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Introduction

The majority (80–85%) of patients with non-small cell lung 
cancer (NSCLC), the predominant form of lung cancer, 
present with locally advanced or metastatic disease at 
diagnosis (1,2). Even though earlier diagnosis with increased 
low-dose CT screening by the National Lung Screening 
Trial has lowered mortality rates by 20% (3), 5-year survival 
rates remain low for stage I at 77–92%, stage II at 53–60%, 
and stage III at 13–36% (4). Overall 5-year survival rate for 
NSCLC is <21% in the US (5).

Recurrence even after curative-intent surgery, the 
current standard of care, is at 24% in stage 1 NSCLC 
and 50% overall (2,4). Even with the advent of adjuvant 
chemotherapy and stereotactic radiotherapy, there remains 
a crucial need for a more robust understanding of the 
immune response in lung cancer in order to develop 
well-targeted immunotherapeutic strategies and improve 
patient outcomes. While the tumor-associated immune 
response plays an important role in tumor progression and 
aggressiveness (6), this response often extends beyond the 
tumor microenvironment into the peripheral blood (7) and 
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is responsible for systemic symptoms common in cancer 
patients. Measuring immune markers in peripheral blood 
provides an opportunity to study the systemic inflammatory 
state in response to cancer as well as provide prognostic 
information without the need to access the tumor 
microenvironment.

Since lung cancer is a heterogeneous disease, there exists 
a possibility for a mosaic of cellular profiles to exist inside 
the primary tumor of a single patient. Further, metastases 
may be dominated by a distinct clonal subtype of the 
primary tumor; multiple organ systems have the potential to 
be affected by cells with distinct molecular characteristics. 
Therefore, there is an added utility in examining factors 
present in peripheral blood as they may accurately represent 
the molecular profile of the metastatic disease when 
compared to the cellular environment found from primary 
tumor sampling. As well, the biomarkers examined may 
be collected from routine blood draws, making them an 
attractive option due to their less invasive and inexpensive 
nature.

In this review, we have synthesized findings from 
published studies on (I) the involvement of peripheral 
blood in the complete immune response to NSCLC and 
(II) identified prognostic peripheral immune markers in the 
peripheral blood of early-stage NSCLC. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://amj.amegroups.com/
article/view/10.21037/amj-20-122/rc).

Methods

A literature search was performed using PubMed/
Medline. Search criteria included human studies conducted 
between January 2000 to May 2020, and articles written 
in English. Initial search terms included peripheral blood 
biomarkers, prognostic, NSCLC. More targeted searches 
were conducted based on the results of our initial inquiry, 
including immune cell, lymphocyte response, cytokines, etc. 
Additional studies were identified based on reference lists of 
the studies examined.

Immune cells in peripheral blood

T lymphocytes

CD3+/CD4+ “helper” and CD8+ “cytotoxic” T cells play 
an important role in both identifying cancer cells and 
carrying out immune-mediated cell death. In the tumor 
microenvironment, it has been demonstrated that high 

CD3+ and CD8+ tumor infiltrating lymphocytes were 
associated with longer survival in NSCLC patients (8).

While patients could benefit from increased lymphocyte-
mediated cell death in the tumor microenvironment, it is 
less certain whether peripheral lymphocyte activity plays a 
role in the early stages of cancer as part of the peripheral 
immune response. However, peripheral helper and 
cytotoxic T cells may augment the activity of the tumor 
microenvironment through cytokine signaling. Cytokines 
produced by T cells such as IL-1, IL-6, and TNF-alpha 
have been implicated as prognostic serum biomarkers for 
NSCLC (9).

Kobayashi and colleagues found that low peripheral 
lymphocyte count was an indicator of poor prognosis for 
NSCLC (10), most probably due to overexpression of 
Tregs in the peripheral blood. They examined 237 patients 
with node-negative NSCLC and found lymphopenia to 
be associated with poor prognosis (HR =3.84, 95% CI: 
1.83–8.08, P<0.001) and recurrence of tumor (P=0.01). 
Higher levels of peripheral helper and cytotoxic T cells 
could minimize the effects of T cell exhaustion, where 
individual T cells undergo progressive dysfunction in the 
setting of a chronic inflammatory state caused by cancer. 
Reuben and colleagues demonstrate this by comparing 
T cell density in peripheral blood, tumor adjacent lung 
and tumor microenvironment in early-stage NSCLC  
patients (11). High T cell density in peripheral blood was 
associated with longer overall survival (OS) (HR =0.38–
0.98, P=0.04), while high T cell density in tumor adjacent 
lung tissue was associated with shorter OS (HR =1.09–2.14, 
P=0.01) due to potential T cell exhaustion. This finding 
suggests that higher T cell density in peripheral blood could 
replace dysfunctional T cells near the tumor and ensure 
continuous immune response.

In contrast, high peripheral total lymphocyte count 
has also been found to be an independent predictor for 
increased recurrence. Sulibhavi and colleagues performed a 
retrospective review on 103 patients undergoing surgery for 
stage I NSCLC and found a 5-year recurrence-free survival 
(RFS) of 70% in patients with lymphocytosis vs. 96% 
in patients with low lymphocytes (P=0.003) (12). These 
contradictory findings can best be explained by the lack of 
differentiation between pro-tumor and anti-tumor subtypes 
of T cells when investigating this relationship. Peripheral 
T cell levels during tumor immune response may have a 
downstream effect on regulatory T cell overexpression 
as well as a direct contribution to immune activity in the 
tumor microenvironment.

https://amj.amegroups.com/article/view/10.21037/amj-20-122/rc
https://amj.amegroups.com/article/view/10.21037/amj-20-122/rc
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T-regulatory cells

Regulatory T cells, known as Tregs, are a subset of T 
cells known for their role in immune surveillance and 
immunosuppression. They primarily act by downregulating 
induction and proliferation of CD4+ and CD8+ T cells 
via production of inhibitory cytokines such as TGF-β, 
IL-35, and IL-10. In addition, Treg activity correlates 
with  cyclooxygenase-2 express ion and increased 
tumor recurrence (13). Previous studies have found an 
association between increased CD4+CD25+ Tregs and 
immunosuppression as well as tumor progression in 
NSCLC, suggesting that Tregs may contribute to immune 
dysfunction in cancer patients (14). Increased numbers of 
CD4+CD25+FOXP3+ Tregs were found in the peripheral 
blood of stage I NSCLC patients (15,16). When co-
cultured with activated CD4+ T cells, Treg proliferation 
and cytokine secretion were potently suppressed (15). As 
NSCLC progresses in stage, there is a significant increase 
in CD4+CD25+FOXP3+ Tregs (16). However, Meloni and 
colleagues found no significant increase in CD4+CD25+ 
Tregs in subsequent cancer stages after an initial increase 
from control to stage I (17). The initial increase in 
Tregs in NSCLC may have functional significance 
in immunosuppression since it resulted in decreased 
proliferation of CD4+ T cells compared to healthy  
controls (17). The association of increased peripheral blood 
CD4+CD25+FOXP3+ Tregs with advancing tumor stage and 
low CD4+ T cell count in stage I implies a significant role 
for Treg in the peripheral immune response of NSCLC.

Natural killer (NK) cells

NK cells are important players in the innate immune 
response by recognizing foreign or abnormal host cells 
lacking surface major histocompatibility complex class I 
(MHC-I). There are two major subtypes of NK cells: (I) 
CD56dim CD16+ NK cells are the most prevalent in blood 
and are known for their cytotoxicity and (II) CD56dim 
CD16– NK cells, on the other hand, regulate the immune 
response by secreting cytokines including IFN-gamma (18). 
NK cells have a fundamental role in tumor surveillance 
and in modulating the adaptive anti-tumor response by 
recognizing common ligands with the natural cytotoxicity-
triggering receptors (NCRs). Picard and colleagues 
investigating the role of NK cells in NSCLC have indicated 
that CD56dim CD16+ NK cells are present at lower serum 
levels whereas CD56dim CD16– NK cells are at higher 

levels compared to healthy controls (18). Higher CD56dim 
CD16– NK cells correlated with significantly higher 
expression of two angiogenic markers, vascular endothelial 
growth factor (VEGF) and placental growth factor  
(PlGF) (19). Moreover, a significant downregulation of the 
NKp46, a major NCR, was reported in NSCLC patients 
and in other cancers (18). These results are supported by 
an in vitro study that found a consistent decrease in NK 
cytotoxicity in NSCLC sera that was further exacerbated 
by chemotherapeutic treatment (20). NSCLC patients also 
exhibited higher serum levels of soluble human leukocyte 
antigen class I (sHLA-I) and G (sHLA-G), well-known 
immunosuppressors. Increased sHLA-I and sHLA-G levels 
were correlated with significantly poor prognosis, tumor 
progression and shorter survival (21).

Myeloid-derived suppressor cells (MDSCs)

MDSCs, commonly defined as granulocytic (CD14– 
CD11b+) or monocytic (Mo) (CD14+HLA-DR–/low) 
populations in humans, are a heterogeneous cell population 
known to have effects in both suppression of adaptive 
immunity and regulation of innate immunity via cytokine 
production of macrophages (22). In pathological stress 
such as cancer, the population of immature myeloid cells 
(IMCs) expands due to release from bone marrow prior to 
maturation and a partial block of the normal differentiation 
into mature myeloid cells (23). This upregulation of IMCs 
can lead to the increased expression of immune suppressive 
factors such as arginase 1, inducible nitric oxide synthase 
(NOS) as well as an increase in production of nitric oxide 
(NO) and reactive oxygen species (ROS).

Studies have demonstrated the increased presence of 
MDSCs in peripheral blood of patients with NSCLC (24), 
particularly those that express the following phenotypes: 
CD34+, CD33+, CD15–, and CD13+. Previous studies have 
shown that increased numbers of IMCs can play a role 
in suppressing antitumor responses as well as strongly 
inhibiting proliferation of CD4+ and CD8+ T cells (25), 
particularly in late-stage cancers (23,26). This relationship 
seems to hold true even in early-stage NSCLC as 
characterized by a 2012 peripheral blood monocyte (PBMC) 
gene expression study that found expression of 21 myeloid-
specific genes to be negatively associated with survival (7).

B o t h  M D S C  s u b t y p e s ,  c i r c u l a t i n g  C C R 5 +  
Mo-MDSC (27) and total polymorphonuclear (PMN)-
MDSCs (23,27), have been found to be significantly 
increased in resectable NSCLC compared to healthy 
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controls, which correlated with reduced RFS. Of note, 
squamous cell carcinoma has been associated with higher 
levels of PMN-MDSCs than adenocarcinoma (27). With 
tumor progression and advancement of stage, the amount of 
circulating PMN-MDSCs is expected to increase.

In 2016, Pogoda and colleagues were the first to 
examine the distribution of Mo-MDSCs and monocytes/
macrophages across various sampling locations of NSCLC 
patients (28). Mo-MDSCs were found to be of higher 
prevalence in the peripheral blood of NSCLC and 
concurrently found a higher prevalence of monocytes/
macrophages in the lymph nodes and tumor tissues (27,28). 
Mo-MDSCs in the peripheral blood also expressed higher 
levels of immunosuppressive cytokines (TGF-β, IL-
1β, and TNF) than those found in the tumor or nodal 
environment. These findings are consistent with the notion 
that Mo-MDSCs generally promote tumor growth through 
their immunosuppressive activity and that they may 
differentiate into monocytes/macrophages in the tumor 
microenvironment.

Cytokines

Numerous cytokines such as IL-4, IL-6, IL-10, IL-
13 and TGF-β have been extensively studied for their 
immunosuppressive role in oncogenesis and tumor 
progression. They generally act by directly or indirectly 
inhibiting a broad array of immune functions, such as 
cytotoxic T-cell activation, pro-inflammatory cytokine (i.e., 
IL-1, IL-6, IFN-Y) secretion, antigen presentation and NK 
cell modulation.

Treg promoters: TGF-β, IL-10

Moreover, TGF-β and IL-10 are known Treg activators. 
Recently, various studies have reported elevated serum 
levels of these immunosuppressive regulators in NSCLC 
patients and proposed their potential prognostic utilization 
as tumor biomarkers. IL-10 levels were demonstrated to 
be overexpressed in NSCLC patient sera compared to 
healthy controls and associated with stage progression and 
inadequate response to treatment (29). A possible mode 
of action driving reduced survival in NSCLC patients 
overexpressing IL-10 has been linked to the IL-10 mediated 
suppression of pro-inflammatory cytokine IL-2 (30). Not 
surprisingly, IL-10 has been implicated as a potentially 
significant prognostic biomarker both individually and 
together with other serum tumor markers, including IL-6, 

MCP-1, CEA, CA125, ProGRP (31-33). Similarly, TGF-β 
has also been found at significantly high serum levels in 
both lung cancer patients and patients at risk for lung cancer 
(34,35). Its overexpression was correlated with progression, 
metastasis and poorer prognosis and thus was recommended 
as a possible biomarker for NSCLC oncogenesis (36). 
Aside from promoting Treg de-novo differentiation and 
suppressing cytotoxic T cell differentiation, TGF-β 
may act in concert with COX-2/PGE2 to convert 
naturally occurring immunostimulatory CD4+T cells into 
immunosuppressive CD4+CD25brightFOXP3+ T-regs in 
lung cancer patients. This may offer an explanation for 
both the high serum levels of TGF-β, COX-2, PGE2 and 
CD4+CD25brightFOXP3+ T-regs found in NSCLC and the 
inadequacy of T-reg depletion as a sufficient therapeutic 
strategy (37).

IL-17A

IL-17A is a unique pro-inflammatory cytokine due to its 
dual and paradoxical involvement in tumor management. 
It is secreted mainly by CD4+ Th17 cells, CD8+ T cells 
and macrophages and it acts by enhancing the cytotoxic 
T-cell mediated anti-tumor response and by stimulating 
vascular endothelial cell migration, angiogenesis and tumor 
progression (38). Significantly higher IL-17A serum levels 
have been widely reported in NSCLC patients and have 
been correlated with smoking status, increased lymph node 
invasion and metastatic disease (39,40). More specifically, 
high serum IL-17A levels in NSCLC is positively correlated 
with VEGF levels, suggesting a possible axis for promoting 
angiogenesis (41). Overall, several meta-analyses have 
concluded that high IL-17A serum levels lead to poorer 
prognosis in NSCLC patients (42-44).

IL-6: promoter of myeloid differentiation

Multiple studies have found IL-6 to be at elevated serum 
levels in advanced lung cancer, particularly in squamous cell 
and large cell carcinomas (45-47). Martín and colleagues 
found serum IL-6 levels over 130 to have a poor prognosis 
with a median survival of only 48 days (P=0.002) (46). 
Serum levels also trended higher with malnutrition 
and stage advancement in patients with more extensive 
disease. As a known acute phase reactant and promoter 
of myeloid differentiation, IL-6 has been observed to 
have a close relationship with other markers for the 
acute phase response such as ESR, CRP, ferritin, and a-1  
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antitrypsin (46). While its utility as a biomarker for survival 
in advanced stages is more understood, its role in early-
stage cancers is understudied. Kaminska and colleagues 
found IL-6 to be an independent prognostic factor for only 
the initial 3 years of observation, but not for the complete 
follow-up period of 6 years (48).

Peripheral blood biomarkers

Prognostic nutritional index (PNI)

PNI, calculated from the serum albumin level and total 
lymphocyte count in a sample of peripheral blood, is a 
widely used index of patient nutritional and immunological 
status and was initially used to evaluate operative risk in 
gastrointestinal surgical patients (49). Subsequent literature 
has shown PNI to be a reliable predictor for both acute 
postoperative complications as well as survival outcomes in 
various solid tumors, particularly NSCLC (Table 1).

Li and colleagues performed a meta-analysis of ten 
studies published between 2015–2017 including 5,085 
patients (50). They found that a low PNI was highly 
correlated with poor prognosis in early-stage NSCLC 
patients (HR =1.96, 95% CI: 1.44–2.67, P=0.01). Most 
studies included in the analysis were from Asian populations. 
They also found tumor histology to be predictive of low 
PNI; patients with adenocarcinoma were significantly less 
likely to have low PNI (HR =0.59, 95% CI: 0.47–0.74). 
These findings generally agree with other meta-analyses 

showing that a low PNI is predictive of poor prognosis in 
colorectal and gastric cancers (55,56). In a retrospective 
study of 138 patients, Kos and colleagues found a PNI 
below 49.5 to predict poor prognosis in NSCLC, 
calculating a median OS of only 7.0 months in low PNI 
patients compared to 33.0 months in high PNI patients 
(P<0.001) (51). In addition, Okada and colleagues found 
low PNI to be correlated with postoperative complications 
(P=0.042) as well as poor survival (HR =2.18, 95% CI: 
1.08–4.21, P=0.031) by multivariate analysis in their 
cohort of 248 patients with resected NSCLC (52). These 
findings agree with a study done by Qiu and colleagues who 
retrospectively studied 1416 patients undergoing radical 
surgery (53). They found a low PNI to be a significant 
prognostic factor in NSCLC; patients with a PNI below 
52 had 1-, 3-, and 5-year survival rates of 80%, 61%, and 
50%, respectively, compared to 85%, 72%, and 60% in 
patients with a PNI above 52 (P<0.001). Furthermore, Shoji 
and colleagues studied a cohort of 141 consecutive stage 
I NSCLC patients and found that a low PNI predicted 
recurrence (P<0.001) (54).

Neutrophil: lymphocyte ratio (NLR)

The NLR is known to be an indicator for systemic 
inflammatory responses which play an important role 
in the proliferation, angiogenesis, and progression of 
tumor cells (57). Under pathologic stress, there may be an 
increase in the number of neutrophils and a simultaneous 

Table 1 Summary of large published series investigating the prognostic significance of PNI in early-stage NSCLC

Role Author No. points Stage (%) Pathology (%) End points Outcome

PNI Li et al., 2018 (50)* 5,085 I–IV – OS Low PNI correlated with poor prognosis 
in early-stage NSCLC. Adenocarcinoma 
was less likely to have low PNI

Kos et al., 2015 (51) 138 I–III: 64 Adeno: 57;  
SC: 53; other: 28

OS Low PNI (<49.5) is an independent 
predictor of poor prognosis in NSCLC 
patients

Okada et al.,  
2017 (52)

248 I: 73; II: 15; III: 12 Adeno: 76;  
SC: 16; other: 8

OS Low PNI correlated with postoperative 
complications and poor survival in 
resected NSCLC

Qiu et al., 2015 (53) 1,416 I: 55; II: 21; III: 25 Adeno: 53;  
SC: 40; other: 8

OS Low PNI (<52) was a significant 
prognostic factor in NSCLC

Shoji et al., 2016 (54) 141 I: 100 Adeno: 77;  
other: 23

RFS Low PNI group had a significantly shorter 
RFS in stage 1 NSCLC

*meta-analysis. PNI, prognostic nutritional index; NSCLC, non-small cell lung cancer; OS, overall survival; Adeno, adenocarcinoma; SC, 
squamous cell carcinoma; RFS, recurrence-free survival.
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decrease in lymphocytes, causing an increase in measured 
NLR. A neutrophilic response can have a negative 
immunomodulatory effect on cancer cells by suppressing 
cytotoxic T-cells and, likewise, a decreased lymphocyte 
response can aid in tumor invasion and progression due to 
impaired cell-mediated immunity (58).

The effects of NLR on prognosis have been widely 
studied in gastrointestinal cancers: higher NLR values 
correlate with worse prognosis (59). This relationship 
was also found to be true in breast (60), pancreatic (61),  
ovarian (62) and other cancers. Numerous studies have 
found a high NLR to be a reliable biomarker for poor 
prognosis in early NSCLC (Table 2).

Kos and colleagues studied 88 patients with early 
NSCLC and found that patients with NLR above 3.24 had 
significantly worse OS (19 vs. 59 months, P<0.001) (51). 
Zhang and colleagues examined a much larger sample, 
678 patients (45 stage I, 20 stage II and 35 stage IIIA), 
and found elevated NLR to independently predict both 
OS (HR =1.62, 95% CI: 1.30–2.02, P<0.001) and DFS 
(HR =1.59, 95% CI: 1.28–1.99, P<0.001) (63). Shimizu 
and colleagues also found elevated NLR >2.5 to be a 
predictive factor for poor survival after surgical resection 
(P<0.001) in their cohort of 334 patients (72 stage I, 16 

stage II and 12 stage III) (64). Furthermore, Takahashi and 
colleagues studied 343 stage I NSCLC patients and found 
that an elevated NLR was associated with not only poor 
prognosis (P<0.001) but also conferred a higher likelihood 
of metastasis after complete resection (P<0.001) (65). In 
a multivariate analysis, they also showed that elevated 
NLR is an independent prognostic factor (HR =2.13, 
95% CI: 1.31–3.52, P=0.003). Similarly, Sarraf and 
colleagues retrospectively examined 178 NSCLC patients 
after complete resection and found that an increase 
in pathologic stage was associated with elevated NLR 
(P=0.02) (66). After adjusting for stage, an elevated NLR 
independently predicted poor prognosis (HR =1.10, 95% 
CI: 1.03–1.17, P=0.004). While an independently elevated 
neutrophil count was not found to be correlated with poor 
prognosis (P=0.49), an elevated lymphocyte count had a 
protective effect on outcome (HR =0.62, P=0.01) likely 
due to the role of T cells in tumor suppression through 
cell-mediated immunity and cytokine production. NLR 
also has implications for patients treated with other 
modalities such as stereotactic radiation therapy. Cannon 
and colleagues found elevated pretreatment NLR to be 
significantly associated with poor survival in patients with 
early NSCLC undergoing SBRT therapy (P=0.005) (67).

Table 2 Summary of large published series investigating the prognostic significance of NLR in early-stage NSCLC

Role Author No. points Stage (%) Pathology (%) End points Outcome

NLR Kos et al.,  
2015 (51)

138 I–III: 64 Adeno: 57; SC: 53; 
other: 28

OS Higher NLR (≥3.24) is an independent 
predictor of poor prognosis in NSCLC 
patients

Zhang et al.,  
2015 (63)

678 I: 45; II: 20; IIIA: 35 Adeno: 41; SC: 47; 
other: 12

DFS, OS Preoperative NLR is significant prognostic 
indicator in primary operable NSCLC 
patients. High-risk patients based on NLR 
do not benefit from adjuvant therapy

Shimizu et al., 
2015 (64)

334 I: 72; II: 16; III: 12 Adeno: 69; SC: 21; 
large cell: 7;  
other: 3

OS Elevated NLR >2.5 is a predictive factor for 
poor survival after complete resection of 
NSCLC

Takahashi et al., 
2015 (65)

343 I: 100 Adeno:75; SC: 19; 
other: 6

RFS, distant 
metastasis

Preoperative high NLR is a predictor of 
poor prognosis and associated with more 
frequent metastasis in completely resected 
stage 1 NSCLC

Sarraf et al.,  
2009 (66)

177 I: 47; II: 25; III: 25 Adeno: 49; SC: 32; 
large cell: 9; mixed: 
3; other: 8

OS Increased NLR associated with higher 
stage, but also independent predictor of 
survival after complete resection and can 
stratify high death risk in stage 1 patients

NLR, neutrophil: lymphocyte ratio; NSCLC, non-small cell lung cancer; OS, overall survival; Adeno, adenocarcinoma; SC, squamous cell 
carcinoma; DFS, disease-free survival; RFS, recurrence-free survival.
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Platelet: lymphocyte ratio (PLR)

Elevated platelets can be a sign of a systemic inflammatory 
response and previous research has found a high PLR 
to be associated with poor prognosis in gastric, breast, 
and colorectal cancers (68). It is thought that various 
proinflammatory cytokines released by platelets , 
such as platelet-derived growth factor (PDGF) and 
thrombospondin, play an important role in inflammation 
and tumor cell angiogenesis and progression (69). In a 
meta-analysis by Gu and colleagues that examined eleven 
studies and included 3,430 patients, seven of the studies 
focused on early-stage NSCLC. They found elevated 
PLR to be associated with both poor OS (HR =1.42, 95% 
CI: 1.25–1.61, P<0.001) and poor DFS (HR =1.19, 95% 
CI: 1.02–1.40, P=0.03) (68). Similarly, a study by Cannon 
and colleagues reported that high PLR was negatively 
associated with survival in early NSCLC being treated 
with stereotactic body radiation therapy (HR =4.0, 95% 
CI: 1.5–11.0, P=0.01) (67). While findings from Unal and 
colleagues agreed with the association between PLR and 
poor prognosis (69), their sample included mostly advanced 
stage NSCLC patients. PLR may also be a useful utility for 
diagnostic purposes as Kemal and colleagues have found 

PLR to be elevated in lung cancer patients when compared 
to healthy controls (PLR: 245.1 vs. 148.2, respectively, 
P=0.002) (70).

Some studies have failed to find PLR to be a reliable 
prognostic factor (Table 3).

A study by Pinato and colleagues prospectively examined 
220 NSCLC patients undergoing surgical treatment and 
found no association between PLR and OS (P=0.32) (71); 
however, only 3% of patients in this study met cutoffs 
for elevated PLR, representing a relatively low sample. 
Similarly, Wu and colleagues found no significant survival 
difference in an analysis of 366 advanced NSCLC patients 
with elevated PLR and normal NLRs (OS: P=0.705, PFS: 
P=0.309) (73), leading to their speculation that PLR was 
better suited as a complementary, rather than independent, 
prognostic factor alongside NLR. Zhang and colleagues 
also found NLR to be a stronger predictor for survival when 
compared to PLR (72).

Platelet count

The primary function of platelets is to contribute to 
hemostasis, but these cells also play a role in the systemic 
inflammatory response. Jain and colleagues suggest 

Table 3 Summary of large published series investigating the prognostic significance of PLR in early-stage NSCLC

Role Author No. points Stage (%) Pathology (%) End points Outcome

PLR Gu et al.,  
2016 (68)*

3,430 I–IV – DFS, OS Elevated PLR was associated with poor 
OS and DFS, particularly in Caucasians

Cannon  
et al., 2015 (67) 

59 I: 100 Adeno: 58; SC: 32; 
unspecified: 10

OS, non-local 
failure

High NLR and high PLR are significant 
prognostic indicators for poor survival 
in stage 1 NSCLC patients treated with 
stereotactic radiation

Unal et al., 
2013 (69)

94 II: 10; IIIA: 43; IIIB: 48 Adeno: 16; SC: 70; 
unclassified: 14

DFS, OS Pretreatment high PLR were associated 
with significantly shorter disease-free 
and overall survival rates

Kemal et al., 
2014 (70)

81 I–IIIA: 27 Adeno: 40; SC: 33; 
other: 27

PLR levels PLR values were significantly higher 
in NSCLC patients compared to the 
healthy subjects (245.1 vs. 148.2)

Pinato et al., 
2014 (71)

220 IA: 34; IB: 23; IIA: 21; 
IIB: 9; IIIA: 13

Adeno: 60; SC: 24; 
large cell: 1; mixed: 
4; other: 11

OS Only a limited fraction of patients had 
an elevated PLR, with no significant 
impact on survival

Zhang et al., 
2015 (72)

678 I: 56; II: 9; III: 35 Adeno: 41; SC: 47; 
other: 12

DFS, OS NLR was superior to PLR as a 
predictive factor for survival in primary 
operable NSCLC patients

*meta-analysis. PLR, platelet: lymphocyte ratio; NSCLC, non-small cell lung cancer; DFS, disease-free survival; OS, overall survival; 
Adeno, adenocarcinoma; SC, squamous cell carcinoma.
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three major mechanisms by which platelets promote 
tumorigenesis (74). First, platelets can aggregate and create 
a “cloak” around tumor cells protecting them from immune 
cell cytotoxic activity. Activated platelets express membrane 
protein P-selectin which leads to platelet aggregation 
and interaction with sulfoglycolipid ligands on tumor  
cells (75). Platelet membrane glycoprotein GP IIb–IIIa also 
has a role in binding to tumor cells in addition to other 
platelets (76). Second, platelets store and release various 
growth factors, proteases, and pro-inflammatory cytokines 
which help in tumor growth, invasion, and angiogenesis. 
These factors include VEGF, PDGF, fibroblast growth 
factor (FGF) and insulin-like growth factor (IGF). Third, 
platelets bind to tumor cells to make platelet-tumor cell 
emboli which subsequently extravasate to the metastatic 
niche. In vitro platelet activation by the tumor promotes 
release of microvesicles with platelet membrane proteins, 
increasing invasive potential through increased adhesion, 
proliferation, chemotaxis and survival of cancer cells (77).

When considering use of  platelets  as  a  cancer 
biomarker, thrombocytosis has been associated with poor 
prognosis and shorter survival in multiple types of solid 
tumors including breast, lung, colon, gastric and ovarian  
cancer (78). Furthermore, multiple studies have found 
high platelet count to be an independent predictor of poor 
prognosis in stage I NSCLC (Table 4).

Sulibhavi and colleagues examined 103 patients with 
stage I NSCLC and reported elevated platelet count to 
be associated with recurrence (5-year RFS of 72% in high 
platelet group vs. 92% in low platelet group, P=0.02) (12). 
Tomita and colleagues had similar findings in their study of 
240 patients undergoing surgical resection (79). Although 
only 6% of their cohort had preoperative thrombocytosis, 
the 5-year survival in these patients was significantly lower 
compared to patients with normal platelet counts (29% 
vs. 64%, respectively, P<0.001). Yu and colleagues not 
only found thrombocytosis to predict poor OS (3-year 
survival of 75% with normal platelets vs. 59% with elevated 

Table 4 Summary of large published series investigating the prognostic significance of peripheral cell counts in early-stage NSCLC

Role Author No. points Stage (%) Pathology (%) End points Outcome

Platelet 
count

Sulibhavi et al., 
2020 (12)

103 I: 100 SC: 54; adeno:  
32; large cell: 14

RFS High platelet count (>253 K) was 
independently associated with 
recurrence in pT1 NSCLC

Tomita et al., 
2008 (79)

250 I: 64; II: 15; III–IV: 
16

Adeno: 69;  
other: 27

OS The 5-year survival of patients with 
and without thrombocytosis was 
28.87% and 63.73%, respectively; 
thrombocytosis was independently 
prognostic

Yu et al.,  
2013 (80)

510 I: 46; II: 25; III: 29 Adeno: 50; SC: 
46; other: 5

DFS, OS Thrombocytosis predicted poor 
survival and increased risk of disease 
progression

Zhang et al., 
2015 (81)*

5,884 – Adeno: 37; SC: 42 OS, TNM stage Pooled meta-analysis results found 
high platelet to negatively predict OS 
and be associated with advanced 
TNM stage

Lymphocyte 
count

Kobayashi  
et al., 2012 (10)

237 I: 86; II: 14 Adeno: 67; SC: 
22; large cell: 5; 
other: 5

OS, recurrence Low peripheral lymphocyte count 
was an indicator for poor prognosis 
and recurrence of NSCLC

Reuben et al., 
2020 (11)

236 I–IV – T cell density High T cell density in peripheral blood 
was associated with longer OS

Sulibhavi et al., 
2020 (12)

103 I: 100 SC: 54; adeno: 32; 
large cell: 14

RFS High lymphocyte count (>1.8 K) 
was independently associated with 
recurrence in pT1 NSCLC

*meta-analysis. NSCLC, non-small cell lung cancer; SC, squamous cell carcinoma; Adeno, adenocarcinoma; RFS, recurrence-free 
survival; OS, overall survival; DFS, disease-free survival.
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platelets), but also increased risk of disease progression (HR 
=1.57, 95% CI: 1.01–2.45, P=0.03) (80). A meta-analysis 
performed by Zhang and colleagues looked at twelve studies 
of 5,884 patients and found a significant association with 
poor OS (HR =1.74, 95% CI: 1.39–2.19, P<0.001) (81). 
Furthermore, elevated platelets had an association with 
advanced TNM stage (OR =2.65, 95% CI: 1.77–3.97). 
While platelet function in tumorigenesis occurs primarily 
in the tumor microenvironment, peripheral platelet count 
is affected by systemic inflammation and may have clinical 
significance as a prognostic marker for early-stage NSCLC.

Conclusions

While the immune microenvironment surrounding the 

tumor has a significant role in modulating progression and 
ultimately prognosis, the immune response in the peripheral 
blood can aid in the development of inexpensive and non-
invasive clinical markers. The interactions of immune cells, 
cytokines, and other peripheral immune markers may shift 
the immune response towards a conducive or inhibitory role 
in tumor defense (Table 5, Figure 1).

As well, peripheral markers may provide clinicians 
with easily accessible information on patient risk and 
prognosis. In NSCLC, both CD3+/CD4+ and CD8+ T 
lymphocytes are responsible for the identification and 
cell-mediated destruction of tumor cells. While previous 
research has shown high levels of T lymphocytes in the 
tumor microenvironment confers a longer survival, further 
research is needed to conclusively delineate the role of 

Table 5 Summary of findings on the role of peripheral immune cells in early-stage NSCLC

Role Author No. points Stage (%) Pathology (%) End points Outcome

T cells Kobayashi et al., 
2012 (10)

237 I: 86; II: 14 Adeno: 67; SC: 22; 
large cell: 5; other: 5

OS, recurrence Low peripheral lymphocyte count was an 
indicator for poor prognosis and recurrence 
of NSCLC

Reuben et al., 
2012 (11)

236 I–IV – T cell density High T cell density in peripheral blood was 
associated with longer OS

Sulibhavi et al., 
2020 (12)

103 I: 100 SC: 54; adeno: 32; 
large cell: 14

RFS High lymphocyte count (>1.8 K) was 
independently associated with recurrence in 
pT1 NSCLC

T-regs Li et al.,  
2009 (15)

51 I/II: 6; III: 20; 
IV: 25

SC: 15; adeno: 29; 
SC/adeno: 4; large 
cell: 1; nondiff: 2

Cell density, 
Treg activity

High Tregs count was found in peripheral 
blood of stage I NSCLC. Tregs proliferation 
and activity was suppressed in co-culture 
with activated CD4+ T cells

Chen et al., 
2014 (16)

49 I: 18; II: 5; III: 
14; IV: 12

SC: 17; adeno: 26; 
SC/adeno: 2; large 
cell: 1; other: 3

Cell density High Tregs count was found in peripheral 
blood of NSCLC. Tregs count significantly 
increased as stage progressed

NK cells Picard et al., 
2018 (18)

176 – – Cell density, 
NCR expression

CD56dim CD16+ NK cells are present at 
lower serum levels whereas CD56dim 
CD16– NK cells are at higher levels 
compared to healthy controls. NK cells 
exhibited a significant downregulation in the 
NCR NKp46 suggestive of lower cytotoxic 
potential

MDSCs Yamauchi et al., 
2018 (27)

42 I: 17; II: 12; 
III: 13

SC: 16; adeno: 26 Cell density Both MDSC subtypes are increased in early-
stage NSCLC. Mo-MDSCs, particularly, 
are more numerous in the peripheral blood 
and express higher levels of suppressive 
cytokines compared to those in tumor or 
nodal environment

NSCLC, non-small cell lung cancer; NK, natural killer; MDSC, myeloid-derived suppressor cell; Adeno, adenocarcinoma; SC, squamous 
cell carcinoma; OS, overall survival; RFS, recurrence-free survival.
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peripheral T lymphocytes. Nonetheless, current literature 
suggests that peripheral T lymphocyte cytokine signaling 
may augment activity of tumor T lymphocytes and serve 
as an important biomarker for prognosis. Several other 
peripheral immune cells, such as regulatory T lymphocytes 
and NK cells, have been implicated as potential biomarkers 
as well.

In addition, other biomarkers that can be easily measured 
from routine blood draw may hold important prognostic 
information. The PNI, NLR, PLR, and absolute platelet 
count have all been shown to be significantly correlated 
with prognosis in multivariate analyses and may be 
used for risk stratification in early NSCLC. Ongoing 
research investigating the role of microRNAs in the 
immunoregulation of NSCLC and its prognostic significance 
will provide another potential tool for clinicians to use. 
Further studies are needed to investigate their role in a large 
heterogeneous population with uniform histology and stage 
to definitively assess their interactions with clinical outcomes.
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