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Abstract

Purpose Pembrolizumab-based regimens are conditioned by the expression of PD-L1, but durable response rate is limited
by innate and acquired resistance mechanisms. Here, we focus on osteopontin (OPN), an upfront biomarker of senescence,
which closely associated with natural history of non-small cell lung cancer (NSCLC).

Methods Seventy-nine patients eligible to pembrolizumab regimens—alone or in combination with chemotherapy—as
first-line treatment of advanced NSCLC were enrolled. Predictive value of OPN toward iRECIST progression disease (PD)
was set as first outcome. Secondary ones included performance status (ECOG) at baseline, early (first and best) responses,
and overall survival (OS).

Results High Serum OPN characterized patients with worse ECOG-PS (p=0.015) at baseline and subjects experienced PD/
death at first (OR 1.17 [1.02 to 1.35]; p=0.030) and best responses (0.04 [0.00 to 0.81]; p=0.035). OPN was associated with
time-to-progression (B -2.74 [—4.46 to —1.01]) and time-to death (—0.13 [—0.20 to —0.05]). Cox regression models unveil
a predictive value for iRECIST-PD (HR 1.01 [1.00 to 1.02]; p=-0.005), RECIST-PD (HR 1.01 [1.00 to 1.02]; p=0.017),
and OS (HR 1.02 [1.01 to 1.03]; p=0.001). These models were internally validated through bootstrap resampling and char-
acterized by relevant discrimination ability at ROC curve analyses.

Conclusion Baseline levels of serum OPN is closely associated with performance status and short/long term outcomes in
patients with advanced NSCLC, which are candidate to pembrolizumab-based regimens. As upfront biomarker of senescence,
OPN may pave the way for future studies focusing on senescence patterns in NSCLC.
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Introduction

Therapy of non-small cell lung cancer (NSCLC) experienced
significant breakthroughs in the last decade due to develop-
ment of drugs targeting oncogenic drivers and progress in
immunotherapy. Immunotherapy—alone or in combination
with chemotherapy—is nowadays the gold standard treat-
ment for NSCLC lacking a driver mutation [1]. The use of
immune checkpoint inhibitors (ICIs) targeting programmed
cell death protein 1 (PD-1) as single-agent or in combination
with chemotherapy is conditioned by ligand (PD-L1) expres-
sion; indeed, in Europe the use of single-agent ICI (such
as pembrolizumab, atezolizumab, cemiplimab) is reserved
to patients whose NSCLC harbors high PD-L1 expression
(=50%), while combinations (such as chemotherapy plus
pembrolizumab or chemotherapy plus ipilimumab plus
nivolumab) are employed in case of PD-L1 between 0-49%.
While ICIs are generally effective in this context, response
may be lacking regardless of PD-L1 expression, and even
patients achieving response or disease control are eventu-
ally expected to face disease progression sooner or later
[2]. Resistance to ICIs may be due to innate or acquired
mechanisms. Intrinsic inhibition to immune cell infiltration
prevents antigen recognition by T-cell and patients do not
respond to initial treatment. Late onset of acquired resistance
accounts for relapse after an initial response. In both cases,
tumor phenotype and microenvironment seem to have a role
in providing a chronic immunosuppressive status that dra-
matically reduces response to treatment. Therefore, PD-L1
expression alone is not effective in predicting response, but
other factors need to be considered: genomic drivers and
mutational burden [3, 4], epigenetic and transcriptional sig-
natures [5], T-cell infiltration and exhaustion [6, 7]. Identify-
ing predictors of response/resistance is nowadays the great-
est challenge in immune-oncology. A combination of tumor
PD-L1 expression and mutational burden seems prognostic
but not predictive of response [8]. Furthermore, they dynam-
ically change, and immune-histological analyses are often
limited by lack of tissue and standardized protocols. Rather,
blood samples are non-invasive, quickly accessible, and easy
to monitor over time. We here focus on osteopontin (OPN),
a pleiotropic protein with established evidence in cancer
biology [9], drug resistance [10], and clinical outcome [11].
We aim at establishing whether OPN displays a predictive
value in terms of progression-free and overall survival (PFS
and OS, respectively) in the first-line immunotherapy for
NSCLC. Secondly, functional status at baseline and inter-
mediate outcomes (i.e., first, and best responses) have been
tested as surrogate index of resistance to treatment.
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Materials and Methods
Study Design and Patient Selection

In this pilot study, patients in first-line treatment with pem-
brolizumab for advanced NSCLC, either alone or in com-
bination with chemotherapy were consecutively enrolled at
the Lung Cancer Unit of IRCCS Ospedale Policlinico San
Martino, Genoa (Italy) between August 2017 and January
2021. In accordance with current guidelines [12, 13], all
patients aged > 18 years were enrolled if they had an estab-
lished cyto-/histological diagnosis of NSCLC at advanced
stage (IIIb and IV) and one or more lesions appraisable by
classic RECIST (Response Evaluation Criteria in Solid
Tumors) version 1.1 and/or immune-based RECIST (iRE-
CIST) criteria [14]. Those with previous first-line therapy
regimens, targetable oncogenic drivers (i.e., EGFR muta-
tions or ALK/ROSI1 rearrangements), steroids treatment
(> 10 mg/day of prednisone or equivalent), and intrin-
sic contraindications to anti-PD-1 agents (e.g., organ
transplantation, uncontrolled autoimmune disease) were
excluded. Similarly, we did not include a control group of
advanced NSCLC patients treated with no ICI. Patients
eligible to chemotherapy alone are usually frail patients,
introducing a potential bias in performance status and
outcomes. Pembrolizumab was administered at a dose of
200 mg every 21 days, and was employed either alone
or in combination with platinum-based chemotherapy,
according to histology (cis/carboplatin plus pemetrexed
for non-squamous histology or carboplatin plus paclitaxel/
nab-paclitaxel for squamous histology) for up 4 cycles,
after which patients with non-squamous histology received
maintenance with pemetrexed plus pembrolizumab and
patients with squamous histology received pembrolizumab
alone for up to 24 months. Patients were followed-up over
a median period of 10 months (range 0 to 49). Blood sam-
ples were collected before treatment starting and stored in
accordance with GCLP guidelines [15]. Circulating levels
of inflammatory biomarkers were measured on serum by
ELISA, following manufacturer’s instructions (All Duo-
Set by R&D Systems, Minneapolis, MN). The lower lim-
its of detection were 62.5 pg/mL for MMP-8, MPO, and
OPN, and 31.25 pg/mL for MMP-9 and TIMP-1. The mean
intra- and inter-assay coefficients of variation below 8%,
as previously reported [16, 17]. The local Ethics Commit-
tee approved this protocol (PR180REG2017), performed
in accordance with the guidelines of the Declaration of
Helsinki. All patients gave an informed consent before
enrollment.
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Endpoint Adjudication and Power Study Calculation

Primary endpoint of the study was testing the predictive
value of serum OPN in first-line immunotherapy with pem-
brolizumab-based regimens: progressive disease (PD) was
assessed by either RECIST and iRECIST criteria. At this
regard, we acknowledge that our sample size (n=79) does
not satisfy the minimum required for developing a clinical
prediction model so that our results should be considered
as preliminary (Supplementary Material). Secondary out-
comes included: i) a cross sectional association between
OPN and performance status at enrollment as defined by
the Eastern Cooperative Oncology Group (ECOG) per-
formance status score of a 0 to 5-point scale (with higher
scores indicating increasing disability); ii) perspective
analyses of association between OPN and intermediate
responses to treatment (1st and best response); iii) predic-
tive value of OPN toward overall survival (OS).

Statistical Analysis

IBM SPSS Statistics version 24.0 IBM CO., Armonk, NY),
GraphPad Prism version 9.0 (GraphPad Software, Inc, La
Jolla, CA), and MedCalc for Windows version 12.5 (MedCalc
Software, Ostend, Belgium) were used for statistical analysis.
Clinical data were reported as absolute and relative frequen-
cies when categorical, and comparisons drawn by Chi square
or Fisher’s exact test. When the normality assumption — tested
by Shapiro—Wilk — was not demonstrated, continuous clinical
variables were presented as median and interquartile range
[IQR] and intergroup comparisons drawn by Mann—Whit-
ney and Kruskal-Wallis tests. Correlation analyses between
continuous/ordinal variables were drawn by Spearman rank
test, whereas linear regression models were built for extrapo-
lating linear associations, reported as slope (B) and relative
95% confidence interval (CI). For outcome estimations we
built univariate and adjusted regression models — logistic or
multinomial, as appropriate — whose results were reported as
odds ratio (OR) and 95% confidence interval (CI). Univari-
ate and adjusted Cox proportional hazards models (expressed
as hazard ratio [HR] and 95% CI) were finally built to test
PD and OS. Discrimination properties of the models were
then tested by ROC curve analyses presented as area under
the curve (AUC), whereas internal validation with boot-
strap resampling was used to avoid overfitting. A two-sided
p-value <0.05 was considered statistically significant for all
the statistical analyses.

Results

Osteopontin is Closely Associated with Clinical
Presentation of Advanced Non-Small Cell Lung
Cancer

Table 1 summarizes the characteristics of the study cohort.
Patients received treatment with pembrolizumab alone
(70.9%) or in combination with chemotherapy-based

Table 1 Clinical and histological ad radiological data of the study

cohort (n=79)

Overall
n=179)
Age, years [IQR] 71 [62-77]
Sex male, n (%) 59 (74.7)
Smoke
never, n (%) 5(6.3)
former, n (%) 38 (48.1)
active, n (%) 36 (45.6)
Histology
SCC, n (%) 16 (20.3)
ADK, n (%) 63 (79.7)
PD-L1 expression
None, n (%) 7(8.9)
Mild, n (%) 14 (17.7)
High, n (%) 58 (73.4)
KRAS mutation, n (%) 28 (40.0)
Pembrolizumab single agent 56 (70.9)
Cycle number n [IQR] 8 [3-19]
Dual-therapy 23 (29.1)
Cycle number n [IQR] 4 [2-4]
Cycles maintenance, n [IQR] 5[4-13]
WBC count, nx10E9/L [IQR] 9.9 [8.1-13.3]
Neutrophils, nx10E9/L [IQR] 7.5 [5.4-9.9]
Hb, g/dL [IQR] 13.2 [12.1-14.2]
Platelet, nx 10E9/L [IQR] 311 [226-354]
CRP, mg/L [IQR] 21 [9-47]
OPN, ng/mL [IQR] 50 [38-74]
MPO, ng/mL [IQR] 697 [337-1211]
MMP-8, ng/mL [IQR] 56 [32-100]
MMP-9, ng/mL [IQR] 1814 [1197-2749]
Resistin, ng/mL [IQR] 18 [10-29]

TIMP-1, ng/mL [IQR]

314 [237-424]

Data are presented as median [interquartile range] or absolute (rela-
tive) frequencies

ECOG PS eastern cooperative oncology group performance status;
SCC squamous cell carcinoma; ADK adenocarcinoma; WBC white
blood cell; Hb hemoglobin; CRP C-reactive protein; OPN osteopon-
tin; MPO myeloperoxidase; MMP metalloproteinase; TIMP tissue
inhibitor of metalloproteinase
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«Fig. 1 Osteopontin is closely associated with clinical presentation of
advanced non-small cell lung cancer. Panels A and B summarized
performance status according with performance status (ECOG; East-
ern Cooperative Oncology Group) and early response defined by first/
best responses at computerized tomography (CT) and categorized as:
complete response (CR), partial response (PR), stable disease (SD),
progression disease (PD) or death. Outcomes were classified accord-
ing with immune-related criteria iRECIST) (C and D). Association
studies of osteopontin (OPN) with white blood cell (WBC) and neu-
trophil (PMN) counts, and ECOG as well are also reported (MMP:
matrix metalloproteinase) (E to H)

regimens. Median duration of treatment for pembrolizumab
alone and combined therapy was 8 cycles [3 to 19] and 4
cycles [2 to 4], respectively. Subsequently, patients who
received maintenance dual-therapy continued for a median
of 5 cycles [4 to 13]. Performance status — according with
ECOG scale — was <2 in 81% of cases (34.2% and 46.8%
for 0 and 1 score, respectively), whereas a score of 2 was
recorded in 19.0% of patients (Fig. 1A). For about half of
patients, stable disease (SD) was both the first and best
responses (46.8 and 43.8, respectively), whereas partial
response (PR) represented the best response for 32.3% of
patients (Fig. 1B). By cut-off date, most of patients expe-
rienced PD with a rate of 86.1% and 78.5%, according to
RECIST and iRECIST, respectively. Overall death incidence
was instead of 65.8% (survival proportion are summarized
in Fig. 1C and D). Concerning PD-L1 expression, no sig-
nificant association with clinical parameters/inflammatory
biomarkers were found, except for the different distribution
across histotypes (squamous vs. non-squamous; p =0.026)
(Table S1).

Correlation matrix (Figure S1) showed no significant
relationship of OPN with neither white blood cell/neutro-
phil counts — also confirmed at linear regression analyses
in Fig. 1 E — nor other inflammatory biomarkers. Neverthe-
less, both cell counts and markers of inflammatory response
— but not other clinical variables — were generally associated
with worse performance status: WBC (p for trend 0.033),
neutrophils (p for trend 0.010), MMP-9 (p for trend 0.030),
and OPN as well (p for trend 0.015) (Fig. 1F and G and
Table S2). Cell counts and OPN also showed an independent
association toward worse performance status at multinomial
regression analysis with a slight — not significant — preva-
lence of OPN at adjusted analyses (OR 1.03 [1.00 to 1.06];
p=0.066) (Fig. 1H).

Baseline Values of Osteopontin Predict Short-Term
Clinical Response to Therapies in Advanced
Non-Small Cell Lung Cancer

According to cross-sectional analyses, markers of inflam-
matory response were generally associated with first CT
response (after excluding the only case of CR): WBC (p for

trend 0.047), neutrophil count (p for trend 0.012), MMP-9 (p
for trend 0.034), and OPN as well (p for trend 0.045) (Fig. 2A
and B, and Table S3). At multinomial regression analysis,
only age discriminated PR from both PD and early death with
ORs of 0.88 (0.78 to 0.99; p=0.029) and 0.90 (0.81 to 1.00;
p=0.043), respectively (Fig. 2C). A substantial discriminat-
ing value between PR and early death at first CT control was
also observed for neutrophil count (OR 1.36 [1.03 to 1.79];
p=0.031) and OPN (OR 1.04 [1.01 to 1.08]; p=0.018), also
at adjusted analysis (Fig. 2C). Once categorized (PR 4+ CR vs.
SD +PD), both neutrophil count and OPN remained indepen-
dently associated with worse first CT response with ORs of
1.17 (1.02 to 1.35) and 1.02 (1.01 to 1.04), and p-values of
0.030 and 0.008, respectively (Fig. 1D).

When the best response was considered, only OPN
increased progressively with the worsening of outcome
(p for trend 0.021) (Fig. 2E and F, and Table S4) and dis-
criminated PR to both SD (OR 1.03 [1.1 to 1.07]; p=0.042)
and PD (Fig. 2G). Even after categorization (PR + CR vs.
SD+PD), only OPN retained a significant negative predictive
value toward best response with a OR of 0.04 (0.00 to 0.81;
p=0.035) (Fig. 2H).

Baseline Values of Osteopontin Predict Long-Term
Clinical Response to Therapies in Advanced
Non-Small Cell Lung Cancer

At Spearman correlation analyses, an inverse relationship with
serum concentration of OPN at baseline was found for PFS
(both RECIST and iRECIST) and OS (Table 2). Other rel-
evant correlations involved performance status, WBC/neutro-
phil/platelet counts, and TIMP-1. Contrariwise, OPN was not
associated with event rates (i.e., PD and death) as for perfor-
mance status, cell counts, and neutrophil related degranulation
products: MPO, MMP-8, and -9 (Table 3 and 4).

At Cox regression hazard models, OPN shared with neu-
trophil count a substantial predictive ability toward both
RECIST-PD (HR for OPN 1.01 [1.00 to 1.02]; p=0.017) and
iRECIST-PD (HR for OPN 1.01 [1.00 to 1.02]; p=-0.005),
and overall death as well (HR for OPN 1.02 [1.01 to 1.03];
p=0.001) (Fig. 3 A, B, and C). For all those outcomes, ROC
curve analysis confirmed a good discriminating value with
AUC of 0.820, 0. 710, and 0. 730, respectively (Fig. 3 D
and Supplementary materials). Finally, all the results of Cox
regression analyses were internally validated by bootstrap
analyses (Supplementary material).

Discussion
The strong association between OPN and outcome of

NSCLC in patients treated with pembrolizumab — alone
or in combination with chemotherapy — can be considered

@ Springer
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«Fig.2 Osteopontin predicts early clinical response to therapies in
advanced non-small cell lung cancer. White blood cell (WBC) and
neutrophil (PMN) counts, matrix metalloproteinase (MMP) and
osteopontin (OPN) were tested as predictor of and early response
defined by first (A to D) and best (E to H) responses at computer-
ized tomography (CT) and categorized as: complete response (CR),
partial response (PR), stable disease (SD), progression disease (PD)
or death. Outcomes were classified according with immune-related
criteria iIRECIST) (C and D)

the major finding of the present study. This evidence may
sound not cutting-edge, as the role of OPN on cancer biol-
ogy and clinical outcomes has been widely reported in the
last decade. A plethora of studies confirmed the predictive
role of circulating OPN toward outcome of NSCLC at dif-
ferent stages (Table 5). Even when pooled in a meta-anal-
ysis, OPN remained independently associated with more
advanced tumor stage at TNM and poor prognosis in terms
of disease/progression-free survival and OS [11]. Later stud-
ies highlighted a similar predictive value in patients with
driver mutation [18] or treated with first-generation immune
checkpoint inhibitors [16]. We here moved a step forward
by confirming previous results in the setting of pembroli-
zumab-based regimens. In addition to — and likely because
of — a strong independent association with performance sta-
tus, high serum OPN levels at baseline were independently
associated with short-term responses to treatment also, as
defined by first/best radiological assessment according to
RECIST and iRECIST criteria. Explanations and clinical
relevance of these findings need to be framed in the pleio-
tropic properties of OPN at different stages of cancer biol-
ogy and beyond. In its secreted form, OPN is indeed being
consolidating as stirring regulatory factor or rather the tip

of the iceberg of senescence-associated secretory phenotype
(SASP) in different classes of disease [19].

New intriguing hypotheses link senescence, aging and
multisystem age-related diseases: from bone metabolism
to central nervous, cardiometabolic, and immune systems,
till tumor development and progression [20]. For instance,
frailty and cognitive decline rise with age among lung cancer
patients with a negative — but not standardized yet — impact
on OS [21]. The ECOG scale is still of common and valu-
able use in clinical practice, but there is maybe room for
reappraising it [22]. The Cancer and Aging Research Group
is therefore validating clinical tools for geriatric assessment
and prediction of toxicity [23—-26]. Whether panels for senes-
cent secretome may further implement characterization of
performance status remains a fascinating but unexplored
field of research.

Contrariwise, local aging-related gene signatures are
widely known to influence risk stratification and prog-
nosis of lung cancer [27, 28]. They indeed fuel different
pathways active on tumor development [29-31], progres-
sion [32-35], and resistance to treatment [36]. Detrimental
effects of SASP are not limited to malignant cells but involve
the whole tumor microenvironment [37, 38] with mutual
interactions between endothelial cells [39], fibroblast [40,
41], and immune cells also.

Alongside tumor and physiological aging processes,
other comorbidities are known to influence immune system
homeostasis. Independently of the trigger, immune senes-
cence targets antigen presentation and then innate immu-
nity: dendritic cells impaired their function, whereas pro-
inflammatory monocytes (CD16") prevail on phagocytic
ones (CD167) [42]. Tumor-associated macrophages and

Table 2 Correlation of

. . PFS RECIST PFS iRECIST oS

inflammatory parameters with

time-to-progression .(n =68 and r p-value r p-value r p-value

f;;‘;igigf;gﬁ?;ﬁfﬁi;h Age 0.158 0.199 0.076 0.555 0.166 0.239

(n=52) ECOG PS —0.252 0.038 —0.365 0.004 —0.257 0.066
WBC count —0.246 0.046 —0.265 0.041 —0.276 0.050
Neutrophils —-0.337 0.006 —-0.399 0.002 —0.430 0.002
Hb 0.184 0.142 0.238 0.067 0.140 0.328
Platelet —0.222 0.074 —0.285 0.027 -0.270 0.056
CRP —0.009 0.965 -0.076 0.723 —0.116 0.615
OPN —0.402 0.001 —0.417 0.002 -0.397 0.006
MPO —0.097 0.445 0.092 0.491 —0.087 0.549
MMP-8 —0.163 0.197 —0.091 0.498 —0.142 0.324
MMP-9 -0.217 0.085 —0.170 0.201 —0.237 0.098
Resistin —0.055 0.665 0.087 0.518 0.141 0.328
TIMP-1 —-0.231 0.066 —0.266 0.044 -0.214 0.135

Comparisons were drawn by Spearman correlation test

ECOG PS eastern cooperative oncology group performance status; WBC white blood cell; Hb hemoglobin;
CRP C-reactive protein; OPN osteopontin; MPO myeloperoxidase; MMP metalloproteinase; TIMP tissue

inhibitor of metalloproteinase
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neutrophils (TAMs and TANS, respectively) locally boost
inflammaging and immunosuppression further [38, 43].
Adaptive immunity experiences senescence also. Memory
and late-differentiated T-cells accumulate as they lose the
expression of co-stimulatory molecules, are less prone to
apoptosis, and reduce sensitivity to cytokines and prolifera-
tive signals. T cell exhaustion is a late phenotype induced
by chronic inflammation and tumor development. It is char-
acterized by loss of effector function, suppressive micro-
environment with loss of anti-tumor response function and
expression of inhibitory receptors, to which PD-1 belongs
[44, 45]. A similar exhausted phenotype may also occur in
tissue-resident NK cells [46].

Table 3 Variables associated with RECIST/iRECIST response (n=79)

Not limited to lung cancer cells, OPN expression in tumor
microenvironment ranges from osteoblasts to fibroblasts,
dendritic, lymphoid, and mononuclear cells, but mainly the
TAMs [10]. OPN expression in TAMs — but not in cancer
cells — has clinical relevance for the outcome of lung cancer
[47]. A recent study based on single-cell RNA-seq revealed
that OPN expression further differs across different TAM
populations, being highly representative of a subset that
originates from circulating monocytes [48, 49]. More gener-
ally, serum levels of OPN may be expression of whole-body
immune senescence [50]. OPN production increases in the
subset of senescent PD-1+ T-cells [51] and in age-related
diseases such as cardiometabolic ones [52, 53], where co-
localize with cell senescent and exhausted T cells [44, 54,

RECIST response  RECIST PD/death  iRECIST response  iRECIST PD/death  p-value*  p-value®
(n=11) (n=68) (n=17) (n=062)
Age, years [IQR] 74 [65-79] 71 [62-76] 74 [67-79] 71 [62-76] 0.195 0.161
Sex, male (%) 8 (72.7) 51 (75.0) 12 (70.6) 47 (75.8) 1.000 0.755
Smoke 0.905 0.689 0.786
never, n (%) 1(9.1) 4(5.9) 1(5.9) 4(6.5)
former, n (%) 4(36.4) 34 (50.0) 7(41.2) 31 (50.0)
active, n (%) 6 (54.5) 30 (44.1) 9 (52.9) 27 (43.5)
ECOG PS 0.200 0.295
0, n (%) 4 (36.4) 23 (33.8) 7(41.2) 20 (32.3)
1, n (%) 7 (63.6) 30 (44.1) 9 (52.9) 28 (45.2)
2, n (%) 0(0.0) 15 (22.1) 1(5.9) 14 (22.6)
Histology 0.774 0.446 0.500
SCC, n (%) 1(9.1) 15 (22.1) 2 (11.8) 14 (22.6)
ADK, n (%) 10 (90.9) 53 (77.9) 15 (88.2) 48 (77.4)
PD-L1 expression
None, 1 (%) 2(18.2) 5(7.4) 2(11.8) 5(8.1) 0.491 0.716
Mild, n (%) 2 (18.2) 12 (17.6) 2(11.8) 12 (19.4)
High, n (%) 7 (63.6) 51 (75.0) 13 (76.5) 45 (72.6)
KRAS mutation, n (%) 4 (40.0) 24 (40.0) 7 (43.8) 21(38.9) 1.000 0.776
Pembrolizumab single agent, n (%) 7 (63.6) 49 (72.1) 13 (76.5) 43 (69.4) 0.722 0.765
WBC count, nx10E9/L [IQR] 8.6 [5.8-9.3] 10.5[8.3 -13.4] 8.6 [5.7-9.4] 10.9 [8.4 - 13.5] 0.007 0.003
Neutrophils, nx10E9/L [IQR] 6.0 [3.6-7.4] 7.8[5.4-10.4] 5.5[3.6-17.6] 8.0-5.8-10.8 0.030 0.009
Hb, g/dL [IQR] 12.7 [12.0-13.7] 13.4[12.1-145] 12.7[11.9-14.3] 13.4[12.2-14.2] 0.185 0.357
Platelet, nx 10E9/L [IQR] 260 [189-340] 315 [228 - 362] 260[213 —333] 315 [231 - 368] 0.154 0.099
CRP, mg/L [IQR] 19 [13-19] 22 [7-49] 13 [9-24] 22 [9-51] 0.966 0.382
OPN, ng/ml [IQR] 47 [42-64] 75 [37-179] 45 [38-53] 51[37-82] 0.678 0.230
MPO, ng/mL [IQR] 310 [154-444] 761 [436-1297] 329 [196-465] 908 [495-1340] 0.003 <0.001
MMP-8, ng/mL [IQR] 39 [22-45] 63 [34-105] 40 [20-55] 70 [38-109] 0.015 0.003
MMP-9, ng/mL [IQR] 1116 [823-1449] 2218 [1318-2836] 1116 [856-1547] 2336 [1370-2897] 0.006 0.001
Resistin, ng/mL [IQR] 15 [10-37] 19 [10-29] 12 [8-26] 20 [11-29] 0.708 0.132
TIMP-1, ng/mL [IQR] 243 [237-314] 334 [234-430] 243 [210-320] 335 [240-453] 0.098 0.026

Data are presented as median [interquartile range] or absolute (relative) frequencies. Comparisons were drawn by Mann—Whitney test or Xz/
Fisher’s exact test, as appropriate. P-value* ¥ refers to comparison between RECIS and iRECIST, respectively

PD RECIST progression disease at response evaluation criteria in solid tumors classical or immune-related iIRECIST); ECOG PS eastern coop-
erative oncology group performance status; SCC squamous cell carcinoma; ADK adenocarcinoma; WT wild type; CT computerized tomography;
PD progression disease; SD stable disease; PR partial response; CR complete response
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55]. Whether circulating OPN may be finally representative
of the abovementioned TAM subset and/or rather expression
of systemic senescence is an intriguing but still speculative
hypothesis [56].

The rising interest toward the role of senescence and OPN
in lung cancer comes up to drug resistance. Both senescence
and OPN interact with chemotherapy by promoting each
other in experimental studies, but any clinical correlation
or relevance has not been proven yet [42]. Rather, such deep
immunological implications of senescence and OPN provide
a stronger rationale for testing it in the subset of NSCLC
candidate to treatments with immune checkpoint inhibitors
[57, 58]. All supposed mechanisms of resistance are indeed
potentially associated with increased OPN expression [2].

The wide predictive value of OPN here observed — rang-
ing from early to late response — conceptually refers to both
innate and acquired resistance mechanisms.

Circulating OPN shares a substantial predictive power
with neutrophil count also without any association between
them. This should not be surprising as chemotactic prop-
erties of OPN are known [59], whereas neutrophil do not
release OPN. Rather, circulating neutrophils correlate with
TAN [60], which are implicated in carcinogenesis, tumor
growth and dissemination [61], and prognostic outcome of
immunotherapy as well [62].

To further link our findings with clinical response to ther-
apy, we applied iRECIST criteria that take into account for
the early paradoxical responses (i.e., a transient increase of

Table 4 Variables associated

X : Alive Deceased p-value

with overall survival (n=79) (n=27) (n=52)
Age, years [IQR] 72 [62 -T7] 71 [63 -77] 0.824
Sex, male (%) 21 (77.8) 38 (73.1) 0.787
Smoke 0.633
never, n (%) 1.7 4(7.7)
former, n (%) 12 (44.4) 26 (5.0)
active, n (%) 14 (51.9) 36 (45.6)
ECOG PS 0.012
0,n (%) 14 (51.9) 13 (25.0)
1,n (%) 12 (44.4) 25 (48.1)
2,n (%) 1@3.7) 14 (26.9)
Histology 0.327
SCC, n (%) 3(11.1) 13 (25.0)
ADK, n (%) 24 (88.9) 39 (75.0)
PD-L1 expression 0.819
None, 1 (%) 2 87.49 5(9.6)
Mild, n (%) 4 (14.8)) 10 (19.2)
High, n (%) 21 (77.8) 37 (71.2)
KRAS mutation n (%) 10 (38.5) 18 (40.9) 1.000
Pembrolizumab single agent, n (%) 21 (77.8) 35(67.3) 0.436
WBC count, nx10E9/L [IQR] 9.1 [6.7-10.1] 11.5[8.3-13.5] 0.008
Neutrophils, nx10E9/L [IQR] 6.4 [4.9-8.1] 8.1[5.7-11.2] 0.026
Hb, g/dL [IQR] 13.3[12.1-14.7] 13.2 [12.0-14.1] 0.487
Platelet, nx10E9/L [IQR] 246 [192-329] 331 [254-370] 0.012
CRP, mg/L [IQR] 17 [7-36] 22 [10-50] 0.720
OPN, ng/ml [IQR] 45 [34-55] 52 [39-82] 0.106
MPO, ng/mL [IQR] 390 [273-1032] 813 [484-1316] 0.020
MMP-8, ng/mL [IQR] 43 [25-87] 67 [38-106] 0.059
MMP-9, ng/mL [IQR] 1316 [930-2253] 2336 [1408-2861] 0.019
Resistin, ng/mL [IQR] 14 [9-28] 19 [11-30] 0.202
TIMP-1, ng/mL [IQR] 243 [200-320] 350 [260-453] 0.008

Data are presented as median [interquartile range] or absolute (relative) frequencies. Comparisons were
drawn by Mann—Whitney test or Xz/Fisher’s exact test, as appropriate. Data are presented as median [inter-
quartile range] or absolute (relative) frequencies

ECOG PS eastern cooperative oncology group performance status; SCC squamous cell carcinoma; ADK
adenocarcinoma; WBC white blood cell; Hb hemoglobin; CRP C-reactive protein; OPN osteopontin; MPO
myeloperoxidase; MMP metalloproteinase; TIMP tissue inhibitor of metalloproteinase
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lesion size or the appearance of new small lesions during in
the first months of therapy), likely due to the on-site migra-
tion of T cell [63]. Therefore, each response other than SD
was confirmed with a subsequent radiological assessment at
least one month after. Nevertheless, the clinical design of our
study leaves to speculation any pathophysiological consid-
erations. The small sample size makes the study unpowered
thus limiting result generalization in a broader context. Dif-
ferent demographic, anthropometric, and clinical settings are
indeed essential to build a comprehensive and reliable pre-
diction model for testing the real predictive value of OPN.
This represents the main limitation of the study. Moreover,
wide distribution and pleiotropic activities of OPN intrin-
sically still limit the identification of — and the extent to
which — OPN sources contribute to performance status, and
early/late response to pembrolizumab. In addition, OPN is
increasingly recognized as poor targetable molecule because

A

ECOGPS 1vs. 0 —{ =
ECOG PS 2 vs. ) —_— o
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PMN count e
OPN w
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MMP-8 =
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TIMP-1 N SW\"
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Fig.3 Osteopontin predicts late clinical response to therapies in
advanced non-small cell lung cancer. Performance status (ECOG;
Eastern Cooperative Oncology Group) White blood cell (WBC)
and neutrophil (PMN) counts, matrix metalloproteinase (MMP),
myeloperoxidase (MPO), osteopontin (OPN), and tissue inhibitor
of matrix metalloproteinase (TIMP) were tested as predictor of and
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of its pleiotropic activity. Rather, we expected more for clini-
cal studies addressing the prognostic role of OPN. OPN is
an upstream biomarker directly released by macrophage
and meets basic requirements for a good biomarker, being
easy to detect and quantify in different biological samples
through affordable assays. The biomarker we are looking for
should not inform on 5-year OS only, but rather predict who
may have a benefit from immune checkpoint inhibitors. We
here suggest here that OPN may summarize determinants
of poor prognosis in advanced NSCLC: tumor aggressive-
ness, immunosuppressive microenvironment, and poor per-
formance status. Future studies are called to confirm our
preliminary findings in larger clinical cohorts, able to test
the value of OPN in adjusted models. We would pay particu-
lar attention to the role of visceral adipose tissue as a lead-
ing source of OPN. In the era of ‘reverse cardio-oncology’,
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late response defined by progression disease (PD) assessed by both
immune-related or not criteria IRECIST and RECIS, respectively)
and presented as hazard ratio (HR) with 95% confidence interval (CI)
(A to C). Models then built were then test at receiver operator charac-
teristic (ROC) curve analysis (D)



207

Lung (2024) 202:197-210

unerdoqres + aprsodole :DF ‘unedsio + ap1sodole :dq ormeuss urejord Anowonosads ssew (JOI-IATVIA) WSIP-JO-own) UoneZIuor

uondIosop 19se[ PAISISSE XIIJEW € U0 paseq Jood 10 poos 1oy3Ie se sjuaned soyIsse[d 159} JeNSLIOA JeNSTIOA AdeIoyIoIpel [y {TeAISIUT Q0UPYUO0D J) ‘AdBIoyioIper [y JoxXe100p (7 ‘ourqeirowos
o ‘ourqaroura A ‘unerdoqred ) ({[oxelroed J [BAIAINS [[RIOAO §O ‘Oljel pIezey Y ‘onel sppo yo ‘unuododso NJO ‘swsiydiowAjod apnosjonu 9[3uts FNS ‘1ooued Junj [[99-[[eWs-uou ) 7ISN

([1$°2T—99'T] #6' AH) ASU YIedp 1Yy
)M PAIBIOOSSE Sem NJO JO S[QAJ] JUSWILAN-I)J. U 9SeIou] m

Kdeoyjorper Jnoym
10 YIm DF 10 49 Yim Aderoyowayd yim pajear],

asuodsar Juounyearn oy amy) = DTDSN pasueApy
M PAIB[R1IOd NJO JO S[AJ] Judunean — -a1d jou Inq — 101y m SUOTIEIIUIUOD WINIS 96 0202 [¢L] Te1R D nX
(Ov0'0=d*[10'T —00°T] 10°'T ¥H) SO PUe (6100 Puan
103 d) 9suodsai [eoturd 9s1om poIPaId os[e S[Ad] NdO YSIH = QEUWN[OAIN
(9000 =d) uoping sneiselour pue (6700 puen 1oy d) o auy) = im parean (AT 10 qIII JANL) D' TOSN parean-aid pasueapy
Sd-DODH ‘SMels AIoJewweyul YIIm pajeIdosse sem NJQ ulfeseq m SUOTJEIJUOUOD WINIJS [BLIOS M ¥L 6102 [2L] Te 19 4 Quoqie)
[o1u09 [euoISa1090] Jo SO Teah-G Jou Ing ‘(100°0<d [66°C (191un0)) [9qR[-NNIA I0I0IA JB[[EA\) W 593e)s JUAIRYIP 1 D TDSN PAOUBAPY
— L¥'1] 60°C YH) SO TBaA-¢ YIIm pajeIdosse Auedyrusis sem NJO SUOTIBIIUIUOD WINIGS LEE  610T [1L]'T8 12 ¥ D{suimng
(Z0'0=d) SO jo 10301pa1d Juspuadopur sem NJO = (payeinux
uon (-d10D azodI[[IA) m AADHF-uou (o, =u) quuNopd pue (/¢ =u) Aderoyjowayd o3eAres
-EOYISSE[D JENSLIOA YIIM PAJeIoosse ANYST Apuesyrusis sem NJO = dVIN @XdTdI'TTIN = LTl 810T [oL] ‘e 10 (A 301P1T
([z9-€118 I
SLI Y1eap pasearour A[JUedyIusis Judunean) Ia)ye s[A] NdO Sulsry m
(€0'0=d) SO poonpa1 03 pa[ NJO JO S[oA9] Juounean-a1d ySt m
[9°9 - €11 6'C W) osdefar jo ysLr 1oy3Iy
IIM PIJBIOOSSE SEM JUSW)Ea) SuLInp S[oAd] NJO Suiseaiouf/oiqels m
(10:0=d) ssoy 1ySrom pue (siutod owmn q[e 1e 1000 >d) + N (Pr119D = ¥ 01 sa1epIpued HTISN d[qesadout pasueApe AJ[ed0]
‘(€0°0=4d) a8e3s I, yirm pJeIoosse d1om S[9Ad] NJO Iueuwiean-aid m SUOTJEIJUOUOD WINIJS [BLIOS M 69 +10T [69] Te 10 D IowraysQ
uorseaur oneydwA]
10 Je[noseaoror ‘Temnafd yim syuaned ur 10yS1y sem NJO WNIOS m
([LL0 = STT0 1D%S6] +1°0 ¥H) 2dKioisty pue a3ess jo Apuep o ayy) = K1o8ms-a1d
-uadopur NJO Iomo] 2y ur 1oy31y sem A193Ins 10)Je [BAIAINS TBIA-C W SUOTIEIIUIUOD WINIS e €102 [89] T 19 Al eYRUYE],
zipeu A1031ns-)sod woIj pajeas[o sem asdefor e NJO = (sorI0jRIOqR T 8D
K1331ns [eo1per 191Je 9seaIdop Apuedoyiusis NJO m  -ISojorgounwwi]) SUONBIUIIUOD WNIOS W DTOSN a3eis-A[res A1o8ins-axd 09 10T [£9] ‘Te 19 Qr Jeqselrg
d pue D+ A SA D+ Sunednsaaur [ern [ aseyd
(100°0>d :1Z°0 *9H) SO pue (100'0=d Oy ourynuenb qpy) = ODTOSN padsueApe
$€7°0 “IH) SAd Ioneq pamoys 2nrenb 1somof ) ut NdO = SUOTIEIIUQIUOD WINIS 1L 6002 [99] 'Te 10 S eS|
ourwrezed
(100°0>d -eI1) JNOYIIM JO (im [oxeyroed/unerdoqreds Jo ern I oseyqd
‘60" T=¥H) SO Pue (10°0=4d :50'T="4H) Sdd 1oneq pue (¢0'0=d (ny eurynuenb (q29y) = OTOSN O1BISEIoW/PISUBAPY
£2°7 J0) 2suodsar Jo a1e1 YS1y pourLIp S[OA] NJO 1omoT m SUOTJEIIURIUOD WINIAS M LT 800T [$9] Te 39 Dd YoBIN
(€000=d)
NdO Sune[noIr uo 2oudnyul JUBIYIUSIS B pey 9[- N I8 UOTELIEA m 1910wo01d udd NJO Ul SINS =
(€000 puan 10§ d) NdO (Ony surynuenb qpy) = sisougerp 12 ) TOSN
WINIAS JO JUBUIULIANP Judpuadapur AJUO JY) sem IseISIp Jo a3eIs m SUOTIBIIUIUOD WINIG m 0€l  L00T [#9]'Te 10 SA Suey)
SINSOY poyjowr Kessy UQWISOI JUSWIEDI) PUE SjuSned  JeX loyny

unuodo9)so Jo s[aAd] Sunenair jo 9[ol onsoudold e Junzodar sarpms [eo1UI) G djqel

pringer

As



208

Lung (2024) 202:197-210

establishing whether OPN entangles dysfunctional adipose
tissue and cancer risk is a relevant question to be solved.

Indeed, they are both influenced by senescence processes,
of which OPN is emerging as a pillar. The study of dynamic
changes in serum OPN is another—easy to implement—
limitation that would add information on treatment response.

In conclusion, we here reported a substantial associa-
tion of OPN with performance status and short/long term
outcomes in patients with advanced NSCLC candidate to
pembrolizumab-based regimens. Although preliminary, our
data indicate a potential predictive role that would consider
local and systemic determinants, basically related to senes-
cence processes.
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