
Statistical Package for the Social Sciences (IBM 
SPSS version 22.0; International Business 
Machines Corp., Armonk, NY, USA). The statis-
tical significance was set at p < 0.05.

Results

Histology subtypes of the cohort
In our STS cohort, well-differentiated LPS cases 
were excluded. The most common histology sub-
type was leiomyosarcoma (LMS) (n = 36, 48%) 
with 12 (33.3%) of these originating in the uterus. 
Other histology subtypes included undifferenti-
ated sarcoma (n = 13, 17.3%), fibrosarcoma 
(n = 4, 5.3%), angiosarcoma (n = 4, 5.3%), malig-
nant peripheral nerve sheet tumor (MPNST) 
(n = 3, 4.0%), malignant phyllodes tumor of 
breast (n = 3, 4.0%), synovial sarcoma (n = 2, 
2.7%), myxofibrosarcoma (n = 2, 2.7%), dediffer-
entiated LPS (n = 2, 2.7%), desmoplastic small 
round cell tumor (n = 1, 1.3%), BCOR rearranged 
sarcoma (n = 1, 1.3%), adenosarcoma with sarco-
matous overgrowth (n = 1, 1.3%), alveolar soft 

part sarcoma (n = 1, 1.3%), malignant inflamma-
tory myofibroblastic tumor (n = 1, 1.3%), and 
Ewing-like undifferentiated sarcoma (n = 1, 
1.3%).

Undifferentiated sarcoma was further sub-classi-
fied into three categories, which were pleomor-
phic sarcoma (n = 5, 6.7%), spindle cell sarcoma 
(n = 5, 6.7%), and undifferentiated uterine sar-
coma (n = 3, 4.0%). The distribution of these 
subtypes was illustrated in a pie chart (Figure 1). 
For simplification, subtypes represented by only 
one sample were grouped under “Others” in 
Figure 1.

Comparison of clinical features between the 
pre-treatment low PIV and high PIV groups
The clinical features of age, gender, CCI score, 
tumor size, location, histology subtype, disease 
stage, mitosis index, and grade were not signifi-
cantly different between the two groups. There 
were also no treatment differences between the 
groups, including frontline surgery, frontline 
chemotherapy, total lines of therapy, or timing of 
pazopanib. The PIV at diagnosis and washout 
period before pazopanib showed no differences 
between groups (Table 1). The median value of 
total lines of therapy in our cohort was 3 (IQR 
2–4). The following treatments after pazopanib 
were highly heterogeneous according to each 
patient’s condition and physician’s choice. These 
included gemcitabine, docetaxel, cisplatin, liposo-
mal doxorubicin, eribulin, ifosfamide, dacarbazine, 
bevacizumab, methotrexate, cyclophosphamide, 
trabectedin, ufur, nivolumab, pembrolizumab, 
palliative radiotherapy, or salvage surgery.

The Pearson correlation coefficient between pre-
treatment PIV and PIV at diagnosis was −0.02 
(r = −0.02, p = 0.856), indicating no significant 
linear correlation (Figure 2).

Pre-treatment high PIV is a risk factor 
associated with disease progression
We employed Cox regression analysis to investigate 
the impact of pre-treatment PIV on progression in 
STS patients who had received pazopanib therapy. 
Univariate analysis revealed that a high pre-treat-
ment PIV was the only parameter significantly 
associated with a higher risk of progression (HR: 
1.91; 95% CI: 1.08–3.36; p = 0.025). No other fac-
tors demonstrated a significant effect on the risk of 
progression with pazopanib treatment (Table 2).
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Risk factors associated with mortality
Univariate analysis revealed that a high pre-treat-
ment PIV (HR: 1.80; 95% CI: 1.07–3.04; 
p = 0.027), high pre-treatment NLR (HR: 2.01; 
95% CI: 1.20–3.34; p = 0.007), and high mitosis 
index (HR: 5.50; 95% CI: 1.31–23.10; p = 0.020) 
were significantly associated with a higher risk of 
mortality. Multivariate analysis showed high mito-
sis index (HR: 6.43; 95% CI: 1.50–27.48; 
p = 0.012) was the independent risk factor for mor-
tality (Table 3). Although the mitosis index showed 
a significant effect in multivariate analysis, the ana-
lytical number was limited (n = 47) because the 
variable cannot be measured in some specimens.

Outcome comparison between the high PIV and 
low PIV groups
Survival analysis was performed on patients who 
had received pazopanib. In our cohort, STS 
patients who had received pazopanib achieved a 
median PFS of 0.41 years. The median PFS of 
patients with a high pre-treatment PIV and low 
PIV were 0.33 and 0.75 years (p = 0.023) (Figure 
3). The median OS of all the STS patients after 
receiving pazopanib in our cohort was 0.67 years. 
The median OS of patients with a high pre-treat-
ment PIV and low PIV were 0.46 and 1.63 years, 
respectively (p = 0.025) (Figure 4).

Discussion
In our cohort, most of the patients’ histological 
records indicated LMS (n = 36, 48.0%) (Figure 
1), with the predominant ratio of LMS being far 
higher than the normal incidence rate in Taiwan, 
which is approximately 7.6%.14 The high propor-
tion of uterine LMS amongst the LMS subjects 
(n = 12, 33.3%) suggested that these patients first 
undergo debulking surgery followed by a gemcit-
abine and docetaxel combination treatment.15 
Two samples were not initially identified as dedif-
ferentiated LPS due to their poorly differentiated 
morphology. However, upon thorough review of 
the slides during this study, they were reclassified 
as dedifferentiated LPS. Common histology sub-
types in Taiwan were found in our cohort, includ-
ing angiosarcoma, fibrosarcoma, MPNST, and 
synovial sarcoma.14 Spindle cell sarcoma, pleo-
morphic sarcoma, and undifferentiated uterine 
sarcoma were categorized into undifferentiated 
sarcoma to better fit the WHO classification of 
tumors, 5th Edition. However, due to the retro-
spective nature of our study and the exclusion of 
LPS, our cohort may not entirely represent the 
incidence of STS subtypes.

The precise cutoff value of PIV varied across  
different cohorts, reflecting the absence of a  
current consensus on a standardized cutoff. A 

Figure 1. Histology of soft-tissue sarcoma patients who had received pazopanib between January 2010 and 
December 2021 in Taichung Veterans General Hospital.
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Table 1. Clinical characteristics of patients.

Clinical variables Total (n = 75) Pre-treatment PIV <310 
(n = 30)

Pre-treatment PIV  
⩾310 (n = 45)

p-Value

Age at diagnosis (years), median 
(IQR)

55.00 (47–62) 54.50 (47.5–61.5) 55.00 (47–62.5) 0.910

Gender, n (%) 0.225

 Male 18 (24.00%) 5 (16.67%) 13 (28.89%)  

 Female 57 (76.00%) 25 (83.33%) 32 (71.11%)  

PIV at diagnosis, median (IQR) 401.73 (228.46–1312.62) 366.90 (180.97–945.69) 426.38 (244.54–1322.25) 0.387

PIV at diagnosis ⩾310, n (%) 47 (62.67%) 17 (56.67%) 30 (66.67%) 0.380

Washout period (days), median (IQR) 41.00 (24–107) 64.00 (15.75–330.5) 36.00 (26–63.5) 0.393

CCI score, median (IQR) 4.00 (3–7) 6.00 (3–8) 4.00 (3–7) 0.100

Tumor size (cm), median (IQR) 
(n = 67)

8.00 (5–12.5) 9.10 (6.7–15) 8.00 (4.5–10.75) 0.092

Location 0.520

 Uterus 19 (25.33%) 7 (23.33%) 12 (26.67%)  

 Retroperitoneal 22 (29.33%) 11 (36.67%) 11 (24.44%)  

 Extremity, H&N, superficial 34 (45.33%) 12 (40.00%) 22 (48.89%)  

Histology, n (%) 0.127

 Non-LMS 43 (57.33%) 14 (46.67%) 29 (64.44%)  

 LMS 32 (42.67%) 16 (53.33%) 16 (35.56%)  

Stage, n (%) 0.300

 Non-metastatic 38 (50.67%) 13 (43.33%) 25 (55.56%)  

 Metastatic 37 (49.33%) 17 (56.67%) 20 (44.44%)  

Mitosis index (/10 HPF), n (%) (n = 47) 0.713

 <10 9 (19.15%) 3 (15.00%) 6 (22.22%)  

 ⩾10 38 (80.85%) 17 (85.00%) 21 (77.78%)  

Grade, n (%) (n = 45) 0.589

 FNCLCC grade 1 4 (8.89%) 1 (5.26%) 3 (11.54%)  

 FNCLCC grade 2 15 (33.33%) 8 (42.11%) 7 (26.92%)  

 FNCLCC grade 3 26 (57.78%) 10 (52.63%) 16 (61.54%)  

Frontline surgery, n (%) (n = 68) 1.000

  Excision with a negative margin 20 (29.41%) 8 (28.57%) 12 (30.00%)  

  Excision with a positive margin 41 (60.29%) 17 (60.71%) 24 (60.00%)  

 No excision 7 (10.29%) 3 (10.71%) 4 (10.00%)  

(Continued)
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meta-analysis suggested a wide-ranging PIV cut-
off, spanning from 164.6 to 600.0, influenced 
significantly by multiple factors, including dis-
ease type, population variations, sample size, and 
assay methods.16 Determining the optimal 
threshold can be achieved through diverse 
approaches such as the use of median values, the 
maximally selected rank test, receiver operating 
characteristic curve analysis, or past empirical 
knowledge.11–13,16 No studies have proposed the 
significance of PIV in STS before. Notably, 

within cancer patient populations, the value typi-
cally ranged from 300 to 400.11–13 In our specific 
cohort, a pre-treatment PIV of 310 was adopted, 
derived from a reference in a prior study that tar-
gets the population of breast cancer.13 Utilizing 
the maximally selected rank test, we calculated a 
cut point of 613 for PIV, revealing significant dif-
ferences in median PFS and OS between the 
high and low PIV groups. However, the cutoff 
value of 613 was far from the previous descrip-
tion of PIV in malignancy. Further research with 

Figure 2. Pearson correlation of pre-treatment PIV and PIV at diagnosis showed a correlation coefficient 
r = −0.02 (p = 0.856).
PIV, pan-immune-inflammation value.

Clinical variables Total (n = 75) Pre-treatment PIV <310 
(n = 30)

Pre-treatment PIV  
⩾310 (n = 45)

p-Value

Frontline chemotherapy, n (%) 0.286

 Adriamycin based 55 (73.33%) 24 (80.00%) 31 (68.89%)  

 Gemcitabine based 20 (26.67%) 6 (20.00%) 14 (31.11%)  

Total lines of therapy, median (IQR) 3.00 (2–4) 3.5 (2.25–5) 3.00 (2–4) 0.172

Line of pazopanib 0.703

 Second line 43 (57.33%) 18 (60.00%) 25 (55.56%)  

 Beyond second line 32 (42.67%) 12 (40.00%) 20 (44.44%)  

Data were compared using the Mann–Whitney U test, Chi-square test, and Fisher’s exact test.
CCI, Charlson comorbidity index; FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer; H&N, head and neck; HPF, high-power 
field; IQR, interquartile range; LMS, leiomyosarcoma; PIV, pan-immune-inflammation value.

Table 1. (Continued)
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Table 2. Risk factors of progression.

Clinical variables Univariate

 HR 95% CI p-Value

Pre-treatment PIV ⩾310 1.91 (1.08–3.36) 0.025*

PIV at diagnosis ⩾310 1.24 (0.70–2.19) 0.466

Washout period (days) 1.00 (1.00–1.00) 0.294

Pre-treatment NLR ⩾3 1.61 (0.93–2.78) 0.090

Age ⩾65 years 0.76 (0.34–1.69) 0.501

Female 1.31 (0.64–2.70) 0.461

CCI score 1.03 (0.91–1.16) 0.692

Tumor size ⩾10 cm (n = 67) 0.89 (0.5–1.61) 0.711

Location

 Uterus 1.00  

 Retroperitoneal 1.13 (0.56–2.28) 0.726

 Extremity, H&N, superficial 1.08 (0.54–2.16) 0.831

Histology

 Non-LMS 1.00  

 LMS 0.79 (0.45–1.37) 0.397

Stage

 Non-metastatic 1.00  

 Metastatic 1.26 (0.73–2.17) 0.400

Mitosis ⩾10/10 HPF (n = 47) 2.08 (0.78–5.49) 0.141

Grade (n = 45)

 FNCLCC grade 1 1.00  

 FNCLCC grade 2 1.16 (0.31–4.36) 0.830

 FNCLCC grade 3 3.07 (0.84–11.18) 0.089

Frontline surgery (n = 68)

 Excision with margin negative 1.00  

 Excision with margin positive 1.21 (0.63–2.31) 0.567

 No excision 2.46 (0.92–6.59) 0.073

Frontline chemotherapy

 Adriamycin based 1.00  

 Gemcitabine based 0.71 (0.37–1.36) 0.298

Line of pazopanib

 Second line 1.00  

 Beyond second line 0.83 (0.48–1.43) 0.500

Data analysis by Cox proportional hazard model.
*p < 0.05.
CCI, Charlson comorbidity index; CI, confidence interval; FNCLCC, Fédération Nationale des Centres de Lutte Contre 
le Cancer; H&N, head and neck; HPF, high-power field; HR, hazard ratio; LMS, leiomyosarcoma; NLR, neutrophil-to-
lymphocyte ratio; PIV, pan-immune-inflammation value.
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Table 3. Risk factors of mortality.

Clinical variables Univariate Multivariate (n = 47)

 HR 95% CI p Value HR 95% CI p Value

Pre-treatment PIV ⩾310 1.80 (1.07–3.04) 0.027* 1.42 (0.60–3.35) 0.426

PIV at diagnosis ⩾310 0.90 (0.54–1.50) 0.690  

Washout period (days) 1.00 (1.00–1.00) 0.120  

Pre-treatment NLR ⩾3 2.01 (1.20–3.34) 0.007** 1.76 (0.73–4.25) 0.206

Age ⩾65 years 1.03 (0.52–2.03) 0.937  

Female 0.97 (0.53–1.76) 0.921  

CCI score 1.08 (0.97–1.21) 0.151  

Tumor size ⩾10 cm (n = 67) 0.81 (0.47–1.42) 0.467  

Location

 Uterus 1.00  

 Retroperitoneal 0.76 (0.39–1.50) 0.437  

 Extremity, H&N, superficial 1.13 (0.61–2.09) 0.706  

Histology

 Non-LMS 1.00  

 LMS 0.66 (0.40–1.10) 0.108  

Stage  

 Non-metastatic 1.00  

 Metastatic 1.49 (0.90–2.46) 0.117  

Mitosis ⩾10/10 HPF (n = 47) 5.50 (1.31–23.10) 0.020* 6.43 (1.50–27.48) 0.012*

Grade (n = 45)

 FNCLCC grade 1 1.00  

 FNCLCC grade 2 1.33 (0.37–4.84) 0.666  

 FNCLCC grade 3 2.13 (0.62–7.28) 0.230  

Frontline surgery (n = 68)

 Excision with margin negative 1.00  

 Excision with margin positive 1.31 (0.71–2.40) 0.388  

 No excision 0.92 (0.34–2.55) 0.880  

Frontline chemotherapy

 Adriamycin based 1.00  

 Gemcitabine based 0.72 (0.40–1.30) 0.273  

Line of pazopanib

 Second line 1.00  

 Beyond second line 1.09 (0.66–1.80) 0.735  

Data analysis by Cox proportional hazard model.
*p < 0.05. **p < 0.01.
CCI, Charlson comorbidity index; CI, confidence interval; FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer; H&N, head and 
neck; HPF, high power field; HR, hazard ratio; LMS, leiomyosarcoma; NLR, neutrophil-to-lymphocyte ratio; PIV, pan-immune-inflammation value.
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more sample numbers was needed to validate the 
optimal cutoff value of PIV. One notable limita-
tion of our STS cohort was the restricted sample 
size, impeding the generation of a broadly repre-
sentative cutoff value.

It was found that the high PIV group constituted 
60.0% of our cohort. There was no significant 
difference in clinical characteristics between the 

high pre-treatment PIV and low PIV groups 
(Table 1). The PIV at diagnosis showed no sig-
nificant difference between groups. To investi-
gate the correlation between pre-treatment PIV 
and PIV at diagnosis, we used the Pearson corre-
lation test to check if there was a linear correla-
tion. The results showed no linear correlation 
between pre-treatment PIV and PIV at diagnosis, 
supporting the hypothesis that the current PIV 

Figure 3. The median progression-free survival rates among patients with low pre-treatment PIV and high PIV 
were 0.75 and 0.33 years (p = 0.023).
PIV, pan-immune inflammation value.

Figure 4. The median overall survival rates among patients with low pre-treatment PIV and high PIV were 1.63 
and 0.46 years (p = 0.025).
PIV, pan-immune inflammation value.
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reflects the inflammation status at a specific time 
point (Figure 2). The median washout periods 
before pazopanib were 35 (IQR 26–63.5) days 
and 64 (IQR 15.75–330.5) days in the high pre-
treatment PIV and low PIV group. The washout 
period was deemed reasonable, as blood cell 
counts typically recover within 14–21 days follow-
ing chemotherapy. To evaluate whether the tim-
ing of pazopanib administration influenced the 
pre-treatment PIV, the cohort was divided into 
the second line and beyond the second line group. 
The median pre-treatment PIV and sample num-
bers also showed no significant difference 
(Supplemental Table 1). Our finding suggested 
that pre-treatment PIV appeared to be an inde-
pendent variable, reflecting inflammatory pres-
sure.17 This equitable distribution between 
groups minimized selection bias during subse-
quent survival analysis.

Previous investigations exploring PIV as a bio-
marker in both immunotherapy and targeted 
therapy have been conducted.12,18 Our findings 
indicated that the high pre-treatment PIV group 
exhibited a higher risk of progression and lower 
PFS under pazopanib therapy (Table 2 and 
Figure 3). These observations suggest that PIV, 
as a reflection of inflammation, could potentially 
affect pazopanib efficacy. Notably, the median 
PFS in our overall cohort (0.41 years, 4.93 months) 
aligned well with the 4.6 months observed in the 
PALETTE trial.3 The overall median OS in our 
cohort was 0.67 years (8.04 months), which was 
less than the median OS in the PALETTE trial 
experimental arm (12.5 months). Despite this dif-
ference, the real-world data from our cohort 
remained reasonable and reliable.

In terms of survival outcomes, our study revealed 
that patients with high pre-treatment PIV experi-
enced a lower OS than those with low PIV. The 
observed difference in PFS due to pazopanib use 
translated into an OS discrepancy between these 
groups (Figure 4). Other risk factors regarding 
mortality included pre-treatment NLR ⩾3 and an 
increased mitosis index. In multivariate analysis, a 
high mitosis index showed significant results and 
can therefore be considered as an independent 
risk factor (Table 3). However, limited samples 
were used in multivariate analysis (n = 47) and 
might affect the result. The METASARC cohort 
suggested that LMS histology, locoregional con-
trol, and frontline combination chemotherapy 
were all associated with better survival rates.19 In 
our cohort, a trend toward a worse outcome in 

non-LMS histology and high grades was observed. 
However, due to our small sample size (n = 75), 
these results were not statistically significant.

A previous study involving 141 recurrent or meta-
static non-round cell STS patients demonstrated 
that a pre-treatment NLR ⩾3 correlated with 
poorer outcomes in pazopanib-treated STS 
patients.7 Our study corroborated that a higher 
NLR was linked to an increased risk of progres-
sion. However, the NLR cutoff value of 3 did not 
exhibit a significant difference in PFS. This lack 
of significance might be attributed to the exclu-
sion of the well-differentiated LPS population 
and the smaller sample size used in our cohort. 
Our results also suggested that pre-treatment 
PIV, incorporating monocytes and platelets into 
the calculation, might serve as a more prominent 
biomarker.

Uncontrolled inflammation leads to carcinogen-
esis by modulating the TME, including increas-
ing secretions of pro-inflammatory cytokines and 
chemotaxis of the immune-tolerant tumor-associ-
ated macrophage (TAM).5,20 There has been 
clinical evidence showing that high inflammation 
pressure was associated with patient frailty, 
advanced disease stage, worse treatment out-
come, and poor prognosis.21–24 Previous studies 
have proposed that NLR reflects the balance of 
the immune system and systemic inflammation.25 
Neutrophil was considered to play a role in pro-
moting tumor progression, while lymphocytes act 
as a means toward elimination of tumor cells.26 
Platelets may promote tumor growth and metas-
tasis, while an elevated PLR was found to be 
related to a higher risk of lymph node and distant 
metastasis in breast cancer patients.10,27 Monocyte 
counts could reflect numbers of TAM, which 
suppress the immune response in the TME.28 
PIV cooperates with all pro-inflammatory cells 
that are taken into account with a strong biologi-
cal rationale, which may result in better risk 
stratification.17 The evaluation of TME has been 
improving with the assistance of both sequencing 
methods and spatial profiling.29,30 Further 
research was needed to determine the role of PIV 
in the tumor sample and TME. However, cut-
ting-edge techniques have yet to be widely applied 
in clinical practice. Our study utilized the periph-
eral blood PIV, rather than tumor samples, as a 
potential predictive tool for the efficacy of pazo-
panib in STS. This approach offers a faster and 
more practical method for predicting treatment 
outcomes.
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Conclusion
In summary, our study suggests that high pre-
treatment PIV levels in STS patients may indi-
cate an elevated risk of disease progression and 
mortality. In addition, high pre-treatment PIV 
is associated with a poorer PFS while undergo-
ing pazopanib treatment, ultimately leading to 
worse OS. Pre-treatment PIV serves as an indi-
cator of inflammatory stress and may function 
as a valuable biomarker for guiding treatment 
decisions in STS patients receiving pazopanib 
therapy.
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