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Abstract: An immune checkpoint blockade with mAbs to PD-1 and PD-L1 is an expanding therapeu-
tic option for mNSCLC patients. This treatment strategy is based on the use of mAbs able to restore
the anti-tumor activity of intratumoral T cells inhibited by PD-1 binding to PD-L1/2 on tumor and in-
flammatory cells. It has been speculated that a chronic status of systemic inflammation as well as the
immunosenescence physiologically occurring in elderly patients may affect the efficacy of the treat-
ment and the occurrence of irAEs. We performed a multi-institutional retrospective study aimed at
evaluating the effects of these mAbs (nivolumab or atezolizumab) in 117 mNSCLC patients younger
(90 cases) and older (27 cases) than 75 years in correlation with multiple inflammatory parameters
(NLR, CRP, ESR, LDH and PCT). No differences were observed when the cohorts were compared in
terms of the frequency of PFS, OS, inflammatory markers and immune-related adverse events (irAEs).
Similarly, the occurrence of irAEs was strictly correlated with a prolonged OS survival in both groups.
On the contrary, a negative correlation between the high baseline levels of inflammatory markers
and OS could be demonstrated in the younger cohort only. Overall, PD-1/PD-L1-blocking mAbs
were equally effective in young and elderly mNSCLC patients; however, the detrimental influence of
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a systemic inflammation at the baseline was only observed in young patients, suggesting different
aging-related inflammation immunoregulative effects.

Keywords: immune checkpoint blockade; metastatic non-small-cell lung cancer; real-world evidence
study; age; inflammatory markers; immunotherapy; immunosenescence

1. Introduction

A peripheral immune checkpoint blockade (ICB) with mAbs to the programmed cell
death receptor-1 (PD-1; nivolumab or pembrolizumab) and to its main ligand (PD-L1; ate-
zolizumab, durvalumab or avelumab) alone or in combination with a number of different
chemo-radiation strategies is an expanding therapeutic option for common malignancies
including metastatic non-small-cell lung cancer (mNSCLC), malignant melanomas, head
and neck carcinomas and urothelial and kidney cancer [1,2].

These immune-based treatments may be very effective but they are also associated
with frequent immune-related adverse events (irAEs) and high costs [3-7].

Although the efficacy of these treatments in mNSCLC patients has been demonstrated
in several randomized clinical trials, poor information is available for the population of
patients older than 75 years who may have frequent comorbidities and a compromised T
cell-mediated immune response due to the physiological immunosenescence process.

In this light, there is a large amount of evidence showing a physiologically-based
immunological impairment progressively occurring along with aging. This phenomenon,
termed immunosenescence, has become an active field of investigation with the expanding
use of an ICB in the treatment of human malignancies. It consists of a poorly characterized
progressive decline of all immune functions related to a dynamic process of immune
remodeling and adaptation naturally occurring along with the whole lifespan of each
individual patient [8,9]. In this context, several pathogens such as the respiratory syncytial
virus, influenza and para-influential viruses or Sars-Cov-2 that generally present a milder
infection course in younger individuals may become fatal in elderly patients [10-12].

In light of this knowledge, many clinical investigators have hypothesized that both
the efficacy and the safety of PD-1/PD-L1-blocking mAbs might significantly change
in mNSCLC patients in parallel with their own aging. A large amount of data may be
cautiously collected from those patients who have received these treatments in a real-world
setting [12], showing good results in comparison with younger patients in terms of both
OS and the safety profile [13].

We performed, therefore, a retrospective multi-institutional age-related analysis of
mNSCLC patients who underwent a PD-1/PD-L1 mAbs treatment and correlated their
outcome with multiple clinical, biological and inflammatory markers.

2. Materials and Methods
2.1. Patients, Treatment and Monitoring

This work was part of a retrospective real-world evidence (RWE) multi-institutional
database study that included 117 chemo-refractory mNSCLC patients consecutively en-
rolled to receive a salvage therapy with an anti-PD-1 (nivolumab) or an anti-PD-L1 (ate-
zolizumab) mAb at the OU-RC, MOU-CZ and ROU-SI between September 2015 and April
2020 with a median follow-up time of 27 months [7,14].

The inclusion criterion was patients with mNSCLC with an age > 18 years who
progressed during or after 1st line chemotherapy (platin doublets).

The exclusion criteria were patients with a background of autoimmune diseases in an
active phase (such as ulcerative colitis and Crohn’s disease with the exclusion of diabetes
and thyroiditis) and patients who had a solid organ transplantation.
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In our retrospective analysis, our patients were categorized into two cohorts including
younger patients (90 cases) and patients older than 75 years (27 cases). For the whole
population, the median age was 69 years, mean 67 & 9 years, range 44-85 years.

All patients gave an informed consent for the anonymous use of their clinical data
for the research aim. All procedures were undertaken in compliance with the ethical
statements of the Helsinki Declaration (1964, amended most recently in 2008) of the World
Medical Association and respect of their privacy.

All patients received a PD-1/PD-L1 blockade in a real-world setting as recommended
by the international guidelines and regulative agencies following the standard proce-
dures of administration for each drug. All patients, according to their specific disease,
received nivolumab (intravenous infusion of 3 mg/kg every two weeks) (84 patients) or
atezolizumab (intravenous infusion of 1200 mg every three weeks) (33 patients) until the
disease progression or the occurrence of severe adverse events. All patients were fit for
treatment (Eastern Cooperative Oncology Group (ECOG) performance status < 1). A
complete physical examination report and histological sampling as well as hematologic,
biochemical, immune-biological, radiological and instrumental monitoring were available
at the baseline. The clinical history, physical examinations and records of adverse events
were evaluated prior to each drug infusion. A CT scan was performed every 3 months or
in any case of suspected progressive disease (PD) and evaluated according to the immune
Response Evaluation Criteria in Solid Tumors (iRECIST 1.1) [15].

All patients were monitored for blood cell counts and biochemistry prior to each
treatment course and were also monitored for their adrenal hormone profile, ACTH,
TSH, thyroid hormones, anti-thyroid autoantibodies (AAbs), extractable nuclear antigen
antibodies (ENA), anti-nucleus antibodies (ANA), anti-smooth cell antibodies (ASMA) and
¢/ p-anti-neutrophil cytoplasmic antibodies (ANCA) each month from the beginning of the
treatment as reported in a previous study [16-18].

2.2. Statistical Analysis

Both the baseline and AParameters were compared in the two cohorts of patients with
a chi-squared analysis.

In order to perform a statistical correlation among the continuous inflammatory
parameters at the baseline and the outcomes, we used the median values as a cut-off. For
AParameters, the cut-off was set as 0, dividing the cohort into two subsets of patients who
showed an increase or a decrease in the parameters during the immunotherapy. The time
to events were analyzed with the Kaplan—-Meier method and the statistics were performed
by a log-rank test. The median survival and 95% confidence intervals were reported. The
median follow-up was estimated with the reverse method. Hazard ratios (HRs) and their
95% confidence intervals were estimated through the Cox regression proportional model;
in the multi-variate approach, a forward stepwise procedure was used and the enter and
remove limits were set to 0.05 and 0.10, respectively.

The association of the frequency of irAEs with the biological parameters and the
clinical outcome in the two patient cohorts was assessed by a chi-squared test. The statistics
were performed by SPSS software 23.0 (International Business Machines Corp., New York,
NY, USA).

3. Results
3.1. Features and Clinical Outcomes of the Patients

Our retrospective analysis was performed on a cohort of 117 patients with mNSCLC
who had been consecutively enrolled to receive a salvage therapy with nivolumab or
atezolizumab between November 2015 and April 2020. In our series, there were 97 males
and 20 females and 27 cases older than 75 years (Table 1). We recorded a median PFS and
OS 0f 9.2 (95% CI; 5.4-13.0) and 17.9 (95% CI; 15.0-20.8) months, respectively, with a median
follow-up of 27 months. We compared both clinical parameters among the two age-related
cohorts of patients and found no difference in term of PFS (< 74 vs. > 75-year-old = 8.3
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overall survival

Age < 75years Age >

(4.1-12.5) vs. 10.1 (2.0-18.2), p = 0.63) and OS (< 74 vs. > 75-year-old = 17.9 (14.9-20.9) vs.
18.2 (8.8-27.6), p = 0.90) (Figure 1a,b).

Table 1. Distribution of the parameters (at the baseline and their variations during the immunother-
apy: AParameters) among the two cohorts of patients. A chi-squared analysis was used to compare
the parameters among the two cohorts. Values are mean + SD.

Parameters Younger Patient Cohort Older Patient Cohort p-Values
(Age < 74) (Age > 75)

Neutrophils 53435 46+£23 0.59
Lymphocytes 29+104 1.4+07 0.23
NLR 3.8+37 35+23 0.39
CRP 269 +42.7 18.8 £ 30.7 0.52
ESR 472 £31.8 49.7 £ 33.4 0.29
LDH 402.8 +286.7 3733 +£227.1 0.24
PCT 0.22 +0.50 01+01 0.86
ANeutrophils 7.5+ 20.1 45+91 0.18
ALymphocytes 1.5+49 27+46 0.23
ANLR 8.5+ 14.3 55+72 0.06
ACRP 10.2 £ 20.6 256 +71.7 0.14
AESR 8.8 £204 8.8 +21.9 0.14
ALDH 27+53 1.8 £5.1 0.70
APCT 73+122 54+69 0.54

progression-free survival

75 years

B

T T T [ 12 24 3
2 3 48
R time (months)
time (months)

- PFS6 PFS PFS Median
051 year 05 2 years 05 3 years Median months lyears 2years
Age<75 | 49.9% 28.9% 28.9% 11.4(7.2-15.7) Age< 75 44.4% 31.3% 21.9% 5.1(3.8-6.4)
Age>75 | 47.5% 34.6% 17.3% 8.5 (0-20.5) Age > 75 51.3% 31.3% 16.5% 6.2 (3.8-8.6)

Figure 1. Kaplan-Meyer curves. (a) Overall survival (OS) and (b) progression-free survival (PFS) of metastatic non-small-cell

lung cancer (mMNSCLC) patients under treatment with nivolumab or atezolizumab divided into two age-related groups: age

< 75 years (blue) and age > 75 years (green). In our series, we did not find any correlation with age for both overall survival
(OS, patients < 74 years median OS 11.4 months, 95% CI 7.2-15.7 months vs. patients < 74 years median OS 8.5 months,
95% CI 0-20.5 months, p-value: 0.88) and progression-free survival (PFS, patients < 74 years median PFS 5.1 months, 95%
CI 3.8-6.4 months vs. patients > 75 years median OS 6.2 months, 95% CI 3.8-8.6 months, p-value: 0.88).

Additionally, no differences in terms of PFS (p: 0.56) and OS (p: 0.42) were seen in the
patients receiving anti-PD-1 vs. the patients receiving anti-PD-L1.

3.1.1. Baseline Systemic Inflammation Status and the Occurrence of Autoimmunity

We subsequently evaluated the baseline inflammatory status in the two cohorts and
found no difference in the baseline values of NLR, CRP, ESR, LDH and procalcitonin
(PCT) as well as of treatment-related changes in the neutrophil counts (baseline vs. third
treatment cycle—Delta N) (Table 1). This selection of inflammation biomarkers was based
on the screening protocol that was used before each treatment course [6,16,17,19] although
other inflammation biomarkers deserved to be investigated (serum amyloid A, cytokines,
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alpha-1-acid glycoprotein, plasma viscosity, ceruloplasmin and hepcidin among others).
We compared the frequency of irAEs between the two cohorts of patients. In our series, the
majority of adverse events were g 1-2, mainly involving poly-arthropathy in 70% of all irAE
cases, thyroiditis in 25% of all irAE cases, autoimmune pneumonitis in 15% of the cases
and reversible deficiency of the adrenal gland in 10% of the cases. There was contemporary
evidence of multiple irAEs and no cases of hypophysis, ulcerative colitis or Crohn’s disease
were recorded. We found no significant difference in the risk of autoimmunity (38.9%
(35/90 cases) vs. 37.0% (10/27 cases), p = 0.86).

3.1.2. Prognostic Influence of the Baseline Systemic Inflammation Status and the
Occurrence of Autoimmunity in Patients Treated with PD-1-Blocking mAbs

In our series, we found that the baseline expression of NLR, PCR, ESR and PCT above
the median value was strongly correlated with a worse prognosis in the younger cohort of
patients in terms of OS (Figures 2a,c,e and 3a). On the other hand, no correlation could be
demonstrated in the older cohort of patients (Figures 2b,d,f and 3b).

NLR ESR PCT
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[T c B
o0 § ] M 9 n S
< @ & | . & | -
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Figure 2. Overall survival considering the inflammation status parameters among the two cohorts of patients. The analysis
showed that in the younger patient cohort (age < 74 years), the parameters that were statistically significant were: (A,B) the
neutrophile to lymphocyte ratio (NLR) (NLR < median value median OS of 24 months vs. NLR > median value median OS
of 18 months, p-value 0.038); (C,D) erythrocyte sedimentation rate (ESR) (ESR < median value median OS of 49.5 months
vs. ESR > median value of 24 months, p-value 0.012); and (E,F) procalcitonin (PCT) (PCT < median value of 49 months vs.
PCT > median value of 24 months, p-value 0.031). In the older patient cohort (age > 75 years), these parameters were not

significantly correlated.

In the dynamic evaluation of AParameters, only the treatment-related increase in
neutrophil counts, evaluated as AN, correlated with a worse outcome in older patients
with no effect in the younger cohort (Figure 3c,d).

3.1.3. Prognostic Relevance of irAEs in Patients Treated with PD-1-Blocking mAbs

In the present study, we confirmed this correlation on the overall population (OS in
patients with irAEs vs. those without irAEs: 20.5 (14.1-26.9) vs. 12.4 (7.4-17.4) p = 0.04)
that showed similar features within the two age-related cohorts of patients but failed to
achieve a statistical significance due to the low sample size (OS in younger patients with
irAEs vs. without irAEs; 20.4 (17.8-23.0) vs. 11.4 (5.9-16.9) p = 0.13 and OS in older patients
(> 75 years old) with irAEs vs. without irAEs; 25.0 (11.5-38.5) vs. 14.1 (3.0-25.1) p = 0.10).
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Figure 3. Overall survival considering the inflammation status parameters among the two cohorts of patients. The
analysis showed that in the younger patient cohort (age < 74 years), the C-reactive protein (CRP) parameter (A,B) was
statistically significant (CRP < median value of 44 months vs. CRP > median value of 24 months, p-value 0.045). In the
older patient cohort (age > 75 years), the only parameter that significantly correlated with a greater survival was the
decrease of neutrophils (C,D) (ANeutrophils < 0 median OS of 48.2 months vs. ANeutrophils > 0 median OS of 20.5 months,

p-value 0.008).

4. Discussion

Our retrospective multi-institutional analysis conducted in a real-world setting con-
firmed the efficacy and safety of the PD-1-ICB treatment in patients older than 75 years
with mNSCLC. No differences were observed in terms of PFS, OS and frequency of irAEs
when compared with a cohort of younger patients (<74 years old) who received a parallel
treatment in the same time period. These data are in line with the results of previous
studies reporting the efficacy and the safety of anti-PD-1 and anti-PD-L1 mABs in elderly
patients [20-23]. The majority of these studies, however, chose a cut-off of 65 years accord-
ing to the international guidelines and may not clearly reflect the actual elderly population
affected by lung cancer. Due to the small number of elderly patients (>75 years) with mN-
SCLC included in the clinical trials of immunotherapy and the issues of immunosenescence,
the efficacy of PD-1-ICB among the subset of elderly patients remains unclear [13,24,25].
We chose the cut-off of 75 years as patients > 75 years of age demonstrated the greatest
disparity between the cancer diagnosis and the clinical trial representation [26]. It is note-
worthy to underline that this cut-off was also chosen in many recent studies focusing on the
efficacy of PD-1-ICB in elderly NSCLC [27,28]. The percentage of lung cancer cases reached
24.7% in patients > 75 years [29] so our cohort was in line with the existing literature.
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The novelty of our study is the investigation of the correlation between inflammation
and the outcomes in age-dependent subsets of patients. We firstly evaluated if the patient
outcome might be affected by a high inflammatory status at the treatment baseline and
we found that high serum levels of most recognized inflammatory markers such as NLR,
CRP, ESR and PCT were inversely correlated with the overall survival in the subset of
younger patients. Conversely, these inflammatory markers did not correlate with survival
in elderly patients. There is much evidence that a long-lasting inflammatory status in cancer
patients may affect the existing balance between immune cell-mediated destruction and
the growth of cancer cells in tumors, resulting in an accelerated progression of the disease
and a worse prognosis [1,30-34]. We hypothesized, therefore, that elderly patients often
present a much longer history of smoking and broncho-pneumopathies and, consequently,
they achieve a different immunological habitus that is no longer affected by inflammation-
related inhibitory pathways [20-22]. At the same time, the gut microbiome also plays a
pivotal role in shaping systemic immune responses and is known to influence the efficacy
of immune checkpoint inhibitors [35,36]. Despite the knowledge of the influence of sex,
age and diet on the gut microbiome, little is known to what extent these parameters can
affect the response to immunotherapy [37,38].

On the basis of these data, it can be hypothesized that the immune system and the
inflammatory profile can act in different ways in younger and elderly subsets of patients.

In elderly patients, a coexisting chronic inflammation in mNSCLC patients may
still affect the immune balance between the immune system and cancer growth, affect-
ing the anti-tumor activity of T cells and promoting the mechanisms of cancer-immune
escape [39-43]. This hypothesis was supported by the rise in the neutrophil counts occur-
ring upon ICB administration, predicting a worse prognosis in the older cohort of patients
but not in the younger one where there was only a trend towards a significance.

The correlation between the rise in the neutrophil counts and the poor outcomes could
also be related to a rise in procalcitonin due to a bacterial influence or to other causes, as
previously reported by our group [41].

In this regard, several studies have investigated different parameters and nomo-
grams based on inflammation and various hematological variables in order to predict the
prognosis of NSCLC patients such as the neutrophil /lymphocyte ratio [44], the thrombo-
cyte/lymphocyte ratio [45], the C-reaction protein-to-albumin ratio [46] and the systemic
immune inflammation index [47]. Despite the known effects of age on the inflammation
profile [48,49], it is noteworthy to underline the insufficient exploration of this correlation
in lung cancer.

Palomar-Abril et al. recently investigated this correlation in a cohort of 124 patients
(84 young and 40 older) and found a higher median CRP, a lower hemoglobin level
and leukocyte count and a lower prognostic nutritional index in the older cohort [50].
Unfortunately, the authors did not correlate these parameters with the outcomes.

The investigation of the role of inflammation in lung cancer is pivotal to increase the
therapeutic ratio especially in patients undergoing immunotherapy [51,52]. In this context,
the relationship between the cancer cells and the immune system can be categorized into
three cancer-immune phenotypes: the immune-desert phenotype, the immune-excluded
phenotype and the inflamed phenotype [53]. Each phenotype is associated with different
underlying biological mechanisms that aid the cancer cells to prevent the immune response
of the host but the role of ageing of both the immune system and the patient should
be better investigated to understand to what extent ageing can affect the outcomes of
immunotherapy. Unfortunately, we were not able to perform this type of analysis in our
retrospective evaluation.

Finally, in previous studies, it has been shown that both the occurrence of irAEs and
a rise in AAbs are strictly associated with the T cell engagement and/or rescue operated
by an immunomodulating treatment including a PD-1 blockade [7]. It was shown that the
occurrence of irAEs was often correlated with either the treatment response or a prolonged
survival in several clinical studies including mNSCLC and colorectal cancer [7,54-58]. Our
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results are in line with the literature in both subsets of patients although the results failed
to achieve a statistical significance due to the low sample size.

5. Conclusions

We can conclude that the age of mNSCLC patients with no severe comorbidities and
a good performance status should not be considered as a criterium for excluding them
from treatment with PD-1/PD-L1 mAbs. Additionally, on the basis of our results, we
believe that a major effort should be made to understand and overcome the detrimental
effect of systemic inflammation in mNSCLC patients in order to improve PD-1/PD-L1
blockade immunotherapy.
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