:\' frontiers

In Immunology

ORIGINAL RESEARCH
published: 10 November 2021
doi: 10.3389/fimmu.2021.697298

OPEN ACCESS

Edited by:
Hubing Shi,
Sichuan University, China

Reviewed by:

Francesca Colonese,

San Gerardo Hospital, Iltaly

Daniele Santini,

Campus Bio-Medico University, Italy

*Correspondence:
Alberto Bongiovanni
alberto.bongiovanni@irst.emr.it

Specialty section:

This article was submitted to
Cancer Immunity

and Immunotherapy,

a section of the journal
Frontiers in Immunology

Received: 19 April 2021
Accepted: 08 October 2021
Published: 10 November 2021

Citation:

Bongiovanni A, Foca F, Menis J,
Stucci SL, Artioli F, Guadalupi V,
Forcignano MR, Fantini M, Recine F,
Mercatali L, Spadazzi C, Burgio MA,
Fausti V, Miserocchi A and Ibrahim T
(2021) Immune Checkpoint Inhibitors
With or Without Bone-Targeted
Therapy in NSCLC Patients

With Bone Metastases and
Prognostic Significance of
Neutrophil-to-Lymphocyte Ratio.
Front. Immunol. 12:697298.

doi: 10.3389/fimmu.2021.697298

Check for
updates

Immune Checkpoint Inhibitors
With or Without Bone-Targeted
Therapy in NSCLC Patients With
Bone Metastases and Prognostic
Significance of Neutrophil-to-
Lymphocyte Ratio

Alberto Bongiovanni'*, Flavia Foca?, Jessica Menis**°®, Stefania Luigia Stucci®,

Fabrizio Artioli”, Valentina Guadalupi®, Maria Rosachiara Forcignand®, Manuela Fantini™°,
Federica Recine ", Laura Mercatali’, Chiara Spadazzi’, Marco Angelo Burgio "2,
Valentina Fausti’, Anna Miserocchi? and Toni Ibrahim

" Osteoncology and Rare Tumors Center (CDO-TR), IRCCS Istituto Romagnolo per lo Studio dei Tumori (IRST) “Dino
Amadori”, Meldola, Italy, 2 Unit of Biostatistics and Clinical Trials, IRCCS Istituto Romagnolo per lo Studio dei Tumori (IRST)
“Dino Amadori”, Meldola, Italy, 3 Department of Surgery, Oncology and Gastroenterology, University of Padova, Padova, Italy,
4 Medical Oncology Department, Istituto Oncologico Veneto IRCCS, Padova, Italy, ® Medical Oncology, Department of
Medicine, University of Verona, Azienda Ospedaliera Universitaria Integrata (AOUI) di Verona, Verona, Italy, ¢ Medical
Oncology Unit, Policlinico Hospital of Bari Department of Biomedical Sciences and Human Oncology University of Bari “A.
Moro”, Bari, Italy, 7 Division of Medical Oncology, Ramazzini Hospital, Carpi, Italy, € IRCCS National Cancer Institute (INT),
Milan, Italy, © UOC di Oncologia Medica Ospedale Sacro cuore di Gesu, Gallipoli, Italy, '© Oncology Unit, Infermi Hospital,
Rimini, Italy, " San Camillo De Lellis Hospital, ASL Rieti, Rieti, ltaly, ' Department of Medical Oncology, IRCCS Istituto
Romagnolo per lo Studio dei Tumori (IRST) “Dino Amadori”, Meldola, Italy

Introduction: Bone metastases (BMs) are a negative prognostic factor in patients with
non-small cell lung cancer (NSCLC). Although immune-checkpoint inhibitors (ICIs) have
dramatically changed the therapeutic landscape of NSCLGC, little information is available on
BMs from NSCLC treated with ICIs alone or in association with bone-targeted therapy
(BTT) such as zoledronate or denosumab.

Methods: From 2014 to 2020, 111 of the 142 patients with BMs secondary to NSCLC
extrapolated from the prospective multicenter ltalian BM Database were eligible for
analysis. Information on blood count, comorbidities, and toxicity was retrospectively
collected. The neutrophil-to-lymphocyte ratio (NLR) pre- and post-treatment was
calculated. Survival was analyzed using the Kaplan-Meier method, with statistical
significance of survival differences assessed using the log-rank test.

Results: Median age was 66 (range, 42-84) years. Performance status (PS) Eastern
Cooperative Oncology Group (ECOG) was 0—1in 79/111 patients. The majority of patients
(89.2%) had adenocarcinoma histology. At a median follow-up of 47.4 months, median
progression-free (MPFS) and overall survival (mOS) was 4.9 (95%Cl, 2.8-10.0) and 11.9
(95%CI, 8.2-14.4) months, respectively. Forty-six (43.4%) patients with BM NSCLC
underwent first- or further-line therapy with ICls: 28 (60.8%) received nivolumab, 9 (19.6%)
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pembrolizumab, and 9 (19.6%) atezolizumab. Of the 46 patients treated with ICls, 30
(65.2%) underwent BTT: 24 (80.0%) with zoledronate and 6 (20.0%) with denosumab.
The ICl-alone group had an mOS of 15.8 months [95%Cl, 8.2-not evaluable (NE)] vs. 21.8
months (95%Cl, 14.5-not evaluable) for the ICl plus BTT group and 7.5 (95%Cl, 6.1-10.9)
months for the group receiving other treatments (p < 0.001). NLR <5 had a positive impact

on OS.

Conclusion: BTT appears to have a synergistic effect when used in combination with
ICls, improving patient survival.

Keywords: immune checkpoint inhibitors, NSCLC, bone metastases, zoledronate, denosumab, lung cancer

INTRODUCTION

Lung cancer remains, independently of gender, one of the
leading causes of cancer death worldwide (1). Despite the
therapeutic breakthrough following the development of
molecular-targeted therapies and immune checkpoint
inhibitors (ICIs), the prognosis of patients with metastatic
disease, albeit highly variable, remains poor (2). Previous
studies and routine clinical practice have confirmed that ICIs
show good tolerance and clinical efficacy in patients with
advanced or recurrent non-small cell lung cancer (NSCLC) in
both first- and further-line settings (3-9). Nevertheless, the effect
on specific subgroups warrants further investigation.

The bone is one of the most common sites of metastasis in
NSCLC, with 30-66% of patients developing bone metastases
(BMs) during the course of their disease (10). BMs usually
appear as mainly lytic, mainly osteoblastic, or mixed lesions
and are excluded from Response Evaluation Criteria in Solid
Tumors (RECIST) because they are difficult to measure (11). For
this reason, in 2004, Hamaoka et al. developed the MD Anderson
response classification criteria (MDA criteria), which are specific
for the assessment of BMs (12, 13).

Recently, a negative effect of BMs was seen in large
populations of NSCLC patients treated with nivolumab,
independently of the presence of brain or liver metastases or of
poor Performance Status (PS) (14, 15). One explanation for this
may be related to the immunosuppressive status of the tumor
microenvironment (TME), which, in some patients, cannot be
effectively reversed after ICI therapy (16).

In a preclinical breast cancer mouse model, a combination of
anti-PD-1 antibody plus zoledronic acid induced a better antitumor
response than untreated controls or single-agent treatment, without
significant toxicity (17). The RANKL/RANK signaling pathway
also appears to modulate the immune microenvironment and
enhance the efficacy of anti-CTLA-4 and anti-PD-1 monoclonal
antibodies against solid tumors. This positive synergistic effect has
also been suggested in real-world studies on patients with metastatic
melanoma and NSCLC (18, 19).

In addition to PD-L1 expression, tumor mutational burden,
and mismatch repair deficiency or microsatellite instability,
several other potential biomarkers have been investigated or
are currently under evaluation (20). Despite the large-scale use of
immunotherapy in early and advanced NSCLC, there are still no

validated or reliable predictive biomarkers of response or
resistance to immunological agents (2).

Although some authors have reported a predictive and prognostic
role of the neutrophil-to-lymphocyte ratio (NLR) in patients with
advanced NSCLC undergoing different systemic treatments, its role
in NCSLC patients with BMs has yet to be clarified (21-26).

Given the above premises, we decided to investigate the efficacy
and safety of ICIs in NSCLC patients with BMs treated with
zoledronate or denosumab, usually referred to as bone-targeted
therapy (BTT). We also explored the relationship between bone
response and tumor control in patients treated with ICIs and
evaluated the potential predictive and prognostic role of NLR in
this population.

MATERIAL AND METHODS

Study Design, Patients, and Treatment
The present analysis was performed on information extrapolated
from our Bone Metastasis Database (BMDB) and from
retrospectively collected data. The Italian BMDB was a
prospective, observational multicenter project designed to collect
data on BMs from solid tumors. Details on the project and its main
inclusion and exclusion criteria have been described elsewhere (27).
Briefly, we extrapolated data on patients aged >18 years, with a
histological or cytological diagnosis of NSCLC, treated for
advanced disease, and with Eastern Cooperative Oncology
Group (ECOG) Performance Status (PS). Patients included in
the analysis had received at least one dose of ICIs as first- or
further-line treatment. Blood count, comorbidities, presence of
brain metastases, and safety information were retrospectively
collected. NLR was calculated by dividing neutrophils and
lymphocytes measured in peripheral blood. We recorded the
NLR before ICI +/— BTT treatment and at response. This study
was conducted in accordance with the International Conference of
Harmonization Guidelines for Clinical Practice and the principles
laid down in the 1964 Declaration of Helsinki. The protocol was
approved by the Institutional Review Board of each participating
center. All patients provided written informed consent.

Outcome Measures
Tumor response was assessed using RECIST criteria version 1.1
(28). Investigator-assessed progression-free survival (PFS) and
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overall survival (OS) were evaluated. OS was calculated for all
patients as the time between the fist diagnosis of BM and the date
of death or date of last follow-up visit. PFS was calculated for the
subgroup of patients undergoing ICI +/— BTT as the time from
the start of treatment until the first documented evidence of
progressive disease (PD) or death, whichever occurred first.
Patients were monitored for adverse events (AEs) using the
National Cancer Institute Common Terminology Criteria for
Adverse Events v4.0. MDA criteria were used to evaluate bone
response (12, 29). A multidisciplinary group dedicated to bone
evaluation was involved to better clarify the bone response (30).

Statistical Analysis

Objective response rate (ORR), PES, OS, and safety were
assessed. Reverse Kaplan-Meier method was used to estimate
median follow-up. Efficacy and safety analyses were conducted
on all patients who received at least one ICI dose. The chi-square
test was used to evaluate the association between patient
characteristics and ORR. PFS and OS were estimated using the
Kaplan-Meier method, and 95% confidence intervals (95%Cls)
were reported. Differences between survival curves were
evaluated with the log-rank test. The Wilcoxon signed-rank
test was used to compare pre- and post-treatment NLR values.

Lung Cancer Bone
metastases patients
extrapolated by BMDB
Totn® =142

NSCLC Patients with Bone

—

Metastases
n° 124
cases excluded
because no outcome
> info
n°9

BM NSCLC cases with
outcome information
n°115

—

BM NSCLC cases with info
required
n°111

FIGURE 1 | Flow chart of patient selection.

RESULTS

Patient Characteristics

From January 2014 to December 2020, 142 patients with BMs
were selected from the lung cancer cohort of our BMDB, and 111
(78.2%) were eligible for analysis. Median age was 66 years
(range, 42-84). Forty-six (43.4%) of the 111 patients had been
treated with an ICI, 28 (60.8%) with nivolumab, 9 (19.6%) with
pembrolizumab, and 9 (19.6%) with atezolizumab (Figure 1).
Thirty-five patients only had one comorbidity (cardiovascular),
while 44 patients had more than one comorbidity (Table 1 and
Supplementary Table S1).

Twenty (18.0%) patients only had BMs. Of those with both
BMs and visceral metastases (n = 91, 81.9%), 18 (22.0%) also had
brain lesions. The majority of patients had mainly osteolytic BMs
(n =77, 77.0%), 6 (6.0%) had mainly osteoblastic BMs, and 17
(17.0%) had mixed BMs. This information was not available for
11 patients. Fifty-four (48.7%) patients had multiple (>6) bone
metastases, 33 (29.7%) had two to six BMs, and 24 (21.6%) had
only one BM. Only five patients (11.6%) received bone
radiotherapy (Supplementary Table S2).

We also recorded information on the molecular profile of
tumors. Epidermal growth factor receptor (EGFR) mutation was

cases excluded
because SCLC as
hystology
n°18

cases excluded
because no data on
treatment or other
reason
n°4
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TABLE 1 | Demographics and clinical characteristics of NSCLC patients (n = 111).

TABLE 2 | Biological characteristics of NSCLC patients (n = 111).

Patients
(n=111)
Median age, years, at diagnosis of first bone metastasis 66
(range) (42-84)
No. (%)
Age (years) at diagnosis of primary bone metastasis
<65 47 (42.9)
>65 64 (57.7)
Gender
Male 70 (63.1)
Female 41 (36.9)
ECOG PS at diagnosis of first bone metastasis
0 26 (30.6)
1 53 (62.4)
>2 6 (7.0)
Unknown 26
Histology
Adenocarcinoma 99 (89.2)
Squamous carcinoma 9 (8.1)
Large-cell carcinoma 1(0.9
Adenosquamous carcinoma 1(0.9
Undifferentiated 1(0.9
Grading (G)
1 2(4.1)
2 13 (26.5)
3 32 (65.9)
4 2(4.1)
Unknown 62
Presence of visceral metastasis
Yes 91 (82.0)
No 20 (18.0)
Presence of brain metastasis
Yes 18 (22.0)
No 64 (78.0)
Unknown 29
Presence of comorbidity
Cardiovascular 35 (42.2)
Cardiovascular + other* 10 (12.0)
Other® 5 (6.0)
None 33 (39.8)
Unknown 28

*Cardiovascular + other: 4 cardiovascular + diabetes; 1 cardiovascular + diabetes + renal
impairment + other; 1 cardcardiovascular + diabetes + other; 2 cardiovascular + renal
impairment; 2 cardiovascular + other.

SOther: 2 diabetes, 1 renal impairment; 1 other, 1 diabetes + renal impairment.

present in 12 (12.5%) cases and wild type in 84 (87.5%). c-Ros
oncogene 1 (ROS1) was rearranged in 3 (5.9%) patients and wild
type in 48 (94.1%). Anaplastic lymphoma kinase (ALK)
translocation was detected in 4 (5.6%) of the 67 patients in which
it was evaluated. Ten (28.6%) of the 35 patients analyzed for KRAS
(Kirsten rat sarcoma viral oncogene homolog) showed a
mutation (Table 2).

Patient Outcome

At a median follow-up of 41.4 months, the median OS (mOS) of the
entire population was 11.9 months (95%CI, 82-14.4). Of the 46
patient treated with ICIs, 30 (65.2%) underwent BT'T, 24 (80.0%) with
zoledronate, and 6 (20.0%) with denosumab. In all patients treated
with ICI +/— BTT, the median PFS (mPFS) and mOS were 4.9 (95%
CI, 2.8-10.0) and 19.2 (95%CI, 13.6-36.8) months, respectively.

No. (%)

EGFR

Mutated 12 (12.5)

Wild type 84 (87.5)

Not evaluated 12

Unknown 3
ALK

Translocated 4 (5.6)

Wild type 67 (94.4)

Not evaluated 26

Unknown 14
ROS1

Rearranged 3(5.9)

Wild type 48 (94.1)

Not evaluated 30

Unknown 30
KRAS

Mutated 10 (28.6)

Wild type 25 (71.4)

Not evaluated 48

Unknown 28
PDL1 (1)

<50% 29 (76.3)

>50% 9 (28.7)

Unknown 73
PDL1 (2)

<1% 14 (36.8)

>1% 24 (63.2)

Unknown 73

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, c-ros
oncogene 1; KRAS, Kirsten rat sarcoma viral oncogene homolog; PDL1, programmed
death-ligand 1.

No differences were seen according to the RECIST 1.1 criteria
response in the two groups (Supplementary Table S2).

With regard to bone response evaluated using MD Anderson
criteria, 10 (43.5%) patients obtained a partial response (PR)
following ICIs plus BTT, while only 2 (16.7%) obtained the same
response when treated with ICIs alone. In the latter group, stable
disease (SD) as a response was more frequent than in the
combination group (p = 0.042) (Supplementary Table S3).

Patients treated with ICIs plus BTT had an mOS of 21.8
months (95%CI, 14.5-NE) and a 24-month OS rate of 45.7%
(95%CI, 26.5-62.9); those undergoing ICIs alone showed an
mOS of 15.8 months (95%CI, 8.2-NE) and a 24-month OS of
30.8% (95%CI, 9.9-54.8); and the group receiving other
treatments had an mOS of 7.5 months (95%CI, 6.1-10.9) and a
24-month OS of 12.2% (95%CI, 5.4-21.9). This difference was
statistically significant (p < 0.001) (Figure 2).

There was no difference in PFS between patients treated or
not with BTT, although those receiving denosumab (n = 6) had a
better mPFS (15.9 months; 95%CI, 5.1-not estimable) than
patients treated with ICls alone or with zoledronate (p = 0.068).

Prognostic and Predictive

Factors Evaluation

There were no differences in PFS and OS in relation to the
number of BMs, type of BM, presence of visceral metastases, and
age (Figure 3). ECOG PS had an impact on OS but not on PES
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FIGURE 2 | OS by treatment.
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(Supplementary Table S5). No difterences in PES and OS were
seen in relation to PDL1 status and tumor molecular profile, with
the exception of KRAS mutations; patients with KRAS-mutated
disease had an mOS of 8 months (95%CI, 4.3-8.2-NE)
compared to 38.8 months (95%CI, 13.9-NE) for those with
KRAS wild-type tumors (Figure 4 and Tables 3, 4).

The mean NLR value in patients treated with ICI +/— BTT
was 4.08 [standard deviation (SD), 1.83]. A statistically
significant difference in OS was observed according to the
basal value of NLR (Figure 5A). In particular, patients treated

with ICIs alone or ICIs + BTT and with an NLR <5 had a better
mOS (21.8 months; 95%CI, 15.4-NE) than those with an NLR >5
(14.5 months; 95%CI, 5.6-32.9). This difference was significant
(p = 0.042) (Supplementary Table S6). There was also a positive
trend for PFS, with an mPFS of 9.3 months (95%CI, 3.3-25.4) in
the former group and 2.0 months (95%CI, 1.7-13.2) in the latter
group (Figure 5B) (p = 0.086). However, patients who obtained
PR or SD on ICIs +/— BTT showed a decrease in NLR with
respect to NLR at best response [basal NLR value, 3.52 (SD, 1.56)
vs. best response, 2.78 (SD, 1.64)] (p = 0.030) (Supplementary

100 Only ICI
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3
= 754
S
2
c
o
(2]
®
£ 504
<
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S 254 e L
a
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FIGURE 3 | PFS by treatment.
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Figure S1). Conversely, NLR increased in patients progressing
after ICIs +/— BTT [mean basal NLR value, 3.65 (SD, 1.42) vs.
5.18 at progression (SD, 2.79)] (p = 0.027).

Safety

Patients treated with ICIs had mild and reversible toxicities
(Table 5). In the combination group, six cases of grade (G)1
hypocalcemia, three cases of G1 renal toxicity, and one case of
osteonecrosis of the jaw were reported. One case of G2 renal
creatinine increase was recorded in the ICI-alone group. There
were few cases of G3 toxicities (arthralgia, increased amylase and
lipase, and dermatitis) related to ICI therapy, all of which were
successfully resolved. The safety profile was consistent with
literature data.

DISCUSSION

ICIs have dramatically changed the treatment of patients with
NSCLC (2). However their immune-mediated antitumor activity
is dependent on several complex mechanisms, also involving the
microenvironment. In BMs, the microenvironment is represented
by a particular landscape characterized by reciprocal interactions
between cancer cells, local stromal cells, immune cells, and several
other factors such as osteoclasts (members of the mononuclear-
macrophage family) and cytokines (31).

The results from two large phase III studies, CheckMate 227
and CheckMate 057, not only suggested that bone involvement
may be a negative prognostic factor in patients with metastatic
NSCLC, but also that the presence of BMs could be predictive of
a poor response to ICIs (32, 33). However, none of the
randomized trials on immunotherapy, including CheckMate
227, stratified patients on the basis of the site of metastasis,

thus precluding any definitive conclusions from being
drawn (34).

In our study, the poor outcome of NSCLC patients with bone
metastases was confirmed in patients treated or not with ICIs, the
latter showing an mOS of 7.8 months.

This interest in defining the role of immunotherapy on the
basis of the site of metastasis and, in particular, the bone (10-12)
prompted us to explore this area using data extrapolated from
the Italian BMDB. A strong point in our favor is that the
characteristics, outcome, and safety data of the patients who
received ICIs are consistent with literature data (35), thanks to
the multicenter nature of our BMDB, the largest of its kind
in Italy.

A recent study stressed the concept of the negative
modulation of the immune response by BMs in NSCLC (15).
However, data on the concomitant use of BTTs were not
collected. The hypothesis of the potential immunomodulatory
effect of BTTs such as denosumab and zoledronate has been
gaining ground worldwide over the past two decades.

There is evidence from preclinical research into prostate cancer
and breast cancer mouse models of the immunomodulatory effect
of zoledronate and of its enhancement of the antitumor efficacy of
the PD-1 blockade (17). Nitrogen-containing bisphosphonates (N-
BPs) such as zoledronate inhibit farnesyl pyrophosphate synthesis
in the mevalonate pathway, leading to increased levels of
isopentenyl pyrophosphate in tumor cells, which renders them
targets of Vy9V82 T cells, and thus contributing to innate
immunity (36).

Although denosumab added to chemotherapy did not modify
OS with respect to CT alone in the phase III SPLENDOUR trial,
we observed that both zoledronate and denosumab improved ICI
efficacy with respect to ICI alone, with a sustained OS and an
increased bone response rate evaluated by MD Anderson criteria.
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TABLE 3 | Univariable analysis of overall survival.

No. patients No. events Median OS 12-month OS 24-month OS  p-valuelog-rank

(95%Cl) (95%Cl) (95%Cl) test
Overall no. patients 111 88 11.9 (8.2-14.4)  49.7 (40.0-58.7) 24.0 (16.3-32.6) -
Age, years, at first diagnosis of BM
<65 47 36 13.9 (8.0-18.6) 56.4 (40.8-69.3) 29.1 (16.7-42.8) 0.235
>65 64 52 10.3 (6.9-13.6) 45.0 (32.5-56.7) 20.4 (11.2-31.6)
Gender
Male 70 54 12.4 (8.0-15.4) 50.9 (38.5-61.9) 21.6(12.6-32.2) 0.842
Female 41 34 11.9 (6.8-15.8) 47.7 (31.7-62.1) 28.4 (15.2-43.1)
ECOG at first diagnosis of BM
0 26 14 329 (12.8-NE) 76.9 (565.7-88.9) 57.2 (36.1-73.6) 0.002
1 53 42 12.6 (7.2-15.4)  53.6 (39.1-66.0) 20.6 (10.4-33.1)
>2 6 6 5.6 (3.9-NE) 16.7 (0.7-51.7) 0
Treatment
ICI alone 16 1 15.8 (8.2-NE) 63.0 (38.3-84.9)  30.8 (9.9-54.8) <0.001
ICl+Deno/Zol 30 17 21.8 (14.5-NE)  79.5(59.9-90.2) 45.7 (26.5-62.9)
No ICI 60 55 75 (6.1-10.9)  33.1 (21.5-45.1) 12.2 (56.4-21.9)
Visceral metastasis
No 20 16 14.9 (6.8-27.6) 53.6 (29.6-72.6) 37.5(16.9-58.2) 0.413
Yes 91 72 11.9(8.2-13.8)  48.9(38.1-58.7) 20.9 (13.0-30.2)
No. BMs
1 24 19 15.4 (7.5-19.4) 59.9 (36.9-76.8) 23.0 (8.4-41.8) 0.761
2-6 33 26 9.8 (6.5-13.8)  48.5(30.8-64.0) 25.9 (12.4-41.7)
>6 54 43 10.9 (6.7-15.8)  46.1 (32.4-58.7) 23.1 (12.5-35.6)
Type of bone lesion
Osteoblastic 6 6 14.9 (1.6-NE) 66.7 (19.5-90.4) - 0.386
Lytic 77 57 11.5(8.2-15.8)  49.6 (37.8-60.3) 29.6 (19.6-40.3)
Mixed 17 15 9.8 (5.4-15.4) 471 (22.9-67.9) 17.7 (4.3-38.9)
EGFR status
Mutated 12 10 12.2 (5.6-NE) 58.3 (27.0-80.1)  25.0 (6.0-50.5) 0.937
Wild type 84 65 12.6 (8.0-14.9) 50.3 (39.0-60.5) 25.4 (16.3-35.4)
ALK status
Translocated 4 2 - - - -
Wild type 67 52 12.7 (8.2-14.9) 54.3 (41.5-65.4) 26.5(16.3-37.9)
ROS1 status
Rearranged 3 2 - - -
Wild type 48 32 13.9 (11.5-22.8) 63.6 (48.1-75.6) 35.8 (22.1-49.8)
KRAS status
Mutant 10 8 8.0 (3.1-15.8) 23.3 (3.6-52.9) 11.7 (0.6-40.1) 0.005
Wild type 25 15 36.8 (13.9-NE)  80.0 (568.4-91.2) 52.0 (31.3-69.2)
PDL1 (1)
<50% 29 19 15.7 (12.6-48.6) 78.8 (68.7-89.8) 37.7 (19.9-55.4) 0.995
>50% 9 4 13.9 (6.4-NE) 63.5 (23.8-86.6) 47.6 (12.3-76.9)
PDL1 (2)
<1% 14 8 15.8 (13.6-NE) 100.0 42.8 (17.7-66.0) 0.275
>1% 24 15 12.8 (8.2-NE)  59.4 (36.3-76.5) 38.2 (17.7-58.5)
Mutational status (1)
EGFR mutated 12 10 12.2 (5.6-NE) 58.3 (27.0-80.0)  25.0 (6.0-50.5) 0.114
ALK translocated 4 2 -
KRAS mutated 10 8 8.0 (4.3-15.8) 23.3 (3.6-52.9) 11.7 (0.6-40.0)
ROS1 rearranged 3 2 -
EGFR, ALK, KRAS and ROS1 wild type 14 10 14.7 (9.6-NE) 71.4 (40.6-88.2) 42.9 (17.7-66.0)
Mutational status (2)
EGFR mutated or ALK translocated or ROS1 rearranged 19 14 17.4 (9.7-48.6) 73.7 (47.9-88.1) 36.8 (16.5-57.5) 0.778
None 36 24 14.5(9.6-27.2) 625 (44.2-76.3) 37.3 (21.1-53.4)

PFS, progression-free survival; 95%Cl, 95% confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status, BM, bone metastasis; ICI, immune checkpoint
inhibitor; Deno, denosumab; Zol, zoledronate; NE, not estimable; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, c-ros oncogene 1; KRAS, Kirsten rat
sarcoma viral oncogene homolog; PDL1, programmed death-ligand 1.

Conversely, consistent with data from clinical trials on ICIs, PFS Bearing in mind the caveat of the limited number of patients
in our patients was not improved (19, 37). involved in our study, we nonetheless observed that denosumab

Another point to be explored is that bone response seems to ~ worked rapidly, whereas zoledronate exerted its action after at
be correlated to medical therapy due to the low rate of patients  least 6 months, which fits in with the known slow effect of this
treated with radiotherapy. drug on bone homeostasis (38). These data strongly suggest that

Frontiers in Immunology | www.frontiersin.org 7 November 2021 | Volume 12 | Article 697298


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Bongiovanni et al.

ICl +/— BTT in BM NSCLC

TABLE 4 | Univariable analysis of progression-free survival.

No. patients No. events Median PFS (95%CI) 6-month PFS (95%CI) 12-month PFS (95%CI) p-valuelog-rank test

47.4 (29.9-61.4) 29.9 (15.5-45.6) -

Overall no. patients 46 30 4.9 (2.8-10.0)
Age, years, at first diagnosis of BM

<65 18 11 6.4 (2.0-11.9)

>65 28 19 4.6 (2.2-15.9)
Gender

Male 35 23 4.9 (2.2-10.0)

Female 11 7 5.1 (2.0-38.1)
ECOG PS at first diagnosis of BM

0 15 9 7.2 (2.1-NE)

1 29 21 4.9 (1.9-13.3)

>2 2 0 -
Treatment

Only ICls 16 10 3.9(1.9-6.4)

ICl+Deno 6 4 15.9 (5.1-NE)

ICl+Zol 24 16 2.7 (1.8-13.3)
Presence of visceral metastasis

No 7 2 -

Yes 39 28 4.6 (2.2-9.3)
No. BMs

1 ihl 8 4.3 (1.7-16.1)

2-6 15 8 4.9 (2.4-NE)

>6 20 14 5.1 (2.2-13.3)
Type of bone lesion

Osteoblastic 1 0 -

Lytic 38 24 6.4 (3.6-11.9)

Mixed 6 5 1.8 (1.7-NE)

Unknown 1 1 -
EGFR status

Mutant 1 0 -

Wild-type 38 24 5.1(2.2-11.9)
ALK status

Translocated 0 - -

Wild type 35 22 4.9 (2.4-9.3)
ROS1 status

Rearranged 1 - -

Wild-type 30 20 5.1 (2.7-13.3)
KRAS status

Mutant 8 3 4.9 (1.7-NE)

Wild-type 13 11 7.2 (2.4-11.9)
PDL1 (1)

<50% 23 15 4.4 (2.2-7.2)

>50% 7 6 5.1 (1.7-NE)
PDL1 (2)

<1% 12 8 4.6 (1.6-9.3)

>1% 18 13 4.3 (2.2-13.3)

57.1 (28.4-77.9) 11.4 (0.7-39.0) 0.698
40.6 (21.1-59.9) 36.1 (17.6-55.0)
47.3 (28.3-64.2) 25.8 (10.9-34.7) 0.451
44.4 (13.6-71.9) 44.4 (13.6-71.9)
54.5 (22.9-77.9) 21.8 (3.5-50.1) 0.955
43.5 (24.5-61.1) 33.8 (16.3-52.3)
26.7 (5.1-55.6) - 0.068
83.3 (27.3-97.5) 66.7 (19.5-90.4)
45.0 (23.1-65.7) 32.1 (12.8-53.4)
43.6 (26.7-59.3) 29.1 (14.4-45.5)
50.0 (18.4-75.3) 25.0 (4.1-54.9) 0.343
45.5 (16.7-70.7) 36.4 (11.2-62.7)
45.4 (20.9-67.2) 27.2 (7.4-52.1)
51.9 (33.3-67.7) 31.9 (15.8-49.4)
20.0 (0.8-58.2) 20.0 (0.8-58.2)
47.8 (29.5-64.0) 31.9 (15.8-49.2)
447 (26.5-62.2) 29.8 (13.1-48.6)
481 (27.7-65.9) 32.1 (14.1-51.7)
44.4 (6.6-78.5) 44.4 (6.6-78.5) 0.565
61.5 (30.8-81.8) 20.5 (33.3-47.8)
37.1 (16.3-58.2) 14.9 (2.6-36.9) 0.810
42.8(9.8-73.4) 42.8 (9.8-73.4)
50.0 (18.4-75.3) 12.5 (0.7-41.9) 0.941

30.9 (10.5-54.3)

30.9 (10.5-54.3)

PFS, progression-free survival; 95%Cl, 95% confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status;, BM, bone metastasis; ICl, immune checkpoint
inhibitor; Deno, denosumab, Zol, zoledronate; NE, not estimable;, EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, c-ros oncogene 1; KRAS, Kirsten rat

sarcoma viral oncogene homolog; PDL1, programmed death-ligand 1.

targeting the microenvironment to improve the efficacy of
immunotherapy is a strategy worth considering. Another
important indication comes from the NLR evaluated in our
population. In patients with BMs from NSCLC receiving IClIs,
an NLR cutoff <5 showed prognostic significance. Furthermore,
this value changed in conjunction with a change in sensitivity to
therapy, increasing in the event of disease progression or
decreasing when response occurred (35).

Our study has a number of limitations, mainly that of limited
sample size and the retrospective nature of the analysis (of note,
the BMDA was prospectively built). Moreover, PD-L1 expression
was not available for all patients. Despite these weaknesses, our

data support the hypothesis that BTTs increase the activity of
ICIs and reverse the negative impact of BMs on patient outcome.
Larger prospective datasets or prospective randomized clinical
trials are needed to provide more solid evidence of
BTT potential.

There are still several open questions to be answered in the
area of NSCLC, in particular how to overcome primary and
acquired resistance to immunotherapy. This is often related to
the status of the host’s immune homeostasis and involves
myeloid-derived suppressor cells (MDSCs), tumor-associated
macrophages, and T-regulatory cells, all of which play
immune-suppressive roles. The use of zoledronate or
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FIGURE 5 | (A) OS and (B) PFS by NLR values.
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TABLE 5 | Toxicities recorded in both ICI and ICI+BTT treatments.

Toxicity Grade Total No. (%)
1No. (%) 2No. (%) 3No. (%)
Arthralgia 1(2.2) 0(0.0) 1(2.2) 2 (4.3
Asthenia 2 (4.3 0 (0.0 1(2.2) 3 (6.5
Dermatitis 0(0.0) 0(0.0) 1(2.2) 1(2.2)
Diarrhea 2 (4.3 1.2 0(0.0) 3 (6.5
Dypnea 0 (0.0 1.2 0 (0.0 1(2.2)
Infection 0 (0.0 1(2.2) 0 (0.0 1(2.2)
Creatinine increase 5(10.9) 1.2 0(0.0) 6 (13.0)
Hyperamylasemia 1(2.2) 0 (0.0 1(2.2) 2(4.3
Hypertransaminasemia 2 (4.3) 0(0.0) 1(2.2) 3 (6.5)
Hypophosphatemia 0 (0.0 1(2.2) 0 (0.0 1(2.2)
Hypothyroidism 1(2.2) 0(0.0) 0(0.0) 122
Neuropathy 0 (0.0) 1.2 0(0.0) 1.2
Neutropenia 0 (0.0 1(2.2) 0 (0.0 1(2.2)
Pneumonitis 0 (0.0) 2 (4.3 0(0.0) 2 (4.3)
Skin rash 1(2.2) 1(2.2) 0(0.0) 2 (4.3
Lipase increase 12.2) 0 (0.0) 1.2 2 (4.3)
Sepsis 0 (0.0 0 (0.0 1(2.2) 1(2.2)
Skin toxicity 0(0.0) 0(0.0) 1(2.2) 122

denosumab in combination with ICIs could represent a
potentially useful strategy to modulate the microenvironment
and, consequently, the immune response.

CONCLUSIONS

Our data suggest that BTT could potentially increase the efficacy
of immunotherapy in NSCLC patients with BMs. Prospective
trials are warranted to further investigate this finding.

REFERENCES

1. Malvezzi M, Bertuccio P, Rosso T, Rota M, Levi F, La Vecchia C, et al.
European Cancer Mortality Predictions for the Year 2015: Does Lung Cancer
Have the Highest Death Rate in EU Women? Ann Oncol (2015) 26(4):779-86.
doi: 10.1093/annonc/mdv001

2. Zappa C, Mousa SA. Non-Small Cell Lung Cancer: Current Treatment and
Future Advances. Transl Lung Cancer Res (2016) 5(3):288-300. doi: 10.21037/
tlcr.2016.06.07

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

This study was reviewed and approved by the IRCCS IRST Ethics
Committee (number of approval 1783/2014 of 20/03/2014). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

AB and TI conceived the idea for and designed the study. AB, JM,
SS, FA, FR, VG, MRF, MB, and MF enrolled patients. FF performed
the statistical analyses. VF, LM, and CS carried out the literature
review. AB drafted the manuscript. All authors critically reviewed
the manuscript, providing important feedback, and all read and
approved the final version for submission.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
697298/full#supplementary-material

Supplementary Figure 1 | Differences between pre-treatment NLR values and
NLR values (A) at disease progression (p-value from Wilcoxon signed-rank test:
0.027) and (B) at response (p-value from Wilcoxon signed-rank test: 0.030).

3. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Cso6szi T, Fillop A, et al.
Pembrolizumab Versus Chemotherapy for PD-L1-Positive Non-Small-Cell
Lung Cancer. N Engl ] Med (2016) 375(19):1823-33. doi: 10.1056/
NEJMoal606774

4. Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F,
et al. Pembrolizumab Plus Chemotherapy in Metastatic Non-Small-Cell Lung
Cancer. N Engl ] Med (2018) 378(22):2078-92. doi: 10.1056/NEJMo0a1801005

5. Socinski MA, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy D, Nogami N,
et al. Atezolizumab for First-Line Treatment of Metastatic Nonsquamous

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 697298


https://www.frontiersin.org/articles/10.3389/fimmu.2021.697298/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.697298/full#supplementary-material
https://doi.org/10.1093/annonc/mdv001
https://doi.org/10.21037/tlcr.2016.06.07
https://doi.org/10.21037/tlcr.2016.06.07
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1801005
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Bongiovanni et al.

ICl +/— BTT in BM NSCLC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

NSCLC. N Engl ] Med (2018) 378(24):2288-301. doi: 10.1056/
NEJMoal716948

. Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL, Han JY, et al.

Pembrolizumab Versus Docetaxel for Previously Treated, PD-L1-Positive,
Advanced Non-Small-Cell Lung Cancer (KEYNOTE-010): A Randomised
Controlled Trial. Lancet (2016) 387(10027):1540-50. doi: 10.1016/S0140-
6736(15)01281-7

. Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J, et al.

Atezolizumab Versus Docetaxel in Patients With Previously Treated Non-
Small-Cell Lung Cancer (OAK): A Phase 3, Open-Label, Multicentre
Randomised Controlled Trial. Lancet (2017) 389(10066):255-65.
doi: 10.1016/S0140-6736(16)32517-X

. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al. Nivolumab

Versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer.
N Engl ] Med (2015) 373(17):1627-39. doi: 10.1056/NEJMoal507643

. Brahmer ], Reckamp KL, Baas P, Crino L, Eberhardt WE, Poddubskaya E,

et al. Nivolumab Versus Docetaxel in Advanced Squamous-Cell non-Small-
Cell Lung Cancer. N Engl ] Med (2015) 373(2):123-35. doi: 10.1056/
NEJMoal504627

Kuchuk M, Addison CL, Clemons M, Kuchuk I, Wheatley-Price P. Incidence
and Consequences of Bone Metastases in Lung Cancer Patients. ] Bone Oncol
(2013) 2(1):22-9. doi: 10.1016/j.j60.2012.12.004

Santini D, Barni S, Intagliata S, Falcone A, Ferrau F, Galetta D, et al. Natural
History of Non-Small-Cell Lung Cancer With Bone Metastases. Sci Rep (2015)
5:18670. doi: 10.1038/srep18670

Hamaoka T, Costelloe CM, Madewell JE, Liu P, Berry DA, Islam R, et al.
Tumour Response Interpretation With New Tumour Response Criteria vs the
World Health Organisation Criteria in Patients With Bone-Only Metastatic
Breast Cancer. Br ] Cancer (2010) 102(4):651-7. doi: 10.1038/sj.bjc.6605546
Costelloe CM, Chuang HH, Madewell JE, Ueno NT. Cancer Response Criteria
and Bone Metastases: RECIST 1.1, MDA and PERCIST. J Cancer (2010) 1:80—
92. doi: 10.7150/jca.1.80

da Silva LM, da Silva GT, Bergmann A, Costa GJ, Zamboni MM, Santos
Thuler LC. Impact of Different Patterns of Metastasis in Non-Small-Cell Lung
Cancer Patients. Future Oncol (2021) 17(7):775-82. doi: 10.2217/fon-2020-
0587

Landi L, D’Inca F, Gelibter A, Chiari R, Grossi F, Delmonte A, et al. Bone
Metastases and Immunotherapy in Patients With Advanced Non-Small-Cell
Lung Cancer. ] Immunother Cancer (2019) 7(1):316. doi: 10.1186/s40425-019-
0793-8

Sterling JA, Edwards JR, Martin TJ, Mundy GR. Advances in the Biology of
Bone Metastasis: How the Skeleton Affects Tumor Behavior. Bone (2011) 48
(1):6-15. doi: 10.1016/j.bone.2010.07.015

LiY,DuY, Sun T, Xue H, Jin Z, Tian J. PD-1 Blockade in Combination With
Zoledronic Acid to Enhance the Antitumor Efficacy in the Breast Cancer Mouse
Model. BMC Cancer (2018) 18(1):669. doi: 10.1186/s12885-018-4412-8
Simatou A, Sarantis P, Koustas E, Papavassiliou AG, Karamouzis MV. The
Role of the RANKL/RANK Axis in the Prevention and Treatment of Breast
Cancer With Immune Checkpoint Inhibitors and Anti-RANKL. Int ] Mol Sci
(2020) 21(20):7570. doi: 10.3390/ijms21207570

Liede A, Hernandez RK, Wade SW, Bo R, Nussbaum NC, Ahern E, et al. An
Observational Study of Concomitant Immunotherapies and Denosumab in
Patients With Advanced Melanoma or Lung Cancer. Oncoimmunology (2018)
7(12):e1480301. doi: 10.1080/2162402X.2018.1480301

Havel JJ, Chowell D, Chan TA. The Evolving Landscape of Biomarkers for
Checkpoint Inhibitor Immunotherapy. Nat Rev Cancer (2019) 19(3):133-50.
doi: 10.1038/s41568-019-0116-x

Ishihara M, Ochiai R, Haruyama T, Sakamoto T, Tanzawa S, Honda T, et al.
Pretreatment Neutrophil-to-Lymphocyte Ratio Predicts Treatment Efficacy
and Prognosis of Cytotoxic Anticancer Drugs, Molecular Targeted Drugs, and
Immune Checkpoint Inhibitors in Patients With Advanced non-Small Cell
Lung Cancer. Transl Lung Cancer Res (2021) 10(1):221-32. doi: 10.21037/tlcr-
20-777

Ksienski D, Wai ES, Alex D, Croteau NS, Freeman AT, Chan A, et al.
Prognostic Significance of the Neutrophil-to-Lymphocyte Ratio and Platelet-
to-Lymphocyte Ratio for Advanced Non-Small Cell Lung Cancer Patients
With High PD-L1 Tumor Expression Receiving Pembrolizumab. Transl Lung
Cancer Res (2021) 10(1):355-67. doi: 10.21037/tlcr-20-541

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bongiovanni A, Foca F, Fantini M, Forcignand MR, Artioli F, Berardi R, et al.
First Prospective Data on Breast Cancer Patients From the Multicentre Italian
Bone Metastasis Database. Sci Rep (2021) 11(1):4329. doi: 10.1038/s41598-
021-83749-1

Petrova MP, Eneva MI, Arabadjiev JI, Conev NV, Dimitrova EG, Koynov KD,
et al. Neutrophil to Lymphocyte Ratio as a Potential Predictive Marker for
Treatment With Pembrolizumab as a Second Line Treatment in Patients With
Non-Small Cell Lung Cancer. Biosci Trends (2020) 14(1):48-55. doi: 10.5582/
bst.2019.01279

Giustini N, Bazhenova L. Recognizing Prognostic and Predictive Biomarkers
in the Treatment of Non-Small Cell Lung Cancer (NSCLC) With Immune
Checkpoint Inhibitors (Icis). Lung Cancer (Auckl) (2021) 12:21-34.
doi: 10.2147/LCTT.S235102

Fukui T, Okuma Y, Nakahara Y, Otani S, Igawa S, Katagiri M, et al. Activity of
Nivolumab and Utility of Neutrophil-to-Lymphocyte Ratio as a Predictive
Biomarker for Advanced Non-Small-Cell Lung Cancer: A Prospective
Observational Study. Clin Lung Cancer (2019) 20(3):208-14.e2.
doi: 10.1016/j.cllc.2018.04.021

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New Response Evaluation Criteria in Solid Tumours: Revised RECIST
Guideline (Version 1.1). Eur ] Cancer (2009) 45(2):228-47. doi: 10.1016/
j.ejca.2008.10.026

U.S. Department of Health and Human Services. Common Terminology
Criteria for Adverse Events (CTCAE) Version 4.0 Published: May 28, 2009
(V4.03: June 14, 2010). Available at: https://www.eortc.be/services/doc/ctc/
ctcae_4.03_2010-06-14_quickreference_5x7.pdf.

Ibrahim T, Mercatali L, Amadori D. Bone and Cancer: The Osteoncology. Clin
Cases Miner Bone Metab (2013) 10(2):121-3.

Bongiovanni A, Recine F, Fausti V, Foca F, Casadei R, Falasconi MC, et al.
Ten-Year Experience of the Multidisciplinary Osteoncology Center. Support
Care Cancer (2019) 27(9):3395-402. doi: 10.1007/s00520-019-4635-5
Hellmann MD, Ciuleanu TE, Pluzanski A, Lee JS, Otterson GA, Audigier-
Valette C, et al. Nivolumab Plus Ipilimumab in Lung Cancer With a High
Tumor Mutational Burden. N Engl ] Med (2018) 378(22):2093-104.
doi: 10.1056/NEJMo0al801946

Peters S, Cappuzzo F, Horn L, Paz-Ares L, Borghaei H, Barlesi F, et al.
OAO03.05 Analysis of Early Survival in Patients With Advanced non-
Squamous NSCLC Treated With Nivolumab vs Docetaxel in Checkmate
057. J Thor Oncol (2017) 12(1):5253. doi: 10.1016/j.jtho.2016.11.241

Yang K, LiJ, Bai C, Sun Z, Zhao L. Efficacy of Immune Checkpoint Inhibitors
in Non-Small-Cell Lung Cancer Patients With Different Metastatic Sites: A
Systematic Review and Meta-Analysis. Front Oncol (2020) 10:2020.01098.
doi: 10.3389/fonc.2020.01098

Hsu ML, Naidoo J. Principles of Inmunotherapy in Non-Small Cell Lung Cancer.
Thorac Surg Clin (2020) 30(2):187-98. doi: 10.1016/j.thorsurg.2020.01.009
Silva-Santos B, Serre K, Norell H. 8 T Cells in Cancer. Nat Rev Immunol
(2015) 15(11):683-91. doi: 10.1038/nri3904

Peters S, Danson S, Hasan B, Dafni U, Reinmuth N, Majem M, et al. A
Randomized Open-Label Phase III Trial Evaluating the Addition of
Denosumab to Standard First-Line Treatment in Advanced NSCLC: The
European Thoracic Oncology Platform (ETOP) and European Organisation
for Research and Treatment of Cancer (EORTC) SPLENDOUR Trial.
J Thorac Oncol (2020) 15(10):1647-56. doi: 10.1016/j.jtho.2020.06.011
Daubiné F, Le Gall C, Gasser J, Green J. Antitumor Effects of Clinical
Dosing Regimens of Bisphosphonates in Experimental Breast Cancer Bone
Metastasis. ] Natl Cancer Inst (2007) 99(4):322-30. doi: 10.1093/jnci/
djk054

Dalle Carbonare L, Zanatta M, Gasparetto A, Valenti M T, Clézardin P. Safety
and Tolerability of Zoledronic Acid and Other Bisphosphonates in
Osteoporosis Management. Drug Healthc Patient Saf (2010) 2:121-37.
doi: 10.2147/DHPS.S6285

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 697298


https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1016/j.jbo.2012.12.004
https://doi.org/10.1038/srep18670
https://doi.org/10.1038/sj.bjc.6605546
https://doi.org/10.7150/jca.1.80
https://doi.org/10.2217/fon-2020-0587
https://doi.org/10.2217/fon-2020-0587
https://doi.org/10.1186/s40425-019-0793-8
https://doi.org/10.1186/s40425-019-0793-8
https://doi.org/10.1016/j.bone.2010.07.015
https://doi.org/10.1186/s12885-018-4412-8
https://doi.org/10.3390/ijms21207570
https://doi.org/10.1080/2162402X.2018.1480301
https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.21037/tlcr-20-777
https://doi.org/10.21037/tlcr-20-777
https://doi.org/10.21037/tlcr-20-541
https://doi.org/10.1038/s41598-021-83749-1
https://doi.org/10.1038/s41598-021-83749-1
https://doi.org/10.5582/bst.2019.01279
https://doi.org/10.5582/bst.2019.01279
https://doi.org/10.2147/LCTT.S235102
https://doi.org/10.1016/j.cllc.2018.04.021
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf
https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf
https://doi.org/10.1007/s00520-019-4635-5
https://doi.org/10.1056/NEJMoa1801946
https://doi.org/10.1016/j.jtho.2016.11.241
https://doi.org/10.3389/fonc.2020.01098
https://doi.org/10.1016/j.thorsurg.2020.01.009
https://doi.org/10.1038/nri3904
https://doi.org/10.1016/j.jtho.2020.06.011
https://doi.org/10.1093/jnci/djk054
https://doi.org/10.1093/jnci/djk054
https://doi.org/10.2147/DHPS.S6285
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Bongiovanni et al.

ICl +/— BTT in BM NSCLC

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Bongiovanni, Foca, Menis, Stucci, Artioli, Guadalupi, Forcignano,
Fantini, Recine, Mercatali, Spadazzi, Burgio, Fausti, Miserocchi and Ibrahim. This is

an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 697298


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Immune Checkpoint Inhibitors With or Without Bone-Targeted Therapy in NSCLC Patients With Bone Metastases and Prognostic Significance of Neutrophil-to-Lymphocyte Ratio
	Introduction
	Material and Methods
	Study Design, Patients, and Treatment
	Outcome Measures
	Statistical Analysis

	Results
	Patient Characteristics
	Patient Outcome
	Prognostic and Predictive Factors Evaluation
	Safety

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


