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Abstract

Background: Bone metastases (BoM) are a negative prognostic factor in non-small-cell lung cancer (NSCLC).
Beyond its supportive role, bone is a hematopoietic organ actively regulating immune system. We hypothesized
that BoM may influence sensitivity to immunotherapy.

Methods: Pretreated non-squamous (cohort A) and squamous (cohort B) NSCLCs included in the Italian Expanded
Access Program were evaluated for nivolumab efficacy according to BoM.

Results: Cohort A accounted for 1588 patients with non-squamous NSCLC, including 626 (39%) with (BoM+) and
962 (61%) without BoM (BoM-). Cohort B accounted for 371 patients with squamous histology including 120 BoM+
(32%) and 251 (68%) BoM- cases. BoM+ had lower overall response rate (ORR; Cohort A: 12% versus 23%,
p < 0.0001; Cohort B: 13% versus 22%, p = 0.04), shorter progression free survival (PFS; Cohort A: 3.0 versus 4.0
months, p < 0.0001; Cohort B: 2.7 versus 5.2 months, p < 0.0001) and overall survival (OS; Cohort A: 7.4 versus 15.3
months, p < 0.0001; Cohort B: 5.0 versus 10.9 months, p < 0.0001). Moreover, BoM negatively affected outcome
irrespective of performance status (PS; OS in both cohorts: p < 0.0001) and liver metastases (OS cohort A: p < 0.0001;
OS Cohort B: p = 0.48). At multivariate analysis, BoM independently associated with higher risk of death (cohort A:
HR 1.50; cohort B: HR 1.78).

Conclusions: BoM impairs immunotherapy efficacy. Accurate bone staging should be included in clinical trials with
immunotherapy.
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Introduction
In the last few years, improvements in cancer biology and
immune system knowledge significantly prolonged sur-
vival of patients with metastatic non-small cell lung cancer
(NSCLC) [1–3]. Agents targeting the programmed death-
1 receptor (PD-1)/ PD-ligand 1 (PD-L1) pathway, also
named immune checkpoint inhibitors (ICIs), have
emerged as powerful therapeutic strategy in different set-
tings [1–7]. Nivolumab, pembrolizumab and atezolizumab
are three recommended options for patients who progress

after platinum-doublet chemotherapy, whereas pembroli-
zumab is the standard front line for untreated patients
with PD-L1 expression > 50% [1–8]. As a consequence,
the proportion of patients still candidate for exclusive
chemotherapy is gradually decreasing. At present, PD-L1
expression is the only validated biomarker adopted in
clinical practice for selecting NSCLC candidate for
immunotherapy [8]. Several other biomarkers are under
investigation with Tumor Mutational Burden (TMB) as
the one closest to a routine adoption [9]. Recently,
some clinical factors such as performance status
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and metastatic sites, emerged as potential predictors for
immunotherapy efficacy [10–12]. In a retrospective study
conducted in 201 Asian patients and treated with nivolu-
mab, poor performance status (ECOG PS > 2) and pres-
ence of lung or liver metastases independently associated
with shorter PFS [11]. Another study evaluated organ spe-
cific response rate to second or subsequent line nivolumab
in 52 patients with higher response observed in lymph
nodes (28%) followed by primary lung lesions (16%). Inter-
estingly, among patients with bone metastases, 75% had
progressive bone lesions at the time of tumor progression
[12]. This data suggest that efficacy of immunotherapy
can be modulated by tumor microenvironment, which dif-
fers among organs.
Because of its large surface area and highly vascular

supply, bone is a common site of metastatic spread in
NSCLC [13, 14]. Implementation of diagnostic tools
coupled with survival improvement have resulted in a
raised incidence of bone metastases, with 20–30% of
NSCLC patients presenting with bone lesions at diagno-
sis and an additional 35–40% of cases developing bone
metastases during the course of their disease [15]. Pa-
tients with bone disease frequently experience skeletal-
related events entailing severe pain and deterioration in
their performance status (PS) and quality of life. Not
surprisingly, bone metastases negatively affect overall
survival [13]. In addition to its supportive role, bone is a
hematopoietic organ. Several evidences showed that
bone marrow plays active functions in regulating im-
mune system and trafficking of immune cells, including
regulatory T cells, conventional T cells, B cells, dendritic
cells, natural killer T cells, neutrophils, myeloid-derived
suppressor cells and mesenchymal stem cells [16].
Therefore, bone marrow is an immune regulatory organ
potentially influencing response to immunotherapy.
However, none of the randomized studies specifically

investigated the consequences of bone involvement in
patients exposed to checkpoint inhibitors or stratified
patients according to presence of bone metastases. Aim
of the present study was to assess whether efficacy of
nivolumab was influenced by presence of bone disease
in a large pretreated, metastatic, NSCLC.

Material and methods
Study design, patients and treatment
The trial was conducted in two cohorts (Cohort A = non-
squamous-cell histology, N = 1588; cohort B = squamous-
cell histology, N = 371) of advanced NSCLC patients treated
in 153 Italian centers and included in the nivolumab Ex-
panded Access Program (EAP) from April 2015 to Septem-
ber 2016. The Italian EAP was a prospective, single-arm,
open-label trial intended to provide early access to nivolu-
mab. Details of main inclusion and exclusion criteria and
treatment have been previously published [17, 18]. Briefly

patients aged ≥18 years, with histologically or cytologically
diagnosis of non-squamous or squamous NSCLC, pre-
treated with at least one systemic therapy for advanced dis-
ease and an Eastern Cooperative Oncology Group (ECOG)
PS < 2, were included onto the study if they had no evi-
dence of carcinomatous meningitis or serum positivity for
HIV, HBV or HCV and no prior therapy checkpoint inhibi-
tor. In both cohorts nivolumab 3mg/kg was administered
intravenously every 2 weeks for ≤24months. Patients in-
cluded in the analysis had received at least 1 dose of nivolu-
mab. This study was conducted in accordance with the
Declaration of Helsinki (1964) and International Confer-
ence of Harmonization Guidelines for Clinical Practice and
was approved by the appropriate Institutional Review
Board/Independent Ethics Committee. All patients pro-
vided written informed consent before treatment.

Outcome measures
Tumor response was assessed using Response Evaluation
in Solid Tumors (RECIST) criteria version 1.0 [19].
Investigator-assessed objective response rate (ORR), pro-
gression free survival (PFS) and overall survival (OS)
were evaluated. Patients were monitored for adverse
events (AEs) using the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events v4.0.

Statistical analysis
Efficacy and safety analyses were conducted in all patients
who received at least one nivolumab dose. ORR, PFS, OS
and safety were evaluated. Chi-square measured associ-
ation between patient characteristics and ORR. PFS was
calculated as the time from the start of nivolumab treat-
ment until evidence of progressive disease or death which-
ever occurred first. PFS and OS were estimated using
Kaplan-Meier method and 95% confidence intervals (CIs)
were derived using Hosmer and Lemeshow approach. Dif-
ferences between survival curves were evaluated with log
rank test. A Cox regression model was used to explore the
association between patient characteristics and survival
times; Hazard Ratios (HRs) with 95% CIs were reported.
When performing a multivariate analysis, a stepwise pro-
cedure was used based on Wald statistics, enter and re-
move values set to 0.05 and 0.10, respectively.

Results
Patient populations
Cohort A
Characteristics of non-squamous cohort are illustrated
in Table 1. Among the 1588 patients, 626 (39%) had
bone metastases (BoM+ group) and 962 (61%) had no
evidence of bone involvement (BoM- group). BoM+ pa-
tients were younger than BoM- (p = 0.001) with a signifi-
cantly lower percentage of individuals older than 75
years (p < 0.0001). ECOG PS was 0 in 34% of BoM+ and
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Table 1 Characteristics in cohorts A and B according to bone involvement

Characteristic Cohort A Cohort B

Non-squamous BoM+ (N/%) Non-squamous BoM- (N/%) p Squamous BoM+ (N/%) Squamous BoM- (N/%) p

Total patients 626 (39) 962 (61) 120 (32) 251 (68)

Median age (year/range) 65 (29–89) 67 (27–87) 0.001 67 (31–83) 68 (31–91) 0.06

Patients ≥75 years 67 (11) 165 (17) < 0.0001 18 (15) 52 (21) 0.19

Gender

• Male 401 (64) 628 (65) 96 (80) 202 (81) 0.91

• Female 225 (36) 334 (35) 0.62 24 (20) 49 (19)

ECOG PS

• 0 213 (34) 435 (45) < 0.0001 36 (30) 98 (39) 0.25

• 1 354 (56) 461 (48) 77 (64) 138 (55)

• 2 57 (9) 51 (5) 7 (6) 15 (6)

• Unk 2 (1) 15 (2) – –

Metastatic site

• liver 178 (28) 149 (16) < 0.00001 25 (21) 38 (15) 0.14

• brain 191 (30) 218 (23) 0.001 16 (13) 21 (8) 0.17

Previous therapies

• 1 256 (41) 359 (37) 0.07 54 (44) 108 (43) 0.67

• 2 176 (28) 281 (29) 37 (31) 83 (33)

• 3 118 (19) 162 (17) 20 (17) 48 (19)

• > 3 74 (12) 154 (16) 9 (8) 12 (5)

Smoking status

• Never smoker 134 (21) 171 (18) 0.06 13 (11) 18 (7) 0.14

• Former smoker 308 (49) 457 (48) 69 (57) 156 (62)

• Active smoker 134 (21) 226 (23) 23 (19) 60 (24)

• Unk 50 (8) 108 (11) 15 (13) 17 (7)

EGFR status

• Mutated 47 (8) 55 (6) 0.10

• Wild-type 514 (82) 779 (81)

• Unk 65 (10) 128 (13)

KRAS status

• Mutated 91 (15) 115 (12) 0.23

• Wild-type 132 (21) 192 (20)

• Unk 403 (64) 655 (68)

BRAF status

• Mutated 5 (1) 6 (1) 0.54

• Wild-type 85 (14) 114 (12)

• Unk 536 (85) 842 (87)

ALK status

• Mutated 5 (1) 11 (1) 0.51

• Wild-type 407 (65) 645 (67)

• Unk 214 (34) 306 (32)

ROS1 status

• Mutated 3 (1) 1 (1) 0.29

• Wild-type 142 (23) 207 (21)

• Unk 481 (76) 754 (78)

Unk Unknown
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45% in BoM- (p < 0.0001). Brain and liver metastases
were significantly more frequent in the BoM+ group
(p = 0.001 and p < 0.00001 for brain and liver, respect-
ively). No difference in terms of gender, smoking status
and number of prior systemic therapies was observed in
BoM+ and BoM-.
Percentage of EGFR, KRAS, BRAF, ALK and ROS1 mu-

tations was similar in the two groups. Among BOM+ pa-
tients, 264 (42.1%) had received palliative radiotherapy
to the bone.

Cohort B
Among the 371 patients with squamous histology, 120
(32%) were BoM+ and 251 BoM- (68%). Age, gender,
PS, and presence of liver or brain metastases did not sig-
nificantly differ between BoM+ and BoM- patients
(Table 1). Thirty-eight (31.6%) BoM+ had received pal-
liative radiotherapy to the bone.

Efficacy in cohort A
As illustrated in Table 2, outcome of patients with bone
metastases was particularly poor. BoM+ patients had sig-
nificantly lower ORR (12% versus 23%, p < 0.0001),
shorter PFS (3.0 versus 4.0 months, p < 0.0001) and OS
(7.4 versus 15.3 months, p < 0.0001) than BoM-. Fig-
ures 1a and Additional file 1A show the difference in
PFS and in OS between BoM+ and BoM- patients. At
12 months, only 15% of BoM+ patients did not progress
versus 27% in the BoM- group (p < 0.0001). OS rate at
12 months was also in favor of BoM- patients (38% in
BoM+ versus 55% in BoM-, p < 0.0001).

In order to assess whether PS, liver or brain metastases
could drive the poor outcome of BoM+ individuals, we
analyzed ORR, PFS and OS in these specific subgroups.
As illustrated in Additional file 2, presence of BoM sta-
tistically associated with poor outcome in terms of ORR,
PFS and OS irrespective of the three variables consid-
ered (Fig. 1 c,e; Additional file 1 C-E and Additional file 3
A-B). We further restricted our analysis to the 615 pa-
tients receiving nivolumab in second-line setting only.
Also in this subgroup, ORR, PFS and OS were signifi-
cantly worse in BoM+ patients (Additional file 4 A,B;
Additional file 2). Finally, we analyzed the outcome of
the 102 patients harboring EGFR mutations according to
presence of BoM (Additional file 5 A,B; Additional file
2), with similar results.

Efficacy in cohort B
As illustrated in Table 2, outcome of BoM+ patients was
similar to what observed in the non-squamous cohort.
BoM+ patients had significantly lower ORR (13% versus
22%, p = 0.04), shorter PFS (2.7 versus 5.2 months, p <
0.0001; Additional file 1B) and OS (5.0 versus 10.9
months, p < 0.0001; Fig. 1b). At 12-months PFS was 15%
in BoM+ and 31% in BoM- (p = 0.001) while 12-months
OS was 19% in BoM+ versus 48% in BoM- (p < 0.0001).
Efficacy analyses according to PS or presence or liver

or bone metastases confirmed that the worse outcome
observed in individuals with skeletal involvement was
not related to a lower PS of the BoM+ patients or to
concomitant spread into liver or brain (Fig.1 b,d,f; Add-
itional file 1 D,F; Additional file 3 C,D). Analogous re-
sults were observed in patients treated with nivolumab

Table 2 Efficacy in cohorts A and B and according to bone involvement

Parameter All non Squamous
(N/%)

All Squamous
(N/%)

Non
SquamousBoM+ (N/
%)

Non-
SquamousBoM- (N/
%)

p Squamous BoM+
(N/%)

Squamous
BoM- (N/
%)

p

Response

• CR 12/1 4/1 7/1 5/1 < 0.0001* 0/0 4/2 0.04*

• PR 278/17 65/18 66/11 212/22 15/13 50/20

• SD 414/26 108/28 137/22 277/29 25/21 83/33

• PD 818/52 189/50 393/63 425/44 78/65 111/44

• NV 66/4 5/3 23/3 43/4 2/2 3/1

Median PFS
(months/
range)

3.0 (2.9–3.1) 4.2 (3.4–5.0) 3 (2.9–3.1) 4 (3.5–4.5) < 0.0001 2.7 (2.2–3.2) 5.2 (4.3–
6.0)

< 0.0001

12 months
PFS (%)

23 27 15 27 < 0.0001 15 31 < 0.0001

Median OS
(months/
range)

11.3 (10.2–12.4) 7.9 (6.2–9.6) 7.4 (6.0–8.8) 15.3 (13.2—17.4) < 0.0001 5 (3.9–6.1) 10.9 (8.4–
13.4)

< 0.0001

12 months OS
(%)

48 39 38 55 < 0.0001 19 48 < 0.0001

*p value was calculated in CR + PR versus SD + PD
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in second-line setting (Additional file 6 and
Additional file 7).
To better define the role of bone metastases in a differ-

ent population of pretreated NSCLC, we re-analyzed data
from patients enrolled in the phase II METROS trial [20].
In this group of oncogene addicted population, presence
of bone metastases negatively affected both PFS and OS (p
0.02 and 0.04, respectively. Data not shown).

Univariate and multivariate analyses
Clinical variables potentially influencing survival were
included in a univariate model (Table 3). The variables
resulted significant, were further included in a multivari-
ate model. In both cohorts, among factors included in
the univariate model, PS, liver metastases and bone me-
tastases independently associated with higher risk of
death in the multivariate model (HRs in BoM+: 1.50 in

Fig. 1 OS in the two cohorts, in patients with PS = 0 and in patients with liver metastases. a: In all non-squamous patients, OS was 7.4 versus
15.3 months in BoM+ and BoM- (< 0.0001), respectively. b: In all squamous patients, OS was 5.0 versus 10.9 months in BoM+ and BoM- (< 0.0001),
respectively. c: In non-squamous patients with PS = 0, OS was 12.0 versus 20.9 months (p < 0.0001) in patients BoM+ and BoM-, respectively. d: In
squamous patients with PS = 0, OS was 5.8 versus 16.4 months (p < 0.0001) in patients BoM+ and BoM-, respectively. e: In non-squamous patients
with liver metastases, OS was 4.0 versus 8.4 months (p < 0.0001) in patients BoM+ and BoM-, respectively. f: In squamous patients with liver
metastases, OS was 5.5 versus 6.4 months (p = 0.48) in patients BoM+ and BoM-, respectively
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non-squamous and 1.78 in squamous, p < 0.0001 for
both cohorts). The same results were obtained when
considering these factors for PFS and ORR (Add-
itional file 8 and Additional file 9).

Additional analyses
In order to define the impact of palliative radiother-
apy to the bone, we analyzed data considering all
BoM+ patients (non-squamous and squamous) as di-
vided into two groups: patients with bone metastases
treated with RT (BoM+/RT+, N = 302) and patients
with bone metastases and no prior RT (BoM +/RT-,
N = 444). No differences in terms of OS, PFS and
ORR were observed (Additional file 10). Further, we
evaluated early deaths (intended as death within the
first 3 months of treatment) and early progressions
(intended as progression within the first 3 months of
treatment) in the whole study population (non-squa-
mous plus squamous, N = 1959) according to bone
metastases (BoM+, N = 746; BoM- = 1213) and to
prior RT. Both early deaths and early progressions
were significantly higher in BoM + patients included
in the EAP nivolumab program and were not influ-
enced by prior RT (Additional file 11). Finally, we
performed the same analysis considering the

METROS cohort. In such study, early progressions
events resulted numerically higher in patients with
bone metastases (Additional file 11).

Safety
Summary of AEs occurring in > 1% of patients is re-
ported in Additional file 12. In cohort A any grade or
grade 3–4 AEs were respectively 31 and 7% in BoM+
and 34 and 7% in BoM-. Differences were not statisti-
cally significant. The most common grade 3/4
treatment-related AEs were fatigue/asthenia (2%),
anemia (1%), increased transaminases (2%), increased
lipase/amylase (1%), dyspnea (1%), and pneumonitis (1%)
in BoM+ patients, and fatigue/asthenia (2%), pain (1%),
and dyspnea (1%) in BoM- patients. Discontinuation rate
was 88% (n = 553) in BoM+ and 78% (n = 747) in BoM-.
Treatment-related (TR) AEs leading to discontinuation
occurred in 24 (4%) patients with bone metastasis and
41 (5%) patients without bone metastasis. Similar results
were observed in the cohort B, where grade 3–4 gastro-
intestinal AEs occurred in 3% of BoM+ and < 1% in
BoM-. BoM+ had endocrine grade 3–4 AEs in 5% versus
< 1% in BoM-. TRAEs leading to discontinuation were
reported in 16 (2.1%) of BoM+ and 63 (5.2%) in BoM-.
Selected TRAEs were managed using protocol-defined

Table 3 Univariate and multivariate analyses for OS in cohorts A and B combined

Cohort A Cohort B

Factors Univariate
analysis
HR (95% C.I.)

p Multivariate
analysis
HR (95% C.I.)

p Univariate
analysis
HR (95% C.I.)

p Multivariate
analysis
HR (95% C.I.)

p

Age (≥ 65 vs≤ 65) 0.9 (0.80–1.04) 0.18 – – 1.13
(0.86–1.47)

0.38 – –

Gender

(male vs female) 1.03 (0.89–1.18) 0.73 – – 1.20
(0.87–1.67)

0.27 – –

ECOG PS

1 vs 0 1.59 (1.37–1.83) < 0.0001 1.45
(1.24–1.69)

< 0.0001 1.59
(1.20–2.11)

0.001 1.51
(1.14–2.00)

0.04

2 vs 0 3.47 (2.71–4.45) < 0.0001 3.09
(2.38–4.02)

< 0.0001 2.53
(1.54–4.17)

< 0.0001 2.46
(1.49–4.05)

< 0.0001

Smoking habits

Current/former vs never 0.85 (0.72–1.00) 0.05 – – 1.27
(0.79–2.07)

0.32 – –

Brain mets
(yes vs no)

1.24 (1.06–1.43) 0.006 – – 1.07
(0.70–1.63)

0.75 – –

Liver mets
(yes vs no)

1.84 (1.58–2.15) < 0.0001 1.64
(1.39–1.93)

< 0.0001 1.58
(1.16–2.15)

0.004 1.43
(1.01–1.95)

0.03

Bone mets
(yes vs no)

1.67 (1.46–1.91) < 0.0001 1.50
(1.30–1.73)

< 0.0001 1.90
(1.47–2.47)

< 0.0001 1.78
(1.37–2.31)

< 0.0001

Previous CT Lines

2 vs 1 0.87 (0.73–1.03) 0.10 – – 0.91
(0.61–1.22)

0.54 – –

> 2 vs 1 1.03 (0.88–1.21 0.67 0.73 (0.53–1.02) 0.06
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toxicity management algorithms. No treatment-related
deaths occurred.

Discussion
While ICIs have shown significant efficacy in controlling
visceral metastases in several malignancies, their specific
efficacy in patients with bone metastases is not well
understood [10–12]. To the best of our knowledge, this
is the largest study investigating whether presence of
bone metastases influences immunotherapy efficacy in
NSCLC. BoM+ patients had poor outcome for any effi-
cacy end-point, irrespective of tumor histology, patient
PS, concomitant spread into the liver or brain, or prior
palliative radiotherapy in the bone, showing that organ-
specific metastases are relevant factors in individual can-
didate to immunotherapy.
Distant metastases, particularly in the liver or in the

brain, negatively affect survival in NSCLC [21–23]. Even if
clinical trials with immunotherapy generally included only
patients with asymptomatic and pretreated brain metasta-
ses, immunotherapy seems effective in controlling intracra-
nial disease [24, 25]. In addition, recent findings suggested
that immunotherapy could be particularly effective in pa-
tients with hepatic localizations. In the IMPOWER 150
trial, a phase III study investigating efficacy of atezolizumab,
a monoclonal antibody against PD-L1, in addition to
carboplatin-paclitaxel-bevacizumab or to carboplatin-
paclitaxel versus carboplatin-paclitaxel-bevacizumab com-
bination, a remarkable OS improvement was observed in
patients with liver metastases, raising the question whether
site of disease is a relevant factor for immunotherapy [3].
The increasing interest in defining immunotherapy efficacy
according to the site of metastatic [10–12], led us to focus
our interest on the bone for two main reasons. The first
one was the evidence that bone has a relevant role in
modulating immune-response [16, 26]. Bone marrow con-
tains high levels of multiple immune cells with relevant
functions. It is now clear that bone marrow can supplant
the secondary lymphoid tissue either as a site of primary
immune response or memory response [16]. Thus, bone
marrow is an immune regulatory organ, affecting systemic
immunity and therapeutic efficacy of conventional treat-
ments and immunotherapy [13]. The second reason relies
on the evidence that presence of bone metastases is a nega-
tive prognostic factor in lung cancer. Literature data clearly
indicated that skeletal involvement is associated with
shorter survival [14]. Recently, a large phase III study con-
firmed that bone involvement is a negative prognostic fac-
tor. In the CheckMate 227 study, patients with bone
metastases assigned to platinum-based chemotherapy had a
median OS of only 8months, shorter than in individuals
without bone disease [27]. Nevertheless, none of the ran-
domized trials with immunotherapy, including the Check-
Mate 227, stratified patients for site of metastases

precluding any firm conclusion. In our study, two different
cohorts of patients, accounting for a total of 1959 patients,
received nivolumab in second or further line of therapy. In
both cohorts, patients with bone metastases had signifi-
cantly lower systemic response rate and significantly shorter
PFS and OS. By analyzing the data, we first hypothesized
that the negative outcome of BoM+ patients was related to
the lower PS generally associated with bone metastases, or
to coexistence of liver or brain metastases. Nevertheless, a
detrimental effect was observed independently of PS or
intracranial or hepatic involvement, thus suggesting a dif-
ferent mechanism than a simple PS deterioration or high
tumor burden. Even if the lack of a control arm precluded
the possibility to discriminate between predictive and prog-
nostic role of bone metastases, data from the Checkmate
057 study, a phase III trial comparing nivolumab to doce-
taxel as second-line therapy in NSCLC, support the hypoth-
esis that bone involvement could predict lower sensitivity
to immunotherapy [28]. In this trial, among 161 patients
with skeletal metastases, 86 received nivolumab and 75 do-
cetaxel. Survival analysis showed that 26 out of 86 patients
in the nivolumab arm versus 11 out of 75 in the docetaxel
arm died within 3months, and this difference was statisti-
cally significant (p = 0.019). Similarly, in our study, BoM+
patients had an excess in early progression and death re-
inforcing the hypothesis that immunotherapy cannot re-
verse the negative prognostic value of bone dissemination.
In addition, a recent study in breast cancer mouse model
showed that antitumor efficacy of PD-1 blockade is en-
hanced by concomitant administration of zoledronic acid, a
biphosphonate-drug typically used in the treatment and
prevention of pathologic fractures [26, 29]. All together
these data support the concept of bone as an organ modu-
lating sensitivity to immunotherapy. In our study, data on
concomitant use of biphosphonates were not collected pre-
cluding us the possibility to explore whether such agents
could also influence sensitivity to immunotherapy.
Other limitations of our study included its retrospective

nature without a predefined method for bone assessment,
the lack of information on bone involvement (single versus
multiple lesions), the absence of a control arm without im-
munotherapy and the lack of information on PD-L1 expres-
sion and TMB status. PD-L1 expression was not required
for study entry and lack of tumor tissue from patients in-
cluded onto the study did not allow additional biomarker
analyses. Indeed, further studies are warranted to define
whether levels of PD-L1 expression or TMB differ in pa-
tients with or without bone metastases and whether the
worse outcome of BoM+ patients depends on the status of
the two biomarkers. Moreover, since all patients included in
the present analyses were pretreated, it is not possible to de-
fine whether the same effect is present in first-line setting.
Even with these limitations, the outcome of our patients was
similar to what has been observed in clinical trials [5, 6].
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Finally, whether anti-angiogenic agents could in-
crease immunotherapy efficacy in BoM+ patients is a
crucial question to address. In bone marrow, imma-
ture myeloid cells differentiate in myeloid-derived
suppressor cells (MDSCs) and acquire immunosup-
pressive activity [16]. Among anti-cancer drugs
potentially affecting the MDSC component, bevacizu-
mab seems one of the most promising. In a recent
study, Wallin et al. showed that combination of ate-
zolizumab and bevacizumab increases intra-tumoral
CD8 + T cells, suggesting that dual anti-VEGF and
anti-PD-L1 inhibition improves antigen-specific T-
cell migration [30]. Even if the IMPOWER 150 trial
supported the synergistic effect of atezolizumab and
bevacizumab combination, the efficacy of this strat-
egy in BoM+ patients remains undefined and add-
itional investigations are warranted [3].

Conclusions
In conclusion, our data suggest that presence of BoM
could impair immunotherapy efficacy. Additional studies
should investigate biological mechanisms responsible for
such effect, including whether PD-L1 expression or
TMB could discriminate subpopulation of BoM+ pa-
tients benefiting from the treatment. Accurate bone sta-
ging should be included in clinical trials with
immunotherapy.
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