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Simple Summary: Growing evidence indicates that blood-count-based compound scores could be
used as prognostic biomarkers in cancer as reflectors of uncontrolled inflammation in the tumor
microenvironment. Several markers have been developed in this regard, including the recent pan-
immune-inflammation value (PIV) that incorporates the levels of blood neutrophil, monocyte, platelet,
and lymphocytes. In this paper, we reviewed the association between PIV and overall survival or
progression-free survival in cancer from the published studies to date. We observed that higher PIV
levels were an adverse prognostic factor consistently across several clinical scenarios, including non-
metastatic or metastatic disease and treatment with targeted therapy or immunotherapy. In contrast,
the data were limited in patients treated with chemotherapy or patients with non-metastatic disease.
The available evidence demonstrates that PIV could be a readily available biomarker for prognosis
prediction in cancer. However, further research is needed to explore the promise of PIV as a prognostic
biomarker in cancer.

Abstract: Background: Prognostic scores derived from the blood count have garnered significant
interest as an indirect measure of the inflammatory pressure in cancer. The recently developed
pan-immune-inflammation value (PIV), an equation including the neutrophil, platelet, monocyte,
and lymphocyte levels, has been evaluated in several cohorts, although with variations in the
tumor types, disease stages, cut-offs, and treatments. Therefore, we evaluated the association
between survival and PIV in cancer, performing a systematic review and meta-analysis. Methods:
We conducted a systematic review from the Pubmed, Medline, and Embase databases to filter
the published studies until 17 May 2022. The meta-analyses were performed with the generic
inverse-variance method with a random-effects model. Results: Fifteen studies encompassing
4942 patients were included. In the pooled analysis of fifteen studies, the patients with higher
PIV levels had significantly increased risk of death than those with lower PIV levels (HR: 2.00,
95% CI: 1.51-2.64, p < 0.001) and increased risk of progression or death (HR: 1.80, 95% CI: 1.39-2.32,
p < 0.001). Analyses were consistent across several clinical scenarios, including non-metastatic or
metastatic disease, different cut-offs (500, 400, and 300), and treatment with targeted therapy or
immunotherapy (p < 0.001 for each). Conclusion: The available evidence demonstrates that PIV could
be a prognostic biomarker in cancer. However, further research is needed to explore the promise of
PIV as a prognostic biomarker in patients with non-metastatic disease or patients treated without
immunotherapy or targeted therapy.
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1. Introduction

Cancer is a global health problem and a leading cause of mortality worldwide [1,2].
Around 20 million people are diagnosed with cancer, and 10 million cancer-related deaths
are recorded yearly [3]. Additionally, the global burden of cancer morbidity is increasing
due to cancer itself and the short- and long-term toxicities of anti-cancer treatments in
cancer survivors [4,5]. Although the rate of survival has improved in the last decade due
to enhancements in novel treatment options in most cancers, the outcomes are still far
from desired. Therefore, there is an urgent need for development of biomarkers for better
treatment customization. However, the advancements in biomarker development have
significantly lagged behind the developments in the treatment field due to complexities in
tissue availability and test platforms, as well as cost issues [6-9].

Inflammation is vital for innate immunity and is required for immune surveillance and
clearance of external insults to prevent them from harming the host [10,11]. The inflammatory
response of the innate immune system constitutes the first line of defense against car-
cinogens; thus, impairments in this response could create a predisposition for cancer
development and progression [12,13]. The use of this inflammatory response for cancer
treatment was first hypothesized in the 19th century when William Coley found that induc-
ing inflammation with the inoculation of killed bacteria to the areas of sarcoma results in
tumor shrinkage in some patients [14]. Later, the discovery of intravesical Bacillus Calmette—
Guérin (BCG) for bladder cancer, which generates a local inflammatory immune reaction
in the bladder, substantially supported inducing immune activation as an anti-cancer
strategy [15]. Additionally, the increased cancer risk in patients with primary [16] and sec-
ondary immune deficiencies such as Acquired Immune Deficiency Syndrome (AIDS) [17],
and transplant recipients [18,19], further supported the importance of immune surveil-
lance in the promotion and progression of cancer and suggested the potential of immune
activation as an anti-cancer treatment strategy [16].

Notably, although inflammation is vital for cancer prevention, uncontrolled inflam-
mation could have the opposite effect on cancer development due to several mechanisms,
including DNA damage by the pro-inflammatory cytokines and chemokines and the in-
creased risk of genomic alterations and instability [20]. Additionally, chronic antigenic
stimulation due to chronic inflammation could lead to uncontrolled T stimulation and
autoimmunity. Thus, T-cells express more checkpoint inhibitors such as programmed cell
death-ligand 1 (PD-1) and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), exhibit
poor antigen response to avoid autoimmunity, and enter a quiescence state also known
as T-cell exhaustion [21]. Due to the reasons cited above (T-cell exhaustion and DNA
damage), inflammation is accepted as a hallmark of cancer and is associated with multiple
stages of cancer promotion and progression, including angiogenesis, invasion, progres-
sion, and metastasis [22]. Furthermore, in epidemiological studies, chronic inflammation
secondary to infections and autoimmune disorders is linked to several types of cancer
(e.g., Helicobacter pylori with gastric carcinoma, hepatitis B and C with hepatocellular
carcinoma, and human papillomavirus with cervical cancer, inflammatory bowel disease
with colorectal cancer (CRC)) [20].

In this long process, tumor cells express more PD-L1 and CTLA-4 and reduce the
expression of major histocompatibility complex (MHC) class I tumor-associated antigens
to become less immunogenic and hence avoid immune identification [23]. In the es-
cape phase of immunoediting, tumor cells release soluble factors, such as the enzyme in-
doleamine 2,3-dioxygenase (IDO), that promote the activity of immunosuppressive leuko-
cytes, including T regulatory (Treg) cells. Therefore, tumor cells develop the ability to
reduce or manipulate immune responses [23]. The knowledge of the interplay between
tumor and host immunity, as well as the mechanisms that regulate T-cell activity, has led
to the development of cancer immunotherapy. Treatment aims to re-invigorate exhausted
tumor-infiltrating T lymphocytes (TILs) to destroy tumor cells by reducing immune regula-
tory inhibition rather than targeting particular molecules in tumors [24]. Besides exploiting
the therapeutic role of inflammation and the immune system in cancer, the measurement



Cancers 2022, 14, 2675

30f16

of uncontrolled inflammatory pressure could be a biologically plausible biomarker in
predicting cancer prognosis and planning anti-cancer treatment. However, the optimal
measurement of this inflammatory pressure and its quantification are relatively unknown.
Recently, compound prognostic scores derived from peripheral blood count indices
have garnered significant interest as indirect measures of inflammatory pressure in can-
cer [25,26]. These scores generally involve dividing the counts of pro-inflammatory cells
such as neutrophils, platelets, and monocytes to the lymphocytes, the main drivers of anti-
cancer immunity in the tumor vicinity [27]. Several studies with neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have been conducted, and they have
consistently reported poorer survivals with higher NLR or PLRs [28-31], although these
indices (NLR and PLR) only evaluated the counts of two immune-inflammatory cells.
This issue led to the development of a novel score, the pan-immune-inflammation value
(PIV), an equation that includes the neutrophil, platelet, and monocyte levels in addition to
lymphocytes [32]. After the pilot study in CRC published by Fuca et al. in 2020 [32], several
studies on other tumors have evaluated the association between PIV levels and cancer prog-
nosis, although the tumor types, disease stages, cut-offs, methodology, and reporting varied
considerably. In the present study, we evaluated the association between survival outcomes
and PIV levels in human cancers by performing a systematic review and meta-analysis.

2. Materials and Methods
2.1. Literature Search

We conducted a systematic review following the Preferred Reporting Items for System-
atic Reviews and Meta-analysis guidance (PRISMA) [33]. This protocol was registered with
the Open Science Framework (OSF) at http:/ /doi.org/10.17605/OSFIO/ A486H (accessed
on 21 May 2022). The Web of Science, PubMed, and Embase databases were used to
systematically filter the published studies from inception to 17 May 2022 for this systemic
review. The selected MeSH search term was “pan-immune-inflammation value” to prevent
missing out on published studies with a more specific search strategy.

2.2. Inclusion and Exclusion Criteria

The included studies meet the following criteria: (1) prospective and retrospective
study to investigate the prognostic effects of PIV on patients with cancer; (2) the patients
were graded strictly according to the definition of PIV, and were grouped clearly; (3) articles
containing the hazard ratio (HR) of overall survival (OS), disease-free survival (DFS) or
progression-free survival (PFS); and (4) the full text was available in English. Meanwhile,
the exclusion criteria were as follows: (1) duplicated articles; (2) chapters of books, case
reports, editorial letters, review articles, and opinion papers; (3) animal studies; (4) studies
including patients without cancer; and (5) studies without data for HRs and confidence
intervals (ClIs).

2.3. Study Selection and Data Extraction

Our systematic search retrieved a total of 49 records. After removing the duplications
(n = 30), we screened the abstracts of the remaining 19 records and excluded 5 records
due to missing survival data (n = 1) and inclusion of patients without cancer (n = 4).
We evaluated the full texts of the remaining 14 articles and included these studies in
the meta-analyses. An additional article was found and included in the study from the
citations of the included articles. The PRISMA diagram for article selection is included in
the Supplementary Materials (Figure S1).

Two authors independently extracted the following data from the available stud-
ies (DCG, TKS) following the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [34]: lead author names, year of publication, total number of patients,
and adjusted HR with 95% ClIs for OS and DFS or PFS. Due to the definition of the same
events in different settings, we used the DFS/PFS term for the DFS or PFS events, as previ-
ously suggested [35]. The authors of three studies were contacted via mail to provide the
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HRs that were not available in the publication. Two authors (DCG and TKS) independently
reviewed and extracted the available data, and any disagreements were resolved by a
discussion with the senior author (SA). The individual study qualities and risk of bias were
evaluated independently by two authors (DCG and EE) using the Newcastle-Ottawa Scale.

2.4. Meta-Analyses

The primary objective of this study was to evaluate the association between the OS or
DFS/PFS and PIV levels in cancer. The secondary objective was to evaluate the association
between the OS or DFS/PFS according to disease stage (metastatic or non-metastatic),
treatment type (targeted therapy or immunotherapy), and PIV cut-off (300, 400, and 500).
We conducted further subgroup analyses according to treatment type due to heterogeneity
of the included studies (immunotherapy monotherapy for the immunotherapy subgroup,
and oral targeted therapy subgroup). We were unable to conduct additional subgroup
analyses in immunotherapy-immunotherapy and chemo-immunotherapy combinations
due to the lack of separate data and the presence of only one related study, respectively.

We performed the meta-analyses with the generic inverse-variance method with a
random effects model considering the high degree of heterogeneity in the analyses. We used
HRs with 95% two-sided CIs as the principal summary measure and reported the hetero-
geneity within each subgroup with I-square statistics. Moreover, we conducted additional
analyses with the fixed effects model after the exclusion of studies that caused a high
degree of heterogeneity. We conducted the meta-analyses using the Review Manager soft-
ware, version 5.4 (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen,
Denmark) and considered p values below as 0.05 statistically significant.

3. Results
3.1. The Study Characteristics

Fifteen studies encompassing 4942 patients were included in the meta-analyses [32,36—49].
The available studies were conducted on several tumors, including CRC, melanoma, breast
cancer, and non-small cell lung cancer (Table 1). Additionally, one study included a basket
cohort consisting of several types of tumors treated with immunotherapy [39]. The sample
sizes varied between 49 [43] and 1312 [47], and the PIV cut-offs ranged from 285 [41]
to 600 [37]. Median levels, receptor operating characteristics (ROC), and maximally se-
lected rank statistics were used in each of the five studies. In two studies using ROC
analyses, a significant association was not found between PIV and several outcome mea-
sures [42,43]. Most studies were focused on the prognosis in immunotherapy-treated
cohorts and metastatic disease (Table 1). One study evaluated both patients treated with
immunotherapy (nivolumab and pembrolizumab alone) and targeted therapy with BRAF
inhibitors/MEK inhibitors, and separate data for these treatment types were included in the
subgroup analyses [32]. Ten studies included Caucasian patients [32,36-43,48], while five
studies were conducted in the Far East [44-47,49]. Most studies had a low risk of bias
according to the NOS (Table 2).
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Table 1. Baseline characteristics of included studies.

PIV
Lead Author, Country Sarflple Treatment Cut-Off Cut-(?ff Tumor Tumor Adjustment Factors Outcome Additional Comments
Year Size Value Selection Type Stage
- ECOG
- Prior adjuvant treatment
- Primary tumor resected
Tribe §tudy: FOLFIRI + - Synchronous metastases PIV outperformed the other
Fuca. 2020 Bevacizumab vs. FOLFOXIRI + - Number of metastatic sites -PFS immune-inflammator
[32] ! ! Italy 438 Bevacizumab 390 MSR CRC v - Primary tumor sidedness -0S biomarkers in y
g Valentino study: mFOLFOX6 + - RAS/BRAF status . del
Panitumumab -NLR regression mode
-PLT
- Monocyte
-SII
;plflll‘r;?ll;rlnn;ib(gzh; %) -PFS Early PIV increase was
Corti, 2021, Ttaly 163 -Nivolumab (47.3%) 492 MSR CRC v - ECOG -05S independently correlated with
[38] . o - ICI regimen clinical benefit (aOR: 0.23,
- Pembrolizumab (9.8%) -CBR 95% CI 0.08-0.66, p = 0.007)
- Dostarlimab (10.4%) ° : 0o p =0
ICI:
- Nivolumab (61.3%)
- Pembrolizumab (38.7%) High PIV was associated with
- ECOG . .
TT: - M substage -PFS primary resistance to both
Fuca, 2021, - Vemurafenib (22.0%) B o, -0S targeted therapy (OR: 8.42;
[37] Ttaly 228 _Dabrafenib (2.8%) 600 MSR — Melanoma v - g{;ﬁmt‘c sites - Best 95% CI 2.50-34.5, p < 0.001)
- Vemurafenib plus - Steroids use response and ICI (OR: 3.98, 95% CI
cobimetinib (10.1%) 1.45-12.32, p = 0.005)
- Dabrafenib plus
trametinib (65.1%)
A model combining PIV,
. o RCC, - ECOG 4
Guven, 2021, - vaolgmab (78.3 /o)0 Median NSCLC, -LDH levels -PFS ECOG status, and LDH levels
Turkey 120 - Atezolizumab (17.5%) 513.4 v . . (PILE Score) was able to
[39] . o value Melanoma, - Liver metastasis -0Ss .
- Pembrolizumab (4.2%) Other - BMI categor predict 12-week PFS and
gory 24-week OS
Ligorio, 2021, Ttal 57 - Taxane-Transtuzumab 285 Median Breast v _—\Izumloelrn(if tm ettasitatlc sites __ (1;1;8 PIV outperformed MLR, PLR,
[41] ay - Pertuzumab value Cancer scera: metasiasis and NLR in predicting OS

- Brain metastasis

- Response
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Table 1. Cont.

PIV
Lead Author, Country Sarflple Treatment Cut-Off Cut-(?ff Tumor Tumor Adjustment Factors Outcome Additional Comments
Year Size Value Selection Type Stage
- Clinical T stage
E 6121;2;‘acychne plus taxane : I\N/[]Idgi -pCR Pre-treatment PIV appears to
Sahin, 2021, Turkey 743 - Anthracycline-based 306.4 ROC Breast -1V -PLR - DFS bea predlctor for pCR and
[36] . o curve Cancer survival, outperforming NLR,
regimens (27.5%) - ER status -0S MLR. PLR in predicting pCR
- Taxane-based regimens (3.9%) - Her-2 status ’ p &P
- Ki-67 index
Control group of NCT03041311 Higher PILE score was
(53 patients): carboplatin, - PFS associated with worse
Zeng, 2021, . etoposide, and atezolizumab Median Extensive -0s treatment efficacy (DCR:
[49] China >3 Validation group (84 patients): 58195 value SCLC Stage LDH - DCR 84.21% vs. 100%, p = 0.047,
- PD-1 antibody (29.8%) -DCB DCB rate: 10% vs. 48.5%,
- PD-L1 antibody (70.2%) p =0.060)
- Age A model combining PIV and
Efil, 2021, [40] Turkey 304 Adjuvant chemotherapy (52%) 491 Median CRC II-11T ) St§ o - DFS CDS8 + TIL density was able to
8 predict DFS
- Age A hich .
_CA19-9 \ 1%(. preloperatn./e PIV Wis
Sato, 2022, Japan 758 Adjuvant chemotherapy (30%) 376 ROC CRC I-II1 -CEA - RFS significantly ass'oc1ate?d wit
[44] curve -0S depth of tumor invasion and
- AGR
P . - advanced TNM stage (II, III)
- Post-operative complication
. -Age>75 -
%az?b[lglller, Germany 49 N/A 372 El?vce MCC [-1IT - Disease stage _—ggcurrence ﬁgealis;r(\:éla:tznf;t;\;ee?egr\&
T - Elevated CRP & P
SII and PIV were not
-Ni 0 significantly
~ llj\l x%lirﬂjséiiiéz 5%) - PFS associated with best response
Susok, 2022 Germany 62 - Ipilimumab (14.5%) 455 ROC " Melanoma — m-IV  N/A -DSS to ICT treatment (p = 0.87/0.64),
[42] . curve - Best PFS
- Nivolumab plus response (p=0.73/0.91), and
Ipilimumab (22.6%) P p="79/070), an .
melanoma-specific survival
(p =0.13/0.17).
Although PIV, NLR, PLR, and
SII were associated with poor
- Crizotinib (89.4%) B median OS, only higher PIV
[C_f;n’ 2022, China 94 - Alectinib (10.6%) 364 Median (?a irégr MI-IV - Liver metastasis ] (1;1;8 was independently associated

- Ceritinib (1.0%)

with poor survival outcomes
(HR =4.70, 95% Cl: 2.00-11.02,
p <0.001).
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Table 1. Cont.

PIV

Lead Author, Country Sarflple Treatment Cut-Off Cut-(?ff Tumor Tumor Adjustment Factors Outcome Additional Comments
Year Size Value Selection Type Stage
The PIV-high cases were
433 (Vali- ) . significantly associated with a
][3_,136?"’" 2022, Japan dation  N/A 164.6 ROC Esc"fi‘c"‘egreal S\ Ilj;fﬁg‘f)raitc“a’fstt}:reapy -08 low TIL status (p < 0.001) and
Cohort) & & low CD8-positive cell counts
(p =0.011)
Stage (T and N) The péoc%nos.tlc.model s}kl)glwed
. . Breast - PR status a 800 1scrlrr}1nat1r1.g ability
Lin, 2022, [47] China 1312 Adjuvant chemotherapy (81.3%) 310.2 MSR Cancer I-III -Ki-67 -0s for OS prediction, with a
- Histopathological type C-index of 0.759
P gical typ (95% CI 0.715-0.802)
S . -CEA
Perez- bz;;z;hplatm—based regumen - ECOG-PS __ ggs - Baseline PIV was not
Martelo, 2022, Spain 130 ° . . 424.05 MSR CRC v - Primary tumor location correlated either with DCR
- Non-oxaliplatin-based -DCR
[48] - Lymph node metastases -ORR or ORR

regimen (26%)

- Primary tumor resection

Abbreviations: MSR: maximally selected rank statistics; ECOG: Eastern Cooperative Oncology Group; mCRC: metastatic colorectal cancer; NLR: neutrophil-to-lymphocyte ratio;
PLR: platelet-to-lymphocyte ratio; PLT: platelet count; MONO: monocyte count; SII: systemic immune-inflammation index; PIV: Pan-Immune-Inflammation Value; OR: odds ratio;
CBR: Clinical Benefit Rate; DCR: Disease Control Rate; DCB: durable clinical benefit; DSS: disease specific survival; TIL: tumor-infiltrating lymphocytes; ROC: Receiver Operating
Characteristic; MCC: Merkel cell carcinoma; BMI: body mass index; ICI: immune checkpoint inhibitor; HR: hazard ratio; CBC: complete blood count; CRP: C-reactive protein; ER:
estrogen receptor; CEA: carcinoembriyonic antigen; TT: Targeted Therapy; PR: progesterone receptor.
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Table 2. Newcastle-Ottawa scores of included studies (Note: A star system was used for allow a
semi quantitative assessment of study quality. A study was awarded a maximum of four stars for the
selection and three stars for exposure/outcome categories. A maximum of two stars were awarded
for comparability).

Lead Author, Year Selection Comparability Exposure/Outcome  Reference
Fuca, 2020 il i * [32]
Corti, 2021 i * i [38]
Fuca, 2021 i > i [37]

Guven, 2021 Xk ** *Hx [39]
Ligorio, 2021 e = . [41]
Sahin, 2021 i * b [36]
Zeng, 2021 - - . [49]
Efil, 2021 No full-text data available [40]
Sato, 2022 i ** i [44]
Gambichler, 2022 e ** e [43]
Susok, 2022 e * ** [42]
Chen, 2022 N ** ** [45]
Baba, 2022 il i * [46]
Lin, 2022 - - . [47]
Perez-Martelo, 2022 Siiad ** id [48]

3.2. Association between OS and PIV Levels

All but two studies reported a negative effect of higher PIV levels on OS [42,43].
In the pooled analysis of 15 studies, the patients with higher PIV levels had a signifi-
cantly increased risk of death than those with lower PIV levels (HR: 2.00, 95% CI: 1.51-2.64,
p <0.001) (Figure 1a). The included studies demonstrated a high degree of heterogene-
ity (I =90%). A significant portion of heterogeneity stemmed from the study by Su-
sok et al. [42]. The heterogeneity decreased to 40% with the exclusion of this study.
We conducted a fixed-effect meta-analysis after the exclusion of this study and observed
consistent results (HR: 2.01, 95% CI: 1.70-2.38, p < 0.001) (Figure S2). Additionally,
the sensitivity analyses conducted with the subtraction of individual studies demonstrated
consistent results.

a Hazard Ratio Hazard Ratio b Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio] SE_Weight IV, Random, 95% CI _Year IV, Random, 95% CI Study or Subgroup _log[Hazard Ratio) SE_Weight IV, Random, 95% CI Year IV, Random, 95% CI
1.1.1 All Cohort 6.1.2 All Cohort
Fuca 2020 06981 01261 83%  201[1.57,257) 2020 = Fuca 2020 05068 01017 97%  1.66(1.36,2.03) 2020 -
Fuca 2021 07227 02343 7.2%  206(1.30,3.26] 2021 = Cori 2021 06471 03004 67%  191[106,344) 2021 —
Efil 2021 08862 02276 7.3%  243[1.55,3.79) 2021 —_ Fucd 2021 04447 02218 79%  185(1.01 241) 2021 =
Sisen 2021 9920 0241 TA%: 389105201 2020 . Guven 2021 02964 02188 80%  135(088,207] 2021 =
Ligorio 2021 22492 06427 32%  9.48([269,33.41) 2021 e g
Sahin 2021 04943 0226 7.3%  164[1.05 255 2021 —~— Efil 2021 08246 02111 81%  2.28[1.51,3.45) 2021 =
Zeng 2021 08582 03587 57%  236[117.476) 2021 — Sahin 2021 03711 01738  87%  1.45[1.03,2.04) 2021 =
Corti 2021 1.0986 03571 57% 3.00(1.49,6.04) 2021 —— Ligorio 2021 1.075 03768 $.6% 2.93(1.40,6.13) 2021 e
Susok 2022 0.0007 0.0005 89% 1.00(1.00,1.00] 2022 Zeng 2021 0.7687 03073 6.6% 216(1.18,3.94] 2021 =
Sato 2022 09103 02402 74%  249(1.55,3.98) 2022 —— Chen 2022 10647 02462 75%  2.90(1.79,4.70) 2022 -
Gambichler 2022 02294 04589 47%  1.26(0.51,3.09) 2022 === Sato 2022 05289 02226 79%  1.70(1.10,263) 2022 —
Lin 2022 05423 0236 72% 1.72(1.08,273) 2022 [ Susok 2022 0 00036 10.3% 1.00(0.99,1.01) 2022
Baba 2022 03148 01505 81%  1.37[1.02,1.84) 2022 I= Perez-Martelo 2022 04447 0202 83%  156(1.05232) 2022 =
29'91';:2";'0 022 0 29;’: g 2§;§ K g% ‘7222”02‘5i ‘1 gfl §2§§ o Gambichler 2022 13863 04366 4.8%  4.00(1.70,9.41) 2022 ——

hen 15476 0.4 49% 4 —— ., "
Subtotal (95% CI) 100.0% z.uo[n.si. 2.54} @& f("bwla' - CT” R ng'go'om L‘foeg;g' = *
Heterogeneity: Tau"= 0.23; ChP"= 135.36, df = 14 (P < 0.00001); F'= 80% T:;T;Z?::':":I il ('P'( 00000'1“) =12@s %P=
Testfor overall effect Z= 4.82 (P < 0.00001)
Total (95% CI) 1000% 2,00 [1.51,2.64] P’ Total (95% CI) 100.0%  1.80[1.39,2.32) *
Heterogeneity: Tau®= 0.23; Chi*= 135.36, df = 14 (P < 0.00001); P = 90% Tau®= 017, Chi*= 108.47, df=12 (P < 0.00001), F= 89%
Test for overall effect Z= 4.82 (P < 0.00001) 00 01 et High PV 10 10 Test for overall effect Z= 4.47 (P < 0.00001) LOU LowPIV HighPIV 10 190
Test for subaroup differences: Not applicable Test for subaroup differences: Not applicable

Figure 1. The association between PIV levels and OS (a) and DFS/PFS (b). Lines (O) indicate 95%
CIs. Diamond (#) indicates the pooled effect size.
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Subgroup analyses for the disease stage (non-metastatic (HR: 1.97, 95% CI: 1.58-2.45,
p < 0.001) and metastatic stage (HR: 2.21, 95% CI: 1.47-3.32, p < 0.001)) demonstrated a simi-
lar negative association between higher PIV levels and OS (Figure 2a,b). Similarly, subgroup
analyses for the treatment type (immunotherapy (HR: 2.06, 95% CI: 1.12-3.79, p = 0.020) and
targeted therapy (HR: 3.41, 95% CI: 1.96-5.92, p < 0.001)) demonstrated consistent results
(test for subgroup differences, p = 0.230) (Figure 3a,b). Furthermore, the subgroup analysis
in patients treated with immunotherapy monotherapy (HR: 2.48, 95% CI: 1.13-5.42, p = 0.020)
demonstrated a higher risk of death in patients with higher PIV levels, similar to the patients
with higher PIV levels treated with oral targeted therapy (HR: 3.64, 95% CI: 2.40-5.51, p < 0.001)
(Figure S4). The analyses according to variable PIV cut-offs demonstrated consistent results:
cut-off 500 (HR: 1.95, 1.45-2.63, p < 0.001), cut-off 400 (HR: 2.04, 95% CI: 1.67-2.50, p < 0.001),
cut-off 300 (HR: 2.04, 95 CI: 1.78-2.33, p < 0.001) (Figure 4a,b).
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Figure 2. Subgroup analyses according to disease stage in OS (a) and DFS/PFS (b). Lines (O) indicate
95% Cls. Diamond (#) indicates the pooled effect size.
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Figure 3. Subgroup analyses according to treatment type in OS (a) and DFS/PFS (b). Lines (O)
indicate 95% CIs. Diamond (#) indicates the pooled effect size.
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Figure 4. Subgroup analyses according to PIV cut-off in OS (a) and DFS/PFES (b). Lines (O) indicate
95% Cls. Diamond (4) indicates the pooled effect size.

3.3. Association between DFS/PFS and PIV Levels

Fourteen studies with available DFS/PFS data were included in the analyses [32,36-46,48,49].
All but two studies reported significantly lower DFS/PFS with higher PIV levels, while the
DFS/PFS difference did not reach statistical significance in the studies by Guven et al. and
Susok et al. [39,42]. In the pooled analysis, the patients with higher PIV levels had a signifi-
cantly increased risk of progression or death than those with lower PIV levels (HR: 1.80,
95% CI: 1.39-2.32, p < 0.001) (Figure 1b). Similar to the OS analyses, the heterogeneity
across studies significantly decreased with the exclusion of the study by Susok et al. (89%
to 28%) [42]. After the exclusion of this study, we conducted a fixed-effect meta-analysis for
PFS and observed consistent results (HR: 1.77, 95% CI: 1.57-1.98, p < 0.001) (Supplementary
Figure S3). The sensitivity analyses conducted with the subtraction of individual studies
also demonstrated consistent results.

Subgroup analyses for the disease stage (non-metastatic (HR: 1.94, 95% CI: 1.39-2.70,
p < 0.001) and metastatic stage (HR: 1.71, 95% CI: 1.27-2.30, p < 0.001)) (Figure 2a,b)
and treatment type (immunotherapy (HR: 1.63, 95% CI: 1.06-2.53, p < 0.001) and tar-
geted therapy (HR: 2.39, 95% CI: 1.64-3.50, p < 0.001)) demonstrated consistent results
(test for subgroup differences, p = 0.19) (Figure 3a,b). Similarly, the patients with higher
PIV levels treated with oral targeted therapy had increased risk of progression or death
(HR:2.92, 95% CI: 2.10-4.07, p < 0.001). By contrast, the association between PIV levels
and DFS/PFS did not reach statistical significance in the pooled analysis of two studies
(HR: 1.86, 95% CI: 0.95-3.65, p = 0.070) (Supplementary Figure S4). The analyses results
according to the PIV cut-offs were consistent: cut-off 500 (HR: 1.57, 95% CI: 1.20-2.06,
p =0.001), cut-off 400 (HR: 1.82, 95% CI: 1.47-2.24, p < 0.001), and cut-off 300 (HR: 1.78,
95% CI: 1.54-2.06, p < 0.001) (Figure 4a,b).

4. Discussion

In this study, we observed a negative association between OS or DFS/PFS and higher
PIV levels in a pooled analysis of over 4000 patients. The higher PIV level was a consistent
negative prognostic factor consistently across several clinical scenarios, including non-
metastatic or metastatic disease and treatment with targeted therapy or immunotherapy.
To our best knowledge, the present study is the first meta-analysis evaluating the association
between PIV and survival outcomes in cancer.



Cancers 2022, 14, 2675

11 of 16

Uncontrolled inflammation perpetuates the carcinogenesis via modulation of the
tumor microenvironment (TME) with the secretion of pro-inflammatory mediators (TNF-
alfa, IL-6) and angiogenesis factors, chemotaxis of immune-tolerant tumor-associated
macrophages (TAMs), and other stromal auxiliary elements [50-52]. Altogether, these factors
create an inflammatory pressure in the TME, resulting in immune exhaustion and immune
evasion [53,54]. A higher inflammatory pressure evidenced by the increased levels of pro-
inflammatory mediators, TAMs, and stromal cells in the TME is consistently correlated with
poor outcomes and treatment resistance in pathology studies from several tumors [55-58].

Although the immune and inflammatory status of the TME could be used as a reflector
of tumor behavior and patient prognosis, the need for biopsies and the use of complex plat-
forms are well-known limitations of tissue-based biomarkers [59]. Additionally, the need
for tumor- or treatment-specific development and use has reduced the interest in most
tissue-based biomarkers. Peripheral blood-based biomarkers have emerged to resolve these
limitations, and simple parameters from a complete blood count (CBC) could be used as a
biomarkers reflecting TME and tumor behavior [60,61]. The minimally invasive retrieval
and the low cost involved make CBC-based biomarkers highly attractive, and a significant
body of evidence has developed in the last decade with these biomarkers, particularly with
NLR and PLR [31,62,63].

Cancer cells and platelets have important interactions in TME and circulation [64].
It has been found that platelets may play a key role in tumor growth and metastasis via
different pathways [65]. Platelets form a thrombus with circulating tumor cells, enabling
tumor cells to evade immune system action. Furthermore, activated platelets could secrete a
variety of growth factors that aid tumor invasion and development [65]. Similar to platelets,
monocytes could be associated with cancer prognosis. Furthermore, blood monocyte counts
could reflect tumor-associated macrophages (TAM) in the TME, which are among the main
drivers of immunosuppression in the TME [66]. Specifically, M2-type macrophages derived
from monocytes affect angiogenesis, invasion, and immunosuppression via the vascular
endothelial growth factor (VEGF), tumor necrosis factor-alpha (TNF-«), and interleukin
(IL)-10, respectively [67]. Neutrophils have also been linked to tumor growth through the
generation of reactive oxygen species and the secretion of pro-tumor chemokines [68,69]
Meanwhile, lymphocytes are the primary drivers of anti-cancer immunity in the TME [70].
The PIV score has been created to incorporate several mediators in the immune system to
model and reflect the inflammatory pressure more precisely and to prevent fragmented
information regarding systemic inflammation [32]. Since all pro-inflammatory cells in
the blood count are included in the calculation, PIV has a strong biologic rationale as a
biomarker and might potentially result in better risk stratification than NLR or PLR.

The PIV score was recently developed based on the dataset of two phase-III clinical tri-
als and aimed to add on the previously used CBC-based biomarkers [32]. In the pilot study,
PIV remained a statistically significant prognostic parameter for PFS and OS in a model that
included two other CBC-based indices (NLR and systemic immune-inflammation index).
Similarly, in the study by Sahin et al. in localized breast cancer, PIV outperformed NLR,
PLR, monocyte-to-lymphocyte ratio (MLR), and the systemic immune-inflammation index,
thus underscoring the value of adding more parameters to the prognostic score to reflect
inflammatory pressure from CBC [36]. In the study of Fuca et al. in patients with colorectal
cancer (CRC), PIV score outperformed other immune-inflammatory biomarkers in the
logistic regression [32]. In addition, the PIV score could be incorporated into the compound
prognostic scores similar to Gustave Roussy and Royal Marsden scores, as suggested by
Guven et al. [39,71,72]. The authors assessed the PILE-composite score of lactate dehy-
drogenase, Eastern Cooperative Oncology Group performance status (ECOG), and PIV in
patients receiving immune checkpoint inhibitors (ICIs). They found that high PILE scores
were a risk factor for decreased OS and PFS and may be used as a biomarker for ICIs [39].
Additionally, Corti et al. have evaluated the PIV score change dynamically, and early PIV
increase from the baseline was associated with poor ICIs response and survival outcomes in
MSI-high CRC patients [38]. Their findings supported the use of PIV changes as a dynamic



Cancers 2022, 14, 2675

12 of 16

biomarker. However, Perez-Martelo observed no significant association between early PIV
changes and OS or PFS in the metastatic CRC patients treated with first-line chemotherapy,
although a statistically significant increase was observed in the PIV levels of patients with
eminent progression [48]. From a biological standpoint, the relationship between high
PIV and initial resistance to PD-1 blockade and worse prognosis is not surprising consid-
ering the origin of myeloid-derived suppressor cells (MDSCs), immune modulatory cell
populations associated with resistance to PD-1/PD-L1 inhibition, from monocytes and neu-
trophils [73]. It is suggested that identifying potentially resistant groups with higher PIV
scores may help clinicians implement earlier ICI combinations and treatment intensification
to elicit better responses [38]. Furthermore, the work by Perez-Martelo in CRC implies that
PIV monitoring might be useful in predicting disease progression earlier [48]. Whether this
earlier progression could lead to changes in clinical practice or improve outcomes should
be further investigated.

In a study with HER2 (+) advanced breast cancer patients, Ligorio et al. compared
other prognostic indices, namely PLR, MLR, and NLR, with the PIV score. A trend toward
an association with worse PFS was only observed with the PIV score as the prognostic
index in multivariate analyses [41]. Recently, Lin et al. evaluated the efficacy of PIV with
the typical TNM staging method in predicting prognosis in patients with breast cancer
and found that PIV was more accurate in predicting OS than the traditional TNM staging
system, thus emphasizing PIV’s clinical utility [47] As a result, it is considered that the PIV
formula, which uses the counts of four types of blood cells (i.e., monocytes, neutrophils,
platelets, and lymphocytes), might provide a more consistent and accurate prediction
of poor prognosis than the previously recommended indices. Further research with the
models incorporating the other CBC-based indexes with PIV is eagerly awaited to delineate
the possible superiority of PIV over other CBC-based biomarkers.

The present study is subject to several limitations inherent to the study design and
the included studies. First, we included the reported HRs from the studies instead of indi-
vidual patient data. Additionally, the included studies were heterogeneous in terms of the
included tumor types, disease stages, and treatment types, although the subgroup analyses
demonstrated a consistent trend across these clinically relevant subgroups. Lastly, several
studies included molecularly selected subsets encompassing a small percentage of patients
in the relevant tumor type (MSI-H and ALK+), which could limit the generalizability of
the results. However, despite these limitations, we provide the first meta-analysis on PIV,
a promising and minimally invasive prognostic biomarker in cancer.

5. Conclusions

In conclusion, the available evidence demonstrates that PIV could be a minimally
invasive prognostic biomarker in several cancers. However, further research is needed
to explore the promise of PIV as a prognostic biomarker in patients with non-metastatic
disease or patients treated without immunotherapy or targeted therapy.
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Author Contributions: Conceptualization: D.C.G., S.K,, T.G. and S.A.; methodology: D.C.G., TK.S.
and E.E.; writing and original draft preparation: D.C.G., SK., T.G. and S.A.; visualization: D.C.G.,S K.,
T.G.,SK., T.G. and S.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: All relevant data are included in the study and supplementary information.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/cancers14112675/s1
https://www.mdpi.com/article/10.3390/cancers14112675/s1

Cancers 2022, 14, 2675 13 of 16

References

1. Mattiuzzi, C.; Lippi, G. Current Cancer Epidemiology. |. Epidemiol. Glob. Health 2019, 9, 217-222. [CrossRef]

2. Bray, E; Laversanne, M.; Weiderpass, E.; Soerjomataram, I. The ever-increasing importance of cancer as a leading cause of
premature death worldwide. Cancer 2021, 127, 3029-3030. [CrossRef]

3. Sung, H.; Ferlay, |.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

4.  Carrera, PM,; Kantarjian, H.M.; Blinder, V.S. The financial burden and distress of patients with cancer: Understanding and
stepping-up action on the financial toxicity of cancer treatment. CA Cancer J. Clin. 2018, 68, 153-165. [CrossRef] [PubMed]

5. Miller, K.D.; Nogueira, L.; Mariotto, A.B.; Rowland, ].H.; Yabroff, KR.; Alfano, C.M.; Jemal, A.; Kramer, J.L.; Siegel, R.L. Cancer
treatment and survivorship statistics, 2019. CA Cancer J. Clin. 2019, 69, 363-385. [CrossRef]

6.  Goossens, N.; Nakagawa, S.; Sun, X.; Hoshida, Y. Cancer biomarker discovery and validation. Transl. Cancer Res. 2015, 4, 256-269.
[CrossRef] [PubMed]

7. Sauter, E.R. Reliable Biomarkers to Identify New and Recurrent Cancer. Eur. ]. Breast Health 2017, 13, 162-167. [CrossRef]

8. Guven, D.C,; Sahin, TK,; Dizdar, O.; Kilickap, S. Predictive biomarkers for immunotherapy efficacy in non-small-cell lung cancer:
Current status and future perspectives. Biomark. Med. 2020, 14, 1383-1392. [CrossRef]

9. Lei, Y; Li, X;; Huang, Q.; Zheng, X.; Liu, M. Progress and Challenges of Predictive Biomarkers for Immune Checkpoint Blockade.
Front. Oncol. 2021, 11, 609. [CrossRef]

10. Chow, M.T,; Moller, A.; Smyth, M.]. Inflammation and immune surveillance in cancer. Semin. Cancer Biol. 2012, 22, 23-32.
[CrossRef]

11. Xiao, T.S. Innate immunity and inflammation. Cell. Mol. Immunol. 2017, 14, 1-3. [CrossRef] [PubMed]

12. Pandya, PH.; Murray, M.E.; Pollok, K.E.; Renbarger, J.L. The Inmune System in Cancer Pathogenesis: Potential Therapeutic
Approaches. J. Immunol. Res. 2016, 2016, 4273943. [CrossRef] [PubMed]

13.  Gonzalez, H.; Hagerling, C.; Werb, Z. Roles of the immune system in cancer: From tumor initiation to metastatic progression.
Genes Dev. 2018, 32, 1267-1284. [CrossRef] [PubMed]

14. Coley, W.B. The treatment of inoperable sarcoma with the mixed toxins of erysipelas and bacillus prodigiosus: Immediate and
final results in one hundred and forty cases. J. Am. Med. Assoc. 1898, XXXI, 456-465. [CrossRef]

15. Lamm, D.L.; Blumenstein, B.A.; Crawford, E.D.; Montie, J.E.; Scardino, P.,; Grossman, H.B.; Stanisic, T.H.; Smith, J.A., Jr.;
Sullivan, J.; Sarosdy, M.F,; et al. A randomized trial of intravesical doxorubicin and immunotherapy with bacille Calmette-Guérin
for transitional-cell carcinoma of the bladder. N. Engl. J. Med. 1991, 325, 1205-1209. [CrossRef]

16. Mayor, P.C; Eng, K.H.; Singel, K.L.; Abrams, S.I.; Odunsi, K.; Moysich, K.B.; Fuleihan, R.; Garabedian, E.; Lugar, P.; Ochs, H.D.
Cancer in primary immunodeficiency diseases: Cancer incidence in the United States Immune Deficiency Network Registry.
J. Allergy Clin. Immunol. 2018, 141, 1028-1035. [CrossRef]

17.  Simard, E.P,; Pfeiffer, R.M.; Engels, E.A. Spectrum of cancer risk late after AIDS onset in the United States. Arch. Intern. Med.
2010, 170, 1337-1345. [CrossRef]

18. Engels, E.A,; Pfeiffer, RM.; Fraumeni, ].F,; Kasiske, B.L.; Israni, A.K.; Snyder, ].J.; Wolfe, R.A.; Goodrich, N.P.; Bayakly, A.R.;
Clarke, C.A ; et al. Spectrum of Cancer Risk among US Solid Organ Transplant Recipients. JAMA 2011, 306, 1891-1901. [CrossRef]

19. Majhail, N.S,; Brazauskas, R.; Rizzo, ].D.; Sobecks, R.M.; Wang, Z.; Horowitz, M.M.; Bolwell, B.; Wingard, ].R.; Socie, G. Secondary
solid cancers after allogeneic hematopoietic cell transplantation using busulfan-cyclophosphamide conditioning. Blood ]. Am. Soc.
Hematol. 2011, 117, 316-322. [CrossRef]

20. Singh, N; Baby, D.; Rajgury, J.P; Patil, PB.; Thakkannavar, S.S.; Pujari, V.B. Inflammation and cancer. Ann. Afr. Med. 2019, 18, 121-126.
[CrossRef]

21. Keir, M.E.; Butte, M.].; Freeman, G.J.; Sharpe, A.H. PD-1 and its ligands in tolerance and immunity. Annu. Rev. Immunol.
2008, 26, 677-704. [CrossRef] [PubMed]

22. Mantovani, A. Inflammation by remote control. Nature 2005, 435, 752-753. [CrossRef] [PubMed]

23. Mittal, D.; Gubin, M.M,; Schreiber, R.D.; Smyth, M.]. New insights into cancer immunoediting and its three component phases—
elimination, equilibrium and escape. Curr. Opin. Immunol. 2014, 27, 16-25. [CrossRef] [PubMed]

24. Leach, D.R.;; Krummel, M.F,; Allison, J.P. Enhancement of antitumor immunity by CTLA-4 blockade. Science 1996, 271, 1734-1736.
[CrossRef] [PubMed]

25. Sandfeld-Paulsen, B.; Meldgaard, P.; Sorensen, B.S.; Safwat, A.; Aggerholm-Pedersen, N. The prognostic role of inflammation-
scores on overall survival in lung cancer patients. Acta Oncol. 2019, 58, 371-376. [CrossRef]

26. Winther-Larsen, A.; Aggerholm-Pedersen, N.; Sandfeld-Paulsen, B. Inflammation-scores as prognostic markers of overall survival
in lung cancer: A register-based study of 6,210 Danish lung cancer patients. BMC Cancer 2022, 22, 63. [CrossRef]

27. Kumarasamy, C.; Tiwary, V.; Sunil, K.; Suresh, D.; Shetty, S.; Muthukaliannan, G.K.; Baxi, S.; Jayaraj, R. Prognostic Utility
of Platelet-Lymphocyte Ratio, Neutrophil-Lymphocyte Ratio and Monocyte-Lymphocyte Ratio in Head and Neck Cancers:
A Detailed PRISMA Compliant Systematic Review and Meta-Analysis. Cancers 2021, 13, 4166. [CrossRef]

28. Ventriglia, J.; Petrillo, A.; Huerta Alvaro, M.; Laterza, M.M.; Savastano, B.; Gambardella, V.; Tirino, G.; Pompella, L.; Diana, A.;

Iovino, F; et al. Neutrophil to Lymphocyte Ratio as a Predictor of Poor Prognosis in Metastatic Pancreatic Cancer Patients Treated
with Nab-Paclitaxel plus Gemcitabine: A Propensity Score Analysis. Gastroenterol. Res. Pract. 2018, 2018, 2373868. [CrossRef]


http://doi.org/10.2991/jegh.k.191008.001
http://doi.org/10.1002/cncr.33587
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.3322/caac.21443
http://www.ncbi.nlm.nih.gov/pubmed/29338071
http://doi.org/10.3322/caac.21565
http://doi.org/10.3978/j.issn.2218-676X.2015.06.04
http://www.ncbi.nlm.nih.gov/pubmed/26213686
http://doi.org/10.5152/ejbh.2017.3635
http://doi.org/10.2217/bmm-2020-0310
http://doi.org/10.3389/fonc.2021.617335
http://doi.org/10.1016/j.semcancer.2011.12.004
http://doi.org/10.1038/cmi.2016.45
http://www.ncbi.nlm.nih.gov/pubmed/27545072
http://doi.org/10.1155/2016/4273943
http://www.ncbi.nlm.nih.gov/pubmed/28116316
http://doi.org/10.1101/gad.314617.118
http://www.ncbi.nlm.nih.gov/pubmed/30275043
http://doi.org/10.1001/jama.1898.92450090022001g
http://doi.org/10.1056/NEJM199110243251703
http://doi.org/10.1016/j.jaci.2017.05.024
http://doi.org/10.1001/archinternmed.2010.253
http://doi.org/10.1001/jama.2011.1592
http://doi.org/10.1182/blood-2010-07-294629
http://doi.org/10.4103/aam.aam_56_18
http://doi.org/10.1146/annurev.immunol.26.021607.090331
http://www.ncbi.nlm.nih.gov/pubmed/18173375
http://doi.org/10.1038/435752a
http://www.ncbi.nlm.nih.gov/pubmed/15944689
http://doi.org/10.1016/j.coi.2014.01.004
http://www.ncbi.nlm.nih.gov/pubmed/24531241
http://doi.org/10.1126/science.271.5256.1734
http://www.ncbi.nlm.nih.gov/pubmed/8596936
http://doi.org/10.1080/0284186X.2018.1546057
http://doi.org/10.1186/s12885-021-09108-5
http://doi.org/10.3390/cancers13164166
http://doi.org/10.1155/2018/2373868

Cancers 2022, 14, 2675 14 of 16

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Cao, W,; Yao, X.; Cen, D.; Zhi, Y.; Zhu, N.; Xu, L. The prognostic role of platelet-to-lymphocyte ratio on overall survival in gastric
cancer: A systematic review and meta-analysis. BMC Gastroenterol. 2020, 20, 16. [CrossRef]

Zhou, Q.; Dong, J.; Sun, Q.; Lu, N.; Pan, Y.; Han, X. Role of neutrophil-to-lymphocyte ratio as a prognostic biomarker in patients
with breast cancer receiving neoadjuvant chemotherapy: A meta-analysis. BM] Open 2021, 11, e047957. [CrossRef]

Aktepe, O.H.; Giiner, G.; Gliven, D.C,; Sahin, TK,; Ardig, ES.; Yiice, D.; Yal¢in, S.; Erman, M. The platelet to lymphocyte ratio
predicts overall survival better than the neutrophil to lymphocyte ratio in metastatic renal cell carcinoma. Turk. J. Med. Sci.
2021, 51, 757-765. [CrossRef] [PubMed]

Fuca, G.; Guarini, V.; Antoniotti, C.; Morano, F., Moretto, R.; Corallo, S.; Marmorino, F.; Lonardi, S.; Rimassa, L.;
Sartore-Bianchi, A.; etal. The Pan-Immune-Inflammation Value is a new prognostic biomarker in metastatic colorectal
cancer: Results from a pooled-analysis of the Valentino and TRIBE first-line trials. Br. J. Cancer 2020, 123, 403—409. [CrossRef]
[PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef] [PubMed]

Stroup, D.F; Berlin, J.A.; Morton, S.C.; Olkin, I.; Williamson, G.D.; Rennie, D.; Moher, D.; Becker, B.J.; Sipe, T.A.; Thacker, S.B.; et al.
Meta-analysis of Observational Studies in EpidemiologyA Proposal for Reporting. JAMA 2000, 283, 2008-2012. [CrossRef]
[PubMed]

Gao, Y; Xi, H.; Wei, B.; Cui, ].; Zhang, K.; Li, H.; Cai, A; Shen, W,; Li, J.; Rosell, R; et al. Association between Liquid Biopsy and
Prognosis of Gastric Cancer Patients: A Systematic Review and Meta-Analysis. Front. Oncol. 2019, 9, 1222. [CrossRef] [PubMed]
Sahin, A.B.; Cubukcu, E.; Ocak, B.; Deligonul, A.; Oyucu Orhan, S.; Tolunay, S.; Gokgoz, M.S.; Cetintas, S.; Yarbas, G.;
Senol, K.; et al. Low pan-immune-inflammation-value predicts better chemotherapy response and survival in breast cancer
patients treated with neoadjuvant chemotherapy. Sci. Rep. 2021, 11, 14662. [CrossRef]

Fuca, G.; Beninato, T.; Bini, M.; Mazzeo, L.; Di Guardo, L.; Cimminiello, C.; Randon, G.; Apollonio, G.; Bisogno, I;
Del Vecchio, M.; et al. The Pan-Immune-Inflammation Value in Patients with Metastatic Melanoma Receiving First-Line Therapy.
Target. Oncol. 2021, 16, 529-536. [CrossRef]

Corti, F,; Lonardi, S.; Intini, R.; Salati, M.; Fenocchio, E.; Belli, C.; Borelli, B.; Brambilla, M.; Prete, A.A.; Quara, V.; et al.
The Pan-Immune-Inflammation Value in microsatellite instability-high metastatic colorectal cancer patients treated with immune
checkpoint inhibitors. Eur. J. Cancer 2021, 150, 155-167. [CrossRef]

Guven, D.C;; Yildirim, H.C,; Bilgin, E.; Aktepe, O.H.; Taban, H.; Sahin, TK.; Cakir, L.Y.; Akin, S.; Dizdar, O.; Aksoy, S.; et al.
PILE: A candidate prognostic score in cancer patients treated with immunotherapy. Clin. Transl. Oncol. 2021, 23, 1630-1636.
[CrossRef]

Efil, S.C.; Giiner, G.; Guven, D.C.; Celikten, B.; Celebiyev, E.; Taban, H.; Akyol, A.; Kilickap, S.; Yalcin, S.; Dizdar, 0. Prognostic
and predictive value of tumor-infiltrating lymphocytes in combination with systemic inflammatory markers in colon cancer.
Ann. Oncol. 2021, 32, S561. [CrossRef]

Ligorio, E; Fuca, G.; Zattarin, E.; Lobefaro, R.; Zambelli, L.; Leporati, R.; Rea, C.; Mariani, G.; Bianchi, G.V.; Capri, G.; et al.
The pan-immune-inflammation-value predicts the survival of patients with human epidermal growth factor receptor 2 (Her2)—
positive advanced breast cancer treated with first-line taxane-trastuzumab-pertuzumab. Cancers 2021, 13, 1964. [CrossRef]
[PubMed]

Susok, L.; Said, S.; Reinert, D.; Mansour, R.; Scheel, C.H.; Becker, ].C.; Gambichler, T. The pan-immune-inflammation value and
systemic immune-inflammation index in advanced melanoma patients under immunotherapy. J. Cancer Res. Clin. Oncol. 2022.
[CrossRef] [PubMed]

Gambichler, T.; Said, S.; Abu Rached, N.; Scheel, C.H.; Susok, L.; Stranzenbach, R.; Becker, J.C. Pan-immune-inflammation value
independently predicts disease recurrence in patients with Merkel cell carcinoma. . Cancer Res. Clin. Oncol. 2022. [CrossRef]
[PubMed]

Sato, S.; Shimizu, T.; Ishizuka, M.; Suda, K.; Shibuya, N.; Hachiya, H.; Iso, Y.; Takagi, K.; Aoki, T.; Kubota, K. The preoperative
pan-immune-inflammation value is a novel prognostic predictor for with stage I-III colorectal cancer patients undergoing surgery.
Surg. Today 2022. [CrossRef]

Chen, X; Hong, X.; Chen, G.; Xue, ].; Huang, ].; Wang, F.; Ali, W.; Li, J.; Zhang, L. The Pan-Immune-Inflammation Value predicts
the survival of patients with anaplastic lymphoma kinase-positive non-small cell lung cancer treated with first-line ALK inhibitor.
Transl. Oncol. 2022, 17, 101338. [CrossRef]

Baba, Y.; Nakagawa, S.; Toihata, T.; Harada, K.; Iwatsuki, M.; Hayashi, H.; Miyamoto, Y.; Yoshida, N.; Baba, H. Pan-immune-
inflammation Value and Prognosis in Patients With Esophageal Cancer. Ann. Surg. Open 2022, 3, 113. [CrossRef]

Lin, F; Zhang, L.P; Xie, S.Y.; Huang, H.Y.; Chen, X.Y,; Jiang, T.C.; Guo, L.; Lin, H.X. Pan-Immune-Inflammation Value: A New
Prognostic Index in Operative Breast Cancer. Front. Oncol. 2022, 12, 830138. [CrossRef]

Pérez-Martelo, M.; Gonzélez-Garcia, A.; Vidal-Insua, Y.; Blanco-Freire, C.; Brozos-Vazquez, E.M.; Abdulkader-Nallib, I.;
Alvarez-Fernandez, J.; Lazare-Iglesias, H.; Garcia-Martinez, C.; Betancor, Y.Z.; et al. Clinical significance of baseline Pan-
Immune-Inflammation Value and its dynamics in metastatic colorectal cancer patients under first-line chemotherapy. Sci. Rep.
2022, 12, 6893. [CrossRef]


http://doi.org/10.1186/s12876-020-1167-x
http://doi.org/10.1136/bmjopen-2020-047957
http://doi.org/10.3906/sag-2009-75
http://www.ncbi.nlm.nih.gov/pubmed/33350295
http://doi.org/10.1038/s41416-020-0894-7
http://www.ncbi.nlm.nih.gov/pubmed/32424148
http://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
http://doi.org/10.1001/jama.283.15.2008
http://www.ncbi.nlm.nih.gov/pubmed/10789670
http://doi.org/10.3389/fonc.2019.01222
http://www.ncbi.nlm.nih.gov/pubmed/31850190
http://doi.org/10.1038/s41598-021-94184-7
http://doi.org/10.1007/s11523-021-00819-0
http://doi.org/10.1016/j.ejca.2021.03.043
http://doi.org/10.1007/s12094-021-02560-6
http://doi.org/10.1016/j.annonc.2021.08.977
http://doi.org/10.3390/cancers13081964
http://www.ncbi.nlm.nih.gov/pubmed/33921727
http://doi.org/10.1007/s00432-021-03878-y
http://www.ncbi.nlm.nih.gov/pubmed/35006344
http://doi.org/10.1007/s00432-022-03929-y
http://www.ncbi.nlm.nih.gov/pubmed/35098389
http://doi.org/10.1007/s00595-021-02448-6
http://doi.org/10.1016/j.tranon.2021.101338
http://doi.org/10.1097/AS9.0000000000000113
http://doi.org/10.3389/fonc.2022.830138
http://doi.org/10.1038/s41598-022-10884-8

Cancers 2022, 14, 2675 150f 16

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Zeng, R; Liu, F; Fang, C; Yang, J.; Luo, L.; Yue, P; Gao, B.; Dong, Y.; Xiang, Y. PIV and PILE Score at Baseline Predict Clinical
Outcome of Anti-PD-1/PD-L1 Inhibitor Combined With Chemotherapy in Extensive-Stage Small Cell Lung Cancer Patients.
Front. Immunol. 2021, 12, 724443. [CrossRef]

Fisher, D.T.; Appenheimer, M.M.; Evans, S.S. The two faces of IL-6 in the tumor microenvironment. Semin. Immunol.
2014, 26, 38-47. [CrossRef]

Aguilar-Cazares, D.; Chavez-Dominguez, R.; Carlos-Reyes, A.; Lopez-Camarillo, C.; Hernadez de la Cruz, O.N.; Lopez-Gonzalez, |.S.
Contribution of Angiogenesis to Inflammation and Cancer. Front. Oncol. 2019, 9, 1399. [CrossRef] [PubMed]

Basheer, A.S.; Abas, F; Othman, I.; Naidu, R. Role of Inflammatory Mediators, Macrophages, and Neutrophils in Glioma
Maintenance and Progression: Mechanistic Understanding and Potential Therapeutic Applications. Cancers 2021, 13, 4226.
[CrossRef] [PubMed]

Greten, ER.; Grivennikov, S.I. Inflammation and Cancer: Triggers, Mechanisms, and Consequences. Immunity 2019, 51, 27-41.
[CrossRef] [PubMed]

Pérez-Romero, K.; Rodriguez, R.M.; Amedei, A.; Barcel6-Coblijn, G.; Lopez, D.H. Inmune Landscape in Tumor Microenvironment:
Implications for Biomarker Development and Immunotherapy. Int. J. Mol. Sci. 2020, 21, 5521. [CrossRef]

Mwafy, S.E.; El-Guindy, D.M. Pathologic assessment of tumor-associated macrophages and their histologic localization in invasive
breast carcinoma. J. Egypt. Natl. Cancer Inst. 2020, 32, 6. [CrossRef]

Hu, C;; Liu, C; Tian, S.; Wang, Y.; Shen, R.; Rao, H.; Li, J.; Yang, X.; Chen, B.; Ye, L. Comprehensive analysis of prognostic tumor
microenvironment-related genes in osteosarcoma patients. BMC Cancer 2020, 20, 814. [CrossRef]

Ye, J.H.; Wang, X.H.; Shi, J.J.; Yin, X.; Chen, C.; Chen, Y.; Wu, H.Y,; Jiong, S.; Sun, Q.; Zhang, M.; et al. Tumor-associated
macrophages are associated with response to neoadjuvant chemotherapy and poor outcomes in patients with triple-negative
breast cancer. . Cancer 2021, 12, 2886-2892. [CrossRef]

Ali, S.; Borin, T.F; Piranlioglu, R.; Ara, R.; Lebedyeva, I.; Angara, K.; Achyut, B.R.; Arbab, A.S.; Rashid, M.H. Changes in the
tumor microenvironment and outcome for TME-targeting therapy in glioblastoma: A pilot study. PLoS ONE 2021, 16, 0246646.
[CrossRef] [PubMed]

Marrugo-Ramirez, J.; Mir, M.; Samitier, J. Blood-Based Cancer Biomarkers in Liquid Biopsy: A Promising Non-Invasive Alternative
to Tissue Biopsy. Int. |. Mol. Sci. 2018, 19, 2877. [CrossRef]

Shoji, F.; Kozuma, Y.; Toyokawa, G.; Yamazaki, K.; Takeo, S. Complete Blood Cell Count-Derived Inflammatory Biomarkers in
Early-Stage Non-Small-Cell Lung Cancer. Ann. Thorac. Cardiovasc. Surg. 2020, 26, 248-255. [CrossRef]

Lin, ].X;; Lin, ].P; Xie, ] W.; Wang, ].B.; Lu, J.; Chen, Q.Y,; Cao, L.L.; Lin, M,; Tu, R.; Zheng, C.H.; et al. Complete blood count-based
inflammatory score (CBCS) is a novel prognostic marker for gastric cancer patients after curative resection. BMC Cancer 2020, 20, 11.
[CrossRef] [PubMed]

Wang, X.; Ni, X,; Tang, G. Prognostic Role of Platelet-to-Lymphocyte Ratio in Patients With Bladder Cancer: A Meta-Analysis.
Front. Oncol. 2019, 9, 757. [CrossRef] [PubMed]

Jin, J.; Yang, L.; Liu, D.; Li, W. Association of the neutrophil to lymphocyte ratio and clinical outcomes in patients with lung
cancer receiving immunotherapy: A meta-analysis. BMJ Open 2020, 10, 035031. [CrossRef] [PubMed]

Stone, R.L.; Nick, A.M.; McNeish, L.A.; Balkwill, F; Han, H.D.; Bottsford-Miller, J.; Rupairmoole, R.; Armaiz-Pena, G.N;
Pecot, C.V,; Coward, J.; et al. Paraneoplastic thrombocytosis in ovarian cancer. N. Engl. ]. Med. 2012, 366, 610-618. [CrossRef]
[PubMed]

Haemmerle, M.; Taylor, M.L.; Gutschner, T.; Pradeep, S.; Cho, M.S.; Sheng, J.; Lyons, Y.M.; Nagaraja, A.S.; Dood, R.L.; Wen, Y.; et al.
Platelets reduce anoikis and promote metastasis by activating YAP1 signaling. Nat. Commun. 2017, 8, 310. [CrossRef]

Petty, A.].; Yang, Y. Tumor-associated macrophages: Implications in cancer immunotherapy. Immunotherapy 2017, 9, 289-302.
[CrossRef] [PubMed]

Shibutani, M.; Maeda, K.; Nagahara, H.; Fukuoka, T.; Nakao, S.; Matsutani, S.; Hirakawa, K.; Ohira, M. The peripheral monocyte
count is associated with the density of tumor-associated macrophages in the tumor microenvironment of colorectal cancer:
A retrospective study. BMC Cancer 2017, 17, 404. [CrossRef] [PubMed]

Dumitru, C.A.; Lang, S.; Brandau, S. Modulation of neutrophil granulocytes in the tumor microenvironment: Mechanisms and
consequences for tumor progression. Semin. Cancer Biol. 2013, 23, 141-148. [CrossRef]

Deryugina, E.I; Zajac, E.; Juncker-Jensen, A.; Kupriyanova, T.A.; Welter, L.; Quigley, ].P. Tissue-Infiltrating Neutrophils Constitute
the Major In Vivo Source of Angiogenesis-Inducing MMP-9 in the Tumor Microenvironment. Neoplasia 2014, 16, 771-788.
[CrossRef]

Galli, F; Aguilera, ].V,; Palermo, B.; Markovic, S.N.; Nistico, P.; Signore, A. Relevance of immune cell and tumor microenvironment
imaging in the new era of immunotherapy. J. Exp. Clin. Cancer Res. 2020, 39, 89. [CrossRef]

Bigot, F.; Castanon, E.; Baldini, C.; Hollebecque, A.; Carmona, A.; Postel-Vinay, S.; Angevin, E.; Armand, J.P; Ribrag, V.;
Aspeslagh, S.; et al. Prospective validation of a prognostic score for patients in immunotherapy phase I trials: The Gustave Roussy
Immune Score (GRIm-Score). Eur. J. Cancer 2017, 84, 212-218. [CrossRef] [PubMed]


http://doi.org/10.3389/fimmu.2021.724443
http://doi.org/10.1016/j.smim.2014.01.008
http://doi.org/10.3389/fonc.2019.01399
http://www.ncbi.nlm.nih.gov/pubmed/31921656
http://doi.org/10.3390/cancers13164226
http://www.ncbi.nlm.nih.gov/pubmed/34439380
http://doi.org/10.1016/j.immuni.2019.06.025
http://www.ncbi.nlm.nih.gov/pubmed/31315034
http://doi.org/10.3390/ijms21155521
http://doi.org/10.1186/s43046-020-0018-8
http://doi.org/10.1186/s12885-020-07216-2
http://doi.org/10.7150/jca.47566
http://doi.org/10.1371/journal.pone.0246646
http://www.ncbi.nlm.nih.gov/pubmed/33544755
http://doi.org/10.3390/ijms19102877
http://doi.org/10.5761/atcs.oa.19-00315
http://doi.org/10.1186/s12885-019-6466-7
http://www.ncbi.nlm.nih.gov/pubmed/31906893
http://doi.org/10.3389/fonc.2019.00757
http://www.ncbi.nlm.nih.gov/pubmed/31475109
http://doi.org/10.1136/bmjopen-2019-035031
http://www.ncbi.nlm.nih.gov/pubmed/32499266
http://doi.org/10.1056/NEJMoa1110352
http://www.ncbi.nlm.nih.gov/pubmed/22335738
http://doi.org/10.1038/s41467-017-00411-z
http://doi.org/10.2217/imt-2016-0135
http://www.ncbi.nlm.nih.gov/pubmed/28231720
http://doi.org/10.1186/s12885-017-3395-1
http://www.ncbi.nlm.nih.gov/pubmed/28583114
http://doi.org/10.1016/j.semcancer.2013.02.005
http://doi.org/10.1016/j.neo.2014.08.013
http://doi.org/10.1186/s13046-020-01586-y
http://doi.org/10.1016/j.ejca.2017.07.027
http://www.ncbi.nlm.nih.gov/pubmed/28826074

Cancers 2022, 14, 2675 16 of 16

72.

73.

Garrido-Laguna, L; Janku, E; Vaklavas, C.; Falchook, G.S.; Fu, S.; Hong, D.S.; Naing, A.; Tsimberidou, A.M.; Wen, S.; Kurzrock, R.
Validation of the Royal Marsden Hospital prognostic score in patients treated in the Phase I Clinical Trials Program at the MD
Anderson Cancer Center. Cancer 2012, 118, 1422-1428. [CrossRef] [PubMed]

Huber, V.; Vallacchi, V.; Fleming, V.; Hu, X.; Cova, A.; Dugo, M.; Shahaj, E.; Sulsenti, R.; Vergani, E.; Filipazzi, P. Tumor-derived
microRNAs induce myeloid suppressor cells and predict immunotherapy resistance in melanoma. J. Clin. Investig.
2018, 128, 5505-5516. [CrossRef] [PubMed]


http://doi.org/10.1002/cncr.26413
http://www.ncbi.nlm.nih.gov/pubmed/21823111
http://doi.org/10.1172/JCI98060
http://www.ncbi.nlm.nih.gov/pubmed/30260323

	Introduction 
	Materials and Methods 
	Literature Search 
	Inclusion and Exclusion Criteria 
	Study Selection and Data Extraction 
	Meta-Analyses 

	Results 
	The Study Characteristics 
	Association between OS and PIV Levels 
	Association between DFS/PFS and PIV Levels 

	Discussion 
	Conclusions 
	References

