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Abstract

Introduction

Upfront criteria to foresee immune checkpoint inhibitors (ICls) efficacy are far from being
identified. Thus, we integrated blood descriptors of pro-inflammatory/immunosuppressive or
effective anti-tumor response to non-invasively define predictive immune profiles in ICI-

treated advanced non-small cell lung cancer (NSCLC).

Methods

Peripheral blood (PB) was prospectively collected at baseline from 109 consecutive NSCLC
patients undergoing ICIls as first or more line treatment. Soluble PD-L1 (sPD-L1)
(immunoassay), CD8+PD-1+ and NK (FACS) cells were assessed and interlaced to generate
an Immune effector Score (le#S). Lung Immune Prognostic Index (LIPI) was computed by
LDH levels and derived Neutrophil-to-Lymphocyte Ratio (ANLR). All these parameters were

correlated with survival outcome and treatment response.

Results

High sPD-L1 and low CD8+PD-1+ and NK number had negative impact on PFS (P<0.001),
OS (P<0.01) and ICl-response (P<0.05). Thus, sPD-L1"g" CD8+PD-1+°" and NK'°* were
considered as risk factors encompassing lerS, whose prognostic power outperformed that of
individual features and slightly exceeded that of LIPIl. Accordingly, the absence of these risk
factors portrayed a favorable le+S characterizing patients with significantly (P<0.001)
prolonged PFS (median NR vs 2.3 months) and OS (median NR vs 4.1) and greater benefit
from ICls (P<0.01). We then combined each risk parameter composing le#S and LIPI (LDHMs",
dNLR""), thus defining three distinct prognostic classes. A remarkable impact of lefS-LIPI
integration was documented on survival outcome (PFS, HR=4.61; 95%CI|=2.32-9.18;
P<0.001; OS, HR=4.03; 95%CI=1.91-8.67; P<0.001) and ICl-response (AUC=0.90,
95%CI=0.81-0.97, P<0.001).

Conclusion
Composite risk models based on blood parameters featuring the tumor-host interaction might
provide accurate prognostic scores able to predict ICI benefit in NSCLC patients.

Keywords: non-small cell lung cancer, immune checkpoint inhibitors, circulating biomarkers,
prognostic scores



1. Introduction

Similar to the advent of target therapy, immune checkpoint inhibitors (ICls) are rapidly shifting
the oncological landscape and profoundly transforming clinical cancer care, in particular in
non-small cell lung cancer (NSCLC) [1,2].

Anti PD-1/PD-L1 targeting agents have been established as the standard of care for
advanced NSCLC in first and second or more lines [3], and have demonstrated a long-term
survival benefit also in unresectable stage Il setting [4]. However, issues concerning the
tumor response and its evaluation criteria [5] and the occurrence of immune related side
effects (iRAEs) [6] concurrently emerged with these promising outcomes.

In this context, the prediction of treatment benefit remains a crucial unsolved challenge
to increase ICI overall efficacy rate and/or reduce unnecessary overtreatment [7]. Much
attention has been paid to tissue biomarkers, among which tumor PD-L1 expression holds a
primary role [8]. However, the accuracy of PD-L1 has been repeatedly questioned, since ICls
benefit has been documented also in PD-L1-negative NSCLC cases [2,3].

Strategies focusing on the complex interaction between tumor and its
microenvironment such as somatic tumor mutational burden (TMB) [9], extent and
phenotypes of tumor-infiltrating lymphocytes (TILs) [10-12] and immune gene signatures (i.e.
Tumor Inflammation Signature — TIS) [13,14] are also endowed with predictive power.

Although tissue biopsy may be more representative of cancer biology, a single
observation cannot express the dynamic nature of the tumor microenvironment and sample
availability is often limited in advanced NSCLC setting. Methodological issues related to the
standardization of different assays and cutoffs [15] and time-consuming laboratory
procedures [8], further restrain the wide application of tissue derived predictive factors.

As immune checkpoint pathways include a substantial circulating phase, peripheral blood
represents an easily available source of bio-humoral and cellular parameters potentially
implicated in the response to immunotherapy. Indeed, both PD-1 and PD-L1 exist either as
membrane bound and soluble forms [16]. Although the precise origin of soluble PD-L1 (sPD-
L1) remains elusive, data in advanced stage NSCLC favor the view that most plasma protein
derives from cancer cells [16-18]. In addition, circulating sPD-L1 may undergo dynamic
changes, as following immunotherapy, potentially linked to disease response. Accordingly,

low baseline sPD-L1 levels seemed to be associated to better response rate and clinical
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benefit at six months in ICI treated NSCLC [17,19,20]. In addition, the association of low
soluble Granzyme B with high sPD-L1 levels was coupled with poor response to nivolumab
therapy [17].

Neutrophils are the most prevalent cell type in NSCLC immune landscape, being
associated to ICI resistance [21]. A lung immune prognostic index (LIPI), generated from the
combination of derived neutrophil to lymphocyte ratio (ANLR) with lactate dehydrogenase
(LDH) levels, has been recently validated [22] showing strong correlation with NSCLC survival
outcome independently from PD-L1 expression [23].

The quantitative and qualitative assessment of circulating phenotypes more explicitly
implicated in the response to PD-1/PD-L1 targeting agents may upgrade the definition of
predictive biomarkers. In this regard, the baseline number and function of peripheral blood
cytotoxic Granzyme B+ and Perforint NK and CD8+ cells [24-26] have shown strong
predictive power in advanced NSCLC patients.

Quickly accessible and reproducible parameters from blood samples and requiring simple
techniques represent ideal candidate to foresee ICI benefit. This possibility was exploited
here by interlacing multiple suppressive or effective immune features. Thus, the aim of our
study was to determine whether the integrated analysis of sPD-L1 levels and distinctive
subsets of circulating immune cells (CD8+PD-1+ and NK) may non-invasively predict the
efficacy of immunotherapy in advanced NSCLC.



2. Materials and Methods

2.1. Patient Population

NSCLC patients from Medical Oncology Unit of the University Hospital of Parma treated with
ICls in first or subsequent line were prospectively enrolled in this study. The clinico-
pathological characteristics of this patient population are summarized in Table 1.

Inclusion and exclusion criteria are detailed in Supplementary (Suppl.) Material and Methods.
According to RECIST criteria 1.1 [27], we categorized NSCLC patients in clinical benefit
group (CB), including complete (CR) or partial (PR) response or stable disease (SD) lasting at
least 6 months and non-responders (NR), including patients with disease progression and

stable disease lasting less than 6 months as best response.

Patients were enrolled after informed consent and the study was performed following the
approval from the ethical committee (155/2018/SPER/AOUPR) and in accordance with
Helsinki principles.

2.2. Peripheral Blood Analysis
Peripheral blood (PB) samples were collected at baseline, right before the first ICI

administration.

sPD-L1. sPD-L1 concentrations were measured, one replicate for each patients, jn 200 ul of

(v cimi

serum _using the enzyme-linked immunosorbent assay (ELISA) Quantikine®
Human/Cynomolgus Monkey PD-L1/B7-H1 Immunoassay kit (©2017 R&D Systems®, Inc)

following the manufacturer's instructions._

Flow Cytometry (FC) of circulating immune cells. Fluorescence-Activated Cell Sorting (FACS)
of peripheral blood samples involved the analysis of circulating CD3+, CD8+, CD4+ and NK.
FACSCanto Il flow cytometer (BD Biosciences) and FACSDiva Software were employed to
compute the analyses.

A previously used gating strategy [24] to assess the frequency and absolute number of

circulating CD8+PD-1+ lymphocytes and NK cells is detailed in Suppl. Material and Methods.

5

Plasma

o (ha eliminato:

NN




Immune Effector Score. Following an immune oriented approach, we intersected sPD-L1
values with the number of PB cytotoxic cells. Thus, to portray an immune effector score (le#S)
able to define different prognostic classes, we combined sPD-L1 levels with the circulating
number of cytotoxic CD8+PD-1+ and NKs. Specifically, we first applied univariate correlation
test (Mann-Whitney U test), evaluating the clinical impact of individual parameters, to select
circulating descriptors with significant level of correlation (P<0.05). The designated peripheral
blood features (sPD-L1, CD8+PD-1+ and NKs), considered as continuous variables, were
then challenged in a Cox proportional-hazard model. We categorized sPD-L1 values in high
vs low subgroups according to cut-off established by Classification and regression tree
(CART) analysis. Previous CART-based cut-offs of circulating CD8+PD-1+ and NK cells
values were employed here to serve as validation of our reported data [24]. To provide a
prognostic score, NSCLC patients were split in two different classes based on presence or
absence of the three predetermined risk factors: sPD-L1M" vs sPD-L1'°%, CD8+PD-1+°% vs
CD8+PD-1+M9" and NK'" vs NKhiah,

LIPI Score. LDH levels were measured by conventional fluorometric assay and reported as
Unit/litre. Values resulting within the normal range (0-248 U/L) or higher than the Upper Limit
of Normality (>UNL) were separately considered. Complete blood cell count and leukocytes
differential were obtained by automated routine hemocytometric analysis. Neutrophil to
lymphocyte ratio (NLR) and derived neutrophil to lymphocyte ratio (ANLR; absolute neutrophil
count/[white blood cell concentration - absolute neutrophil count]) were computed.

Lung immune prognostic index (LIPI) scores were calculated based on dNLR and LDH levels
according to published criteria able to generate good (dNLR < 3 and LDH lower than UNL),
intermediate (1 factor) and poor (2 factors) composite scores [22].

Integrated LIPI-le#S Model. Adopting the methodological approach illustrated above, we
combined the individual risk factors composing lefS (sPD-L1M9", CD8+PD-1+°" and NK'"°¥)
and LIPI (LDHMe", dNLRM9") and three distinct risk categories were obtained: < 1, 2-3, = 4 risk
factors.



2.3. Immunohistochemical analysis of tissue PD-L1

Five um thick sections from formalin fixed and paraffin embedded biopsies from a subset (n:
61) of NSCLC patients were subjected to the immunohistochemical evaluation of PD-L1. PD-
L1 levels were measured using anti PD-L1 antibody (clone SP263) by immunoperoxidase and
expressed as % of cell surface labelling following established criteria [28]. Three distinct
subgroups were defined according to tissue PD-L1 (tPD-L1) score: negative (<1%),
intermediate (1-49%) and high (50-100%).

2.4. Statistical analysis

Overall survival (OS) and progression-free survival (PFS) were estimated by Kaplan Meier
method (see Supplementary Material and Methods). Cut-off for survival analysis was set at
December 30", 2019. Median follow-up was calculated according to the so-termed “reverse
Kaplan Meier” (Kaplan Meier estimate of potential follow-up) technique [29]. Log-rank test
(Mantel-Cox) was applied to evaluate statistical differences in PFS and OS between groups.
PFS and OS data were then analysed through Cox uni- and multivariate proportional hazards
regression models and results were expressed as hazard ratios (HR), 95% CIl and p values.
The multivariate models were fitted including the covariates that resulted statistically
significant in the univariate model. The Fisher's exact test was used to examine the
differences between categorical variables and the Mann-Whitney U test or Kruskal Wallis to
detect differences in continuous variables between groups of patients, given that the
distribution of data was not normal (Kolmogorov—Smirnov test). ROC curves were used to test
the sensitivity and specificity of a marker, with the area under the curve (AUC) being given
with its 95% confidence interval (Cl). In the case that more than one marker was used to create the
ROC curve (marker pattern), the probability of being in a given group, as calculated by means of
logistic regression, was used instead of marker values. Classification and regression tree (CART)

analysis identified specific cut-off values that segregated patients by clinical outcomes.

P value of 0.05 was set as a threshold of statistical significance. IBM SPSS Statistics v 25.0
(IBM) and Stata 13 with Cart module (Statacorp) were used to perform all computational

analyses.



3. Results

3.1 Patient Population

The patient population included 109 consecutive advanced NSCLC cases (97% Stage V)
undergoing immunotherapy. ICIs were administered as second line treatment in 67% of cases
(n=73) and mostly consisted of single anti-PD-1 agents (n=80) (Table 1). The contralateral
lung and lymph nodes were the predominant sites (>90%) of metastatic involvement followed
by bone and pleura (= 40%), while brain metastases were present in 15% of patients. At data
cut-off (December 30™, 2019), median follow-up was 17.3 months. The median PFS and OS
in the overall population were 2.6 (95%Cl, 0.76-4.36) and 7.9 months (95%CI 2.36-13.35),
respectively (Supplementary Figure S1).

3.2 Baseline Circulating Parameters

Individual values of sPD-L1, CD8+PD-1+, NK, dNLR and LDH, in the overall patient
population are reported in Supplementary Figure S2A. The distribution of sPD-L1 levels
ranged from 10.02 pg/ml to 261.26 pg/ml, resulting in an average value of 84.07 & (standard

o Cha formattato

error, SE) 5.04 pg/ml. The average absolute number of circulating CD8+PD-1+ (117.98 %
13.94/ul) and NK (265.43 + 20.26/ul) cells was in line with our previous observations in
advanced setting of NSCLC patients [24].

We also observed internal correlations among the investigated variables. Specifically,
dNLR inversely correlated with the number of CD8+PD-1+ (P<0.005) and NK (P=0.001) cells,
while a trend of a direct correlation with sPD-L1 (P=0.09) was apparent (Supplementary
Figure S2B).

3.3 Correlations Between Clinico-pathological and Circulating Parameters

Among clinico-pathological features, poor performance status (ECOG PS 2) significantly
correlated to high sPD-L1 levels (P=0.014) and dNLR (P=0.014) and low number of PB
CD8+PD-1+ (P=0.05) and NK (P=0.026) cells (Table 2). The trend of circulating parameters
according to the number and site of metastatic involvement showed that cases with more than
4 sites and liver metastasis had significantly increased sPD-L1 and LDH values (Table 2). In
addition, bone involvement was associated with low PB CD8+PD-1+ (P=0.004) and NK
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(P=0.05) cells and high dNLR (P=0.004) and LDH (P=0.011). Higher levels of sPD-L1 were
documented in NSCLC patients displaying liver (P=0.041) and brain (P=0.03) metastases.
Sex and histotype did not appear to affect circulating parameters, while advanced age
conditioned increased levels of LDH (656 vs 435 U/L, P=0.009, Table 2).

We did not document significant association between the expression of tPD-L1 (tPD-

L1) assessed on primary tumors with blood parameters (data not shown).

3.4 Impact of Individual Parameters on Survival Outcome and Response to ICls

3.4.1 Clinico-pathological Features

In addition to ECOG PS 2, previous administration of steroids and antibiotics to ICI treated
patients negatively conditioned PFS and OS at univariate analysis (Table 3), while only
steroids had a significant impact on PFS at multivariate level (HR 3.91, 95%CI 2.76-5.64,
P=0.033).

Steroid therapy appeared to negatively impact also on disease response, since 79%
(n=26/33) of patients on steroids before ICIs belonged to NR group (P<0.001) vs 21%
(n=7/33) of patients without steroids before ICls (data not shown).

Significantly prolonged PFS and OS were documented at both univariate (PFS: HR
0.69, 95%CI 0.52-0.92, P=0.010; OS: HR 0.72, 95%CI 0.52-0.99, P=0.046) and multivariate
(PFS: HR 0.45, 95%CI 0.32-0.78, P=0.004; OS: HR 0.54, 95%Cl 0.531-0.95, P=0.031)
analysis in NSCLC patients whose primary tumor displayed high tPD-L1 score. In addition,
distinctive survival curves were obtained following the stratification of patients according to
negative (< 1%), intermediate (1-49%) and high (50-100%) tPD-L1 score (Supplementary
Figure S3Ai-if).

The positive clinical impact of tPD-L1 was also confirmed in terms of tumor response,
since 89% (n=16/18) of cases displaying > 50% tPD-L1 expression had CB vs 37% (n=10/27)
and 54% (n=6/11) of patients with intermediate and negative expression, respectively
(P=0.002; Supplementary Figure S3B). The corresponding ROC curve showed an AUC value
of 0.68 (95%Cl 0.53-0.81, P=0.027), thus demonstrating a moderate discrimination ability.



3.4.2 Peripheral Blood Parameters
The clinical relevance of serum (sPD-L1 and LDH) and PB phenotypic (CD8+PD-1+, NK and
dNLR) parameters was clearly highlighted by Cox proportional hazard models (Table 3).

SPD-L1. According to a cutoff value set at 113 pg/ml by CART tree analysis, patients with low
vs high sPD-L1 had a median PFS of 11.9 vs 3.8 months (HR 2.55, 95%CI| 1.50-4.32,
P<0.001) and a median OS of 15.0 vs 5.8 (HR 2.53, 95% CI1.42-4.51, P=0.001), respectively
(Figure 1Ai-ii).

A trend toward higher sPD-L1 levels was detected in patients who failed to respond to
ICIs compared to CB group (86.04 + 7.86 pg/ml vs 77.02 £ 6.58 pg/ml) although not reaching
statistical significance (Figure 1Bi, P=0.379). This was confirmed by ROC curve showing the

lack of sPD-L1 in discriminating NR from CB patients (Figure 1Ci).

CD8+PD-1+ and NKs. In strong agreement with our previous findings [24] FACS analysis

documented that cases with high vs low number of PB CD8+PD-1+ (Figure 1 Aiii-iv) and NK
(Figure 1 Av-vi) cells had longer PFS (CD8+PD-1+, median PFS 9.8 vs 1.2 months, P<0.001;
NK, median PFS 10.2 vs 3.8 months, P<0.001) and OS (CD8+PD-1+, median OS 12.1 vs 2.8
months, P=0.001; NK, median OS 12.8 vs 6.1 months, P=0.001).

A 2.2-fold and 1.4-fold increase in baseline CD8+PD-1+ (P=0.003) and NK (P=0.043),
number of CD8+PD-1+ (AUC 0.80, 95%CI 0.67-0.93, P<0.001) and NK (AUC 0.67, 95%CI
0.56-0.68, P=0.005) cells accurately predicted ICI benefit, as disclosed by the corresponding

dNLR and LDH. A dNLR greater than 3 clearly characterized patients with poor survival
outcome (median PFS 5.7 months vs 12.6 months, P=0.001; median OS 8.0 months vs 15.6
months, P=0.002) (Figure 2Ai-i). Similarly, elevated LDH levels (>ULN) conditioned
significantly reduced PFS and OS (median PFS 3.5 months vs 11.9 months, P<0.001; median
OS 7.5 months vs 14.6 months, P<0.001) (Figure 2Aiii-iv).

Higher values of both dNLR and LDH also characterized patients NR to ICls compared
to CB group (Figure 2Bi-ii). Importantly, as shown by the respective ROC curve AUC, the
specificity and sensitivity of dNLR (AUC 0.69, 95%CI 0.58-0.79, P=0.001) and of LDH (AUC
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0.67, 95%CI 0.57-0.78, P=0.002) in discerning the differential ICI response was documented
(Figure 2Ci-ii).

3.5 Integrated Prognostic and Predictive Scores
The clinical relevance of individual PB parameters prompted us to generate potential
prognostic scores through the combination of the most significant serum and

immunophenotypic characteristics (see details in Material and Methods).

Immune Effector Score. Plasma sPD-L1 levels associated with circulating CD8+PD-1+ and

NKs were able to portray an immune effector score (leS) with significant prognostic impact.
As shown in Figure 3Ai-ii, while median PFS and OS were not reached in patients carrying
low sPD-L1 and high number of CD8+PD-1+ and NKs, the presence of at least one risk factor
was sufficient to markedly affect survival outcome (PFS, HR 5.72, 95%CIl 2.17-15.04,
P<0.001; OS, HR 5.07, 95%CI 1.71-14.97, P<0.001).

lefS was also highly associated with disease control rate (P=0.002, Figure 3Bi), and
the ROC curve, obtained by plotting the regression coefficients of 1S parameters, displayed
an AUC value of 0.80 (95%Cl 0.66-0.92, P=0.001).

LIPI. In our cohort of NSCLC, good LIPI score was present in 38% (n=41) of cases,
intermediate in 47% (n=51) and poor in 15% (n=17). Patients with good LIPI score had a
median PFS of 23 months compared to 5.1 and 2.9 months of cases with intermediate and
poor LIPI score, respectively (P<0.001, Figure 3Aiii). A good LIPI score was also associated
with longer OS (median not reached) compared to intermediate (median 4.8 months) and
poor (median 1.3 months) scores (HR 2.42; 95%ClI, 1.70-3.45; P<0.001; Figure 3Aiv).
Moreover, 66% of IClI responders had good LIPI, while 77% of NR displayed
poor/intermediate LIPI (P<0.001, Figure 3Bii). The high predictive power of LIPI score was
also confirmed by ROC curve AUC value (AUC 0.75, 95%CI 0.66-0.92, P<0.001; Figure 3Cii).

Integrated LIPI-lerS Score. Finally, we integrated 1S and LIPI parameters in a

comprehensive multiparametric model, delineating three risk categories with distinct survival
outcome. Significantly prolonged PFS and OS were detected in patients displaying 0-1 risk

factors (at median follow-up, nearly 80% of cases were not progressed, nor death) compared
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to both intermediate (2-3 risk factors) and poor (4-5 risk factors) risk groups (PFS: HR 4.61,
95%Cl, 2.32-9.18, P<0.001; OS: HR 4.03, 95% Cl, 1.91-8.67, P<0.001; Figure 3Av-vi).

Accordingly, we documented a remarkable impact of le#S-LIPI integration also in terms
of tumor response, as none of the patients with poor risk score showed response to
immunotherapy while up to 61% of NSCLC cases belonging to CB group displayed a good
score (P<0.001, Figure 4Biii). As illustrated by the corresponding ROC curve, the
discrimination ability of the integrated model was clearly superior to individual le#S and LIPI
scores, reaching an AUC of 0.90 (95%Cl 0.81-0.97, P<0.001; Figure 3Ciii).
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4. Discussion

Research strategies to predict the response to immunotherapy have been recognized
by the American Society of Clinical Oncology as one of the top nine priorities to advance
progress against cancer [30].

Approximately 20% to 40% of lung cancer patients benefits from ICI [31] with an
expected growing population eligible for immunotherapy alone or in combination with
chemotherapy [32].

In this context, the current evidence-based approach to biomarker assessment needs
to be urgently revisited [33]. While tissue PD-L1 expression successfully served as a criteria
of NSCLC patient selection [8], its definite role as predictor of the response to ICl is more
debated. Molecular analysis of TMB [9,34] and TIS [13] at tissue and blood levels (i.e. liquid
biopsy), although displaying predictive impact, have not reached sufficient standardization for
a wide clinical application.

Due to the heterogeneous nature of cancer, individual biomolecular benchmarks have
generally failed to meet the criteria of a valid biomarker. Suitable predictive scores of ICI
efficacy may be achieved by a multiparametric strategy involving easily accessible and non-
invasive samples, such as peripheral blood [35]. Importantly, the circulation gathers the
systemic immune response and may be more informative and timely reflecting cancer
immunity and tumor heterogeneity than the local tissue context.

In the attempt to foresee ICI benefit, peripheral blood was used here as a source of
common players of the inflammatory response (dNLR, LDH) and more immune-specific
biomolecules (sPD-L1) and phenotypes (CD8+PD-1+ and NK) critically implicated in PD-
1/PD-L1 pathway.

Increasing attention has been paid to the soluble form of PD-L1 protein, as evidences
suggest the negative impact of high sPD-L1 circulating levels on patients prognosis and
response to treatment [17,19,20]. PD-L1 is present in the circulation and other biofluids, such
as in pleural effusion of lung cancer patients [18], as a result of proteolytic cleavage or mRNA
alternative splicing of the cell surface protein. The precise contribution of different cell types to
the actual plasmatic concentration of sPD-L1 remains uncovered. This is a relevant issue
since it has been shown in melanoma patients that, depending on the source, differences in
sPD-L1 concentrations might condition either favorable or unfavorable clinical outcome [36].
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In agreement with tumor cells as major contributors to the circulating protein, we observed a
direct correlation between sPD-L1 levels and disease burden in a large cohort of advanced
NSCLC.

The real function of sPD-L1 is not completely clear yet, although several biological
effects have been proposed. Tumor cell-derived sPD-L1 appeared to induce apoptosis in T
cells of advanced renal carcinoma patients [37]. An additional mechanistic hypothesis comes
from the observation that sPD-L1 might inactivate tumoricidal circulating T cells, reducing
antitumor immune activity [19]. This assumption may be supported here, at least in part, by
the documentation of the negative impact of the association of high sPD-L1 levels with low
number of cytotoxic T and NK cells, thereby enclosing the proposed prognostic and predictive
Immune effector score (lefS). Moreover, sPD-L1 could compete and saturate PD-1 binding
sites therefore eluding the activity of anti PD-1 agents [16].

Circulating effector cells are fundamental to generate a natural and therapy induced
anti-cancer response. CD8+ T and NK cells act recruiting adaptive immune cells, directly and
indirectly, through the production of chemokines and the stimulation of Antigen Presenting
Cells (APCs), in order to trigger an efficient cancer immune surveillance [26,38]. In the
present immunotherapy scenario, these mechanistic events are translated into relevant
variables affecting disease response. Indeed, as suggested by our [24] and other
laboratories, the availability of a significant number of circulating cytotoxic phenotypes
increases patient sensitivity to ICI [35]. This finding was validated here by the evidence of
prolonged OS ad PFS in NSCLC cases displaying high levels of CD8+PD-1+ and NK cells.

Several reports indicate that, independently from the absolute number of white blood
cells, an increased relative proportion of circulating neutrophils with respect to lymphocytes
(dNLR) might be considered a marker of unfavorable immune response [39—41].
dNLR, seemingly expressing an inflammatory state, is combined with LDH levels, reflecting
bona fide cell turnover, to constitute LIPI [22]. As supported by our data, LIPI score
represents a successful attempt to merge multiple circulating parameters able to reproducibly
predict the outcome of metastatic NSCLC patients irrespective of treatment modality [23].

However, LIPI parameters just scratch the surface of profound immuno-inflammatory
events and may be affected by tumor-independent variables, such corticosteroids, infections
or co-morbidities, partly limiting their biological and clinical significance. Thus, to provide

immune profiles more representative of the multifaceted aspects of cancer immunity, we
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combined LIPI with sPD-L1 and circulating immunophenotypes encompassing leS.
Intriguingly, the power of this integrated model overcame that of individual scores. Moreover,
in our cohort of NSCLC, the score resulting from leS-LIPI integration was able to sharply
define three distinct prognostic categories and, at variance with LIPI, the increment in risk
factors was translated in parallel reduction in PFS and OS duration. This finding strongly
supports the notion that multiparametric strategies may improve our ability to anticipate the
clinical response to immunotherapy and to prospectively select the best patient- and disease-
specific therapeutic option. In addition, similar approaches own the translational significance
of comprehensively decoding cancer immune landscape by simple blood sampling.
Limitations of our study have to be acknowledged. The relatively low number of
NSCLC patients in different lines of treatment and the absence of chemo-immuno
combinatory regimens might not allow definitive conclusions. In addition, the lack of both
external validation cohort and control group not treated with ICls limits the definition of
predictive significance of our score. However, the current validation of the predictive role of
CD8+PD-1+ and NK cells [24], the internal consistency of all evaluated parameters as well as

the robustness of our score estimates could represent the strengths of the present study.

5. Conclusion

In conclusion, our findings suggest that the integrated analysis of blood descriptors of the
inflammatory response (dNLR, LDH) and immune-relevant biomolecules/phenotypes (sPD-
L1) and phenotypes (CD8+PD-1+ and NK), critically implicated in PD-1/PD-L1 axis, might
define prognostic and predictive immune scores in ICI-treated advanced NSCLC.
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Table 1. Clinico-pathological Characteristics

Patient Population (n = 109)

Age, years (Median, range) 72 (41-85)
n (%)
Histotype ScC 32 (30)
ADC 70 (64)
NSCLC NOS 7(6)
Sex Male 73 (67)
Female 36 (33)
Smoking status Smokers 36 (33)
Ex-Smokers 48 (44)
Non Smokers 25 (23)
ECOG PS 0-1 95 (87)
2 14 (13)
Stage 1B 3(3)
v 106 (97)
Metastatic Involvement Lymph nodes 100 (92)
Liver 17 (16)
Bone 45 (41)
Adrenal 20 (18)
Brain 16 (15)
Contralateral lung 102 (94)
Pleura 32 (39)
Others 28 (26)
Mutational status KRAS 19 (17)
EGFR 6(5)
ALK 1(1)
Other 5(4)
ICI Treatment I line 15 (14)
Il line 73 (67)
2 |ll line 21(19)
ICI molecule Nivolumab 66 (61)
Pembrolizumab 21(19)
Atezolizumab 22 (20)

SCC: Squamous Cell Carcinoma; ADC: Adenocarcinoma; NSCLC: Non Small Cell Lung Cancer; NOS:
Not Otherwise Specified, ICIl: Immune Checkpoint Inhibitor



Table 2. Correlations between clinical and peripheral blood parameters

sPD-L1 pg/mL CD8+ PD-1+, n/uL NK, n/uL dNLR, n LDH, U/L
n Mean + SD P n Mean + SD P n Mean + SD P n Mean + SD P n Mean + SD P

Sex
Male 73 84.2+52.3 0.986 38 112+ 62 0.202 38 270175 0.915 73 3.44+2.20 0.176 73 544 +383 0.678
Female 36 82.7 +48.6 20 127 95 20 257 £134 36 2.82+1.93 36 528 + 349
Age
<70 49 87.4+7.3 0.540 28 99 +17 0.203 28 275 29 0.640 51 3.58+0.34 0.098 51 435+19 0.009
270 60 81.2+6.9 30 13521 30 256 +28 58 2.8910.22 58 656 +85
ECOG PS
0-1 95 79.9£19.8 0.019 39 124 40 0.050 39 285 +125 0.026 95 3.04+2.0 0.014 95 519 +142 0.111
2 14 114.7 £20.6 19 80 £25 19 157 +83 14 4.41 £1.54 14 672 £137
Smoking status
Never 25 74.9 £33.9 0.145 11 185 +46 0.146 11 234 53 0.632 25 3.33+1.41 0.396 25 498 +146 0.510
Ex 48 78.8+51.1 23 134 174 23 272 +88 48 3.51+1.31 48 563 £196
Current 36 97.7 £54.1 24 95 +37 24 274 95 36 2.79+1.38 36 542 +148
Histotype
scc 32 77.8+31.7 0.551 17 131 +49 0.866 17 237 115 0.433 32 3.56 +2.22 0.249 32 399 +99 0.141
ADC 70 85.8 £31.2 37 114 87 37 114 +87 70 3.1842.26 70 610 £232
N metastatic sites
<3 44 83.9+38.2 0.001 21 119 ¥92 0.568 21 249 133 0.628 44 2.82+£1.60 0.143 44 407 £109 0.007
3-4 39 63.7 £37.5 19 136 74 19 307 +185 39 2.96 +1.85 39 582 +188
>4 26 117.2+42.3 18 95 +44 18 233 126 26 4.12 £2.07 26 754 £296
Bone metastasis
Yes 45 90.7 £54.4 0.282 24 77+22 0.004 24 226 +161 0.050 45 4.07 £2.69 0.004 45 718 235 0.011
No 64 79.8 £48.6 34 146 81 34 292 145 64 2.63+1.34 64 413 £121
Liver metastasis
Yes 17 99.9 +45.5 0.041 10 96 +63 0.666 10 271 +154 0.484 17 3.93+1.99 0.402 17 771 £526 0.043
No 92 81.1451.6 48 122 81 48 264 155 92 3.11+1.83 92 496 +314
Brain metastasis
Yes 16 101.6 £26.2 0.030 12 119 84 0.701 12 281 +153 0.490 16 3.70£2.98 0.971 16 637 £382 0.325
No 93 70.8 +42.8 46 117 +82 46 261 +155 93 3.14 £1.93 93 522 +236
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Table 3. Explanatory prognostic factors in Cox proportional hazard models

PFS Univariate® Multivariate®

HR CI1(95%) X2 p value HR CI1(95%) X2 pvalue
Sex 0.62 0.38-1.02 3.42 0.067
Age 0.98 0.96-1.06 2.05 1.146
ECOG PS 2.99 1.62-5.51 9.79 <0.001 0.93 0.25-3.43 0.917
Smoking 1.14 0.85-1.53 0.77 0.380
Steroids before ICls 2.59 1.54-4.09 7.78 <0.001 3.91 2.76-5.64 0.033
Antibiotics before ICls 2.05 1.12-3.74 4.64 0.020 1.01 0.26-3.95 0.979
Histotype 0.99 0.67-1.04 0.03 0.953
tPD-L1 0.69 0.52-0.92 6.91 0.010 0.45 0.32-0.78 0.004
LDH 2.01 1.21-2.45 9.57 <0.001 3.57 1.89-6.36 0.002
dNLR 1.33 1.24-1.47 4.93 0.007 1.46 1.12-1.89 0.004
CD3+ 0.89 0.78-1.00 4.63 0.062
CD8+ 0.87 0.69-0.99 4.22 0.088
CD4+ 0.99 0.78-1.13 2.91 0.090
CD8+ PD-1+ 0.61 0.32-1.45 8.18 0.005 0.18 0.02-0.37 0.001
NK 0.57 0.28-1.02 10.42 0.001 0.26 0.07-0.86 0.029
sPD-L1 2.14 2.00-2.72 5.87 0.020 3.51 1.13-5.91 0.030
os Univariate® Multivariate®

HR CI(95%) X p value HR _ CI(95%) X° p value
Sex 0.92 0.55-1.52 0.11 0.743
Age 0.98 0.85-1.09 1.44 0.113
ECOG PS 272 1.44-5.13 9.45 0.002 1.38  0.35-5.40 0.640
Smoking 1.01 0.76-1.37 0.01 0.904
Steroids before ICls 2.58 1.59-4.19 15.99 0.001 2.60 1.19-3.73 0.280
Antibiotics before ICls 2.01 1.05-3.86 4.60 0.032 132  0.27-6.47 0.731
Histotype 1.15 0.76-1.76 0.44 0.506
tPD-L1 0.72 0.52-0.99 4.25 0.046 0.54  0.31-0.95 0.031
LDH 2.01 1.61-3.02 7.95 <0.001 2.95 0.98-4.87 0.053
dNLR 1.30 1.19-1.42 8.09 0.003 1.48 1.14-1.92 0.003
CD3+ 0.99 0.79-2.09 3.59 0.181
CD8+ 0.86 0.69-0.99 4.76 0.072
CD4+ 1.03 0.99-1.17 1.96 0.164
CD8+ PD-1+ 0.49 0.28-0.98 9.82 0.015 040 0.07-2.96 0.002
NK 0.56 0.39-1.23 9.25 0.022 0.74  0.19-2.94 0.076
sPD-L1 3.04 2.69-3.76 7.54 0.031 3.03 0.87-5.54 0.008

PFS: progression free survival; OS: overall survival; Sex (Male=0, Female=1), Age (continue variable), Eastern Cooperative
Oncology Group performance status (ECOG PS, 0-1 vs 2), Smoking (negative smoking history=0, positive smoking
history=1), Steroids before ICIs (0= no, 1= yes), Antibiotics before ICls (0= no, 1= yes), Histotype (ADC=0, SCC=1), tissue
PD-L1 (tPD-L1, O=negative, 1=1-49%, 2= 250%); continue variables: Lactate Dehydrogenase (LDH), derived Neutrophil-to-

Lymphocyte Ratio (dNLR), CD3+, CD8+, CD4+, CD8+PD-1+, NK. Statistical results with P < 0.05 are bolded.

a Univariate analysis is carried out without any adjustment.
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