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Background: Bone metastases (BoMs) are prevalent in patients with metastatic
non-small-cell lung cancer (NSCLC) however, there are limited data detailing
how BoMs respond to immune checkpoint inhibitors (ICls). The purpose of this
study was to compare the imaging response to ICls of BoMs against visceral
metastases and to evaluate the effect of BoMs on survival.

Materials and methods: A retrospective, multicentre cohort study was
conducted in patients with NSCLC treated with nivolumab or pembrolizumab
in Alberta, Canada from 2015 to 2020. The primary endpoint was the real-world
organ specific progression free survival (osPFS) of bone versus visceral
metastases. Visceral metastases were categorized as adrenal, brain, liver, lung,
lymph node, or other intra-abdominal lesions. The secondary outcome was
overall survival (OS) amongst patients with and without BoMs.

Results: A total of 573 patients were included of which all patients had visceral
metastases and 243 patients (42.4%) had BoMs. High PD-L1 expression was
identified in 268 patients (46.8%). No significant difference in osPFS was observed
between bone, liver, and intra-abdominal metastases (p=0.20 and p=0.76,
respectively), with all showing shorter osPFS than other disease sites. There
was no difference in the osPFS of extra-thoracic sites of disease in patients with
high PD-L1 expression. There was significant discordance between visceral
disease response and bone disease response to ICl (p=0.047). The presence of
BoMs was an independent poor prognostic factor for OS (HR 1.26, 95%Cl: 1.05—
1.53, p=0.01).
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Conclusion: Metastatic bone, liver, and intra-abdominal lesions demonstrated
inferior clinical responses to ICl relative to other sites of disease. Additionally, the
presence of bone and liver metastases were independent poor prognostic
factors for overall survival. This real-world data suggests that BoMs respond
poorly to ICI and may require treatment adjuncts for disease control.

KEYWORDS

non-small-cell lung cancer, bone, metastasis, checkpoint inhibitors,
tumour microenvironment

Introduction

Immune checkpoint inhibitors (ICIs) are revolutionizing the
treatment landscape of several solid tumour malignancies, including
non-small-cell lung cancer (NSCLC). IClIs targeting the programmed
death-1 (PD-1)/PD-ligand 1 (PD-L1) axis are now standard of care
for metastatic NSCLC in the first- and second- line setting (1-9).

Bone metastases (BoMs) are highly prevalent in NSCLC, with
up to 40% of patients developing BoMs during the course of their
disease (10). BoMs will frequently cause skeletal-related events
(SREs) such as intractable bone pain, neurologic compromise,
hypercalcemia, and pathologic fracture leading to reductions in
Eastern Cooperative Oncology Group Performance Status (ECOG
PS) and quality of life (11-13). Furthermore, the presence of BoMs
is a poor prognostic factor for overall survival (OS) (14). Insights
into whether BoMs respond to systemic therapies such as ICIs are
important to multidisciplinary decision making, and may prevent
unnecessary intervention. Conversely, lesions not anticipated to
heal can be strategically treated with radiotherapy (RT) or
orthopaedic surgery to prevent progressive morbidity.

There is growing evidence that the anatomic site of metastatic
disease affects response to ICI (15, 16). Pre-clinical and clinical studies
have demonstrated distinct patterns of organ-specific responsiveness
(17-28). This may be due to differences in the tumour biology of
malignant cells that metastasize to different organs and variations in the
tumour-immune microenvironment (TIME) intrinsic to the cell
populations of different anatomic tissues (29-32). The alteration in
normal bone homeostasis with BoMs creates physical space for tumour
expansion and induces the release of growth factors and cytokines that
further support tumour growth and an immunosuppressive TIME (13,
33). Mechanisms of immunosuppression within the bone TIME
include a decreased population of cytotoxic T cells and natural killer
(NK) cells, increased populations of suppressor cells including
regulatory T cells (Tregs) and myeloid-derived suppressor cells
(MDSC), and a cytokine environment favouring tumour growth (13,
22, 34, 35). This is largely driven by supraphysiologic levels of tissue
growth factor beta (TGF-B) released from bone resorption (22).

Preliminary studies have identified inferior clinical outcomes and
lower therapeutic response rates in patients with BoMs treated with
ICIs, suggesting ICIs may be less effective in BoMs (15, 24, 36). In a
recent study of 1959 patients with advanced NSCLC treated with
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nivolumab, there was shorter progression free survival (PFS), lower
OS and a lower objective response rates (ORR) in the subgroup of
patients with BoMs (24). Poor clinical outcomes in this population
have been similarly observed in other smaller retrospective studies
(36, 37). Few of the large randomized controlled trials have
specifically investigated the consequences of BoMs on ICI response,
nor stratified patients according to the presence of BoMs. Thus,
evidence specifically addressing patients with BoMs is lacking, and the
prognostic significance of BoMs with ICI treatment remains unclear.

In this study, the imaging-based treatment responses of
individual sites of metastatic disease were systematically evaluated
in patients with NSCLC treated with ICI to determine site-specific
patterns of response. The principal outcome measure compared the
real-world organ specific PFS (0sPFS) of metastatic bone lesions
against visceral and lymphatic lesions. Secondary outcomes
evaluated OS of patients with and without BoMs.

Materials and methods

The records of all patients who received ICI therapy advanced
NSCLC in Alberta, Canada between December 2015 and June 2020
were retrospectively reviewed. The last follow-up evaluation of patients
was performed in July 2021. Patients were identified for potential
inclusion from the Alberta Immunotherapy Database developed
utilizing the Alberta Cancer Registry (38). Adult patients who
received at least one dose of ICI for metastatic NSCLC were screened
for inclusion. Patients were excluded if they had insufficient imaging,
locally advanced NSCLC or a second, active malignancy. Adequate
imaging was defined as: (1) a baseline total body CT scan of the chest,
abdomen and pelvis (CT CAP) or positron emission tomography
(PET) scan within three months prior to starting treatment and, (2)
regular surveillance imaging at a minimum of every three months while
on treatment. Consequently, only BoMs of the spine, ribs, pelvis, and
proximal femur were routinely evaluated. Patients received ICI
according to local practices in a real-world setting and additionally,
they may have received additional treatments such as RT, surgery and/
or other medications according to clinical indications. This study was
conducted in accordance with the Declaration of Helsinki (1965) and
approved by the local Research Ethics Board (HREBA.CC-19-0380). A
waiver of consent was obtained for this retrospective study.
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Tumour response to ICI treatment was assessed across serial
imaging studies. Visceral tumour response was evaluated by
retrospectively applying parameters according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
(Table 1) (39). The best response of each metastatic organ of
disease was characterized individually according to the sum of all
lesions within that organ. Visceral organ sites of disease were
categorized by anatomic site as adrenal, brain, liver, lung, lymph
node or other intra-abdominal lesions. As bone lesions are generally
considered immeasurable by RECIST, they were analysed separately
following the subjective measures of the MD Anderson (MDA)
criteria (Table 1) (40). An MSK radiologist independently reviewed
the bone response of any imaging study that was deemed
indeterminate by the previous radiology report. Metastatic lesions
in irradiated areas either before or during ICI treatment were not
evaluated for response unless there had been documented disease
progression with ICI at that site to reduce the confounding effect of
radiation. Time to progression of each organ site of disease was
evaluated to determine the real-world organ specific (os) PFS. Best
ORR, PFS and OS were evaluated. Complications including immune-
related adverse events (IrAE) and SREs including surgery, RT, and
spinal cord compression were recorded. Sub-group analysis was
performed in patients with high PD-L1 expression. PD-L1 is
routinely analysed on pathology samples at a single laboratory for
the entire health region utilizing the PD-L1 IHC 22C3 pharmDx
assay by Dako (Agilent Technologies, California).

Statistical analysis

Descriptive statistics were performed for all patient
characteristics. OS and PFES were calculated using the Kaplan-

TABLE 1 Response criteria for visceral and bone lesions.

Response Imaging Criteria

Visceral Tumours [10]

CR Disappearance of all lesions
Reduction to <10mm in short axis for all lymph
node metastases

PR >30% reduction in diameter

PD >20% growth in diameter
Appearance of new lesions

SD Neither CR, PR nor PD
Bone Tumours [13]

CR Complete sclerotic fill in
Normalization of bone density

PR Development of a sclerotic rim, partial sclerotic fill-in,
osteoblastic flare
>50% subjective decrease in size

PD New bone metastases
>25% subjective increase in size

SD No change

CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease.
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Meier survival analysis with 95% confidence intervals (CI). OS
and PFS were measured from the first dose of ICI. PFS was
calculated as the time from the start of ICI treatment until
evidence of progressive disease or death, whichever occurred first.
Patients who were lost to follow-up or alive at the time of data
collection were censored at the last date of follow-up. Differences
between survival curves were evaluated with log rank tests. Real-
world osPFS was estimated using Kaplan-Meier survival for each
site of metastatic disease and compared using pairwise log-rank
tests. Discordance between bone and visceral response were
compared with a McNemar test. Categorical variables were
compared using Chi-square tests. A Cox proportional hazards
model was used to evaluate the association between patient
characteristics and survival; Hazard Ratios (HRs) with 95% CIs
were reported. A subgroup analysis was performed for patients with
PD-L1 expression 250%. All statistical analyses were performed
using Lifelines and Scipy libraries in Python.

Results

A total of 743 patients with metastatic NSCLC were treated with
ICI across five centres in Alberta, Canada over a five-year period.
Among them, 573 patients had sufficient imaging and were
included in this study. Median age was 66.9 years and 295
patients (51.5%) were male. Adenocarcinoma was the most
common histologic subtype (n=448, 78.2%). On baseline imaging,
243 patients (42.4%) had evidence of BoMs. 522 patients (91.1%)
received ICI monotherapy, with 191 patients receiving nivolumab
and 308 receiving pembrolizumab for a median of five cycles (IQR:
2-16). Combined pembrolizumab and platinum doublet therapy
was prescribed in 51 patients (8.9%). Most patients received an ICI
as first-line (n=285, 49.7%) or second-line treatment (n=228,
39.8%). Driver mutations, including EGFR, KRAS, and ALK were
present in 49 patients (n=24, 23, and 2 patients respectively). All
patients with an EGFR driver mutation were treated in the second
or subsequent line setting after receiving a tyrosine kinase inhibitor
as first line. The median frequency of follow-up imaging studies was
7.6 weeks (IQR: 6.4-9.9). Baseline patient and treatment
characteristics are summarized in Table 2.

Treatment outcomes

In all patients, the ORR was 31.4% (95%CI: 27.2-36.0). Median
PES of all patients was 3.7 months (95%CI: 3.1-4.3) and OS was 8.1
months (95%CI: 6.9-9.3).

Organ specific progression free survival

Median time to bone lesion progression was 2.7 months (95%
CI: 2.4-3.3), significantly shorter than visceral lesion progression at
3.8 months (95%CI: 3.1-4.4 [p=0.01]). To evaluate organ-specific
responsiveness to ICI, real-world osPFS amongst each major site of
disease was compared using Kaplan-Meier survival analysis
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TABLE 2 Patient and treatment characteristics.

10.3389/fimmu.2024.1379056

Total Cohort n=573 BoMs Group n=243 No BoMs Group n=330 p-value
Median age (IQR) 66.9 (60.6 - 73.4) 66.0 (59.5-72.2) 68.9 (62.0-74.0) 0.01*
Sex, n (%) 0.13
Male 295 (51.5) 134 (55.1) 161 (48.8)
Female 278 (48.5) 109 (44.9) 169 (51.2)
Histology, n (%) 0.04*
Adenocarcinoma 448 (78.2) 202 (83.1) 246 (74.6)
Squamous cell carcinoma 104 (18.2) 37 (15.2) 67 (20.3)
Unknown 21 (3.7) 4(1.7) 17 (5.2)
ECOG PS, n (%) 0.69
0 70 (12.3) 25 (10.4) 45 (13.7)
1 333 (58.6) 142 (59.2) 191 (58.1)
2 140 (24.7) 62 (25.8) 78 (23.7)
3 25 (4.6) 11 (4.6) 15 (4.6)
Sites of metastatic disease at baseline, n (%)
Lung 552 (96.3) 231 (95.1) 321 (97.3) 0.16
Lymphatic 427 (74.5) 179 (73.7) 248 (75.2) 0.68
Bone 243 (42.4) 243 (100) 0 (0)
Brain 104 (18.2) 49 (20.2) 55 (16.7) 0.29
Liver 122 (21.3) 75 (61.5) 168 (27.3) <0.001*
Adrenal 106 (18.5) 48 (19.8) 58 (17.6) 0.51
Other intra-abdominal 49 (8.6) 24 (9.9) 25 (7.6) 0.33
PD-L1 Status 0.051
None 80 (14.0) 38 (15.6) 42 (12.7)
Low (1-49%) 95 (16.6) 42 (17.3) 53 (16.1)
High (250%) 268 (46.8) 98 (40.3) 170 (51.5)
Unknown 130 (22.7) 65 (26.8) 65 (19.7)
Driver mutation, n(%)
EGFR 24 (4.2) 16 (6.7) 6 (1.8) 0.006*
KRAS 23 (4.0) 7 (14.0) 16 (20.0) 0.38
ALK 2(0.4) 0 2
Line of treatment, n (%) 0.004*
First 285 (49.7) 108 (44.4) 177 (53.6)
Second 228 (39.8) 99 (40.7) 129 (39.1)
Subsequent 60 (10.5) 36 (14.8) 24 (7.2)
Number of cycles, median (IQR) 5 (2-16) 4 (2-10) 7 (2-20) <0.001*
Treatment regimen, n (%)
Nivolumab 191 (33.3) 89 (36.6) 102 (30.9) 0.15
Pembrolizumab 308 (53.8) 142 (58.4) 217 (65.8) 0.07
Durvalumab 3(0.5) 0 3 (100)
(Continued)
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TABLE 2 Continued

Total Cohort n=573

BoMs Group n=243

10.3389/fimmu.2024.1379056

No BoMs Group n=330 p-value

Treatment regimen, n (%)

Atezolizumab 8 (1.4) 7 (2.9) 1(0.3) 0.009*
Pembrolizumab + platinum doublet 51 (8.9) 25 (10.3) 26 (7.9) 0.32
Concurrent radiation therapy to any 146 (26.9) 95 (41.5) 51 (16.3) <0.001*
site, n (%)*
Concurrent BMA, n(%)
Bisphosphonate 11 (4.5)
Denosumab 7 (2.9)

BoMs, bone metastases; IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PD-L1, programmed death-ligand 1; EGFR, epidermal growth factor
receptor; KRAS, Kirsten rat sarcoma viral oncogene; ALK, anaplastic lymphoma kinase; BMA, bone modifying agent.
“Metastatic lesions in irradiated areas either before or during ICI treatment were not evaluated for response unless there had been documented disease progression with ICI at that site.

(Figure 1). A significant difference was found in the time to
progression between organs (p<0.005). The shortest one-year PFS
was noted in liver (15.7%, 95%CI: 10.7-21.5), abdominal (16.2%,
95%CI: 8.6-25.8) and bone (17.8%, 95%CI: 13.6-22.4) lesions.
Pairwise log rank tests demonstrated no significant difference
between these sites of disease (p=0.20 and p=0.75, respectively),
and all demonstrated shorter osPFS than the other sites of disease.
Brain, adrenal, lung lesions, and lymph nodes had a significantly
longer PFS than bone lesions (Table 3). Furthermore, there was
statistically significant discordance between bone disease response
and visceral disease response (Table 4, p=0.047).

Bone metastases and survival

Patients with BoMs had shorter survival compared to those
without with a median OS of 6.1 months (95%CI: 4.9-7.1) versus
10.8 months (95%CI: 8.4-14.6; p=0.01) on univariate analysis.
Multivariate log rank test demonstrated a difference in OS
according to PD-L1 status amongst patients with BoMs

(p<0.005). Patients with low PD-L1 expression had significantly
shorter survival compared to no PD-L1 and high PD-LI expression
(3.3 months versus 6.3 and 6.9 months respectively, p=0.03 and
p<0.005). The presence of BoMs was an independent, poor
prognostic factor of OS on multivariate analysis (hazard ratio:
1.26, 95%CIL: 1.05-1.53; p=0.01). ECOG PS >2, line of treatment
>2 and the presence of brain, liver and intra-abdominal lesions were
also found to be poor prognostic factors for OS (Table 5).

High PD-L1 expression subgroup analysis

High PD-L1 expression was present in 268 (46.8%) of patients,
of which 98 (36.6%) had BoMs at baseline. In this subgroup, osPFS
was significantly longer in lymph and lung lesions than the other
distant sites of metastatic disease; however, no difference was
observed in the osPFS in abdominal, adrenal, bone, brain and
liver metastases (Figure 2; Table 6). Median PFS was 4.7 months
(95%CI: 3.9-6.2) and OS was 9.1 months (95%CI: 7.3-14.8). On
multivariate survival analysis, only ECOG PS 22 and the presence of
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FIGURE 1
Kaplan-Meier survival analysis of organ specific progression free survival.
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TABLE 3 One-year progression free survival probability by organ site
of disease.

Pairwise
log-rank test
comparison to
BoMs, p-value

Organ site

One-year PFS (%)

10.3389/fimmu.2024.1379056

TABLE 5 Multivariate analysis of overall survival in entire cohort and
high PD-L1 expression subgroup.

Entire cohort,
HR (95%Cl);
p-value

Variables High PD-L1
expression
subgroup, HR

(95%Cl); p-value

Abdominal 16.2% (8.6-25.8) 0.40 Age 0.99 (0.98-1.00), p=0.24 1.00 (0.99-1.02), p=0.87

Adrenal 26.2% (19.0-33.9) 0.03* Sex, male vs. female 1.01 (0.85-1.22), p=0.87 0.95 (0.72-1.27), p=0.75

Bone 17.8% (13.6-22.4) Line of treatment, 1.39 (1.67- 0.85 (0.59-1.22), p=0.38
second and subsequent 3.47), p<0.005*

Brain 26.3% (19.2-33.9) 0.03* lines vs. first line

Liver 15.7% (10.7-21.5) 020 ECOG PS, 22 vs. 0-1 1.97 (1.62- 212 (158 - 2.85),

2.40), p<0.005* <0.005*
Lung 30.2% (26.4-34.1) <0.005* »P P
Lymph 343% (30.0-38.7) <0.005* Baseline lesions, yes vs. no

*Indicates statistical significance, p<0.05.
PFS, progression free survival; BoMs, bone metastases.

liver metastases at baseline were identified as significant poor
prognostic factors for OS (Table 5). Unlike in the total study
cohort, BoMs were not identified as a poor prognostic factor for
OS (HR: 1.24, 95%CI:0.92-1.68, p=0.16).

Skeletal related events

The rate of SREs amongst patients with BoMs was 44.0% (95%
CL: 32.5-45). Of the patients with BoMs, 27 (11.1%) required
orthopaedic surgery for an impending or actual pathologic
fracture. Notably, eight of these patients requiring surgery for a
BoM had PR recorded in their visceral metastases. In addition, 14
patients (5.8%) experienced spinal cord compression with four
(1.5%) requiring spine surgery and 87 patients (35.8%) required
RT for symptomatic BoMs.

Discussion

ICIs are standard of care for non-oncogene driven advanced
NSCLC, however, ICI efficacy in patients with BoMs is not well
understood. BoMs lead to impaired quality of life through pain,
fracture, and reduced mobility, thus, understanding how BoMs may

TABLE 4 Response of visceral disease and bone disease to immune
checkpoint inhibitors.

Visceral Disease Bone Disease

Progressive Disease, n (%) | 167 (29.1) 140 (57.6)
Stable Disease, n (%) 152 (26.5) 55 (22.6)
Partial Response, n (%) 145 (25.3) 47 (19.3)
Complete Response, 0 0

n (%)

Visceral disease measured retrospectively with RECIST criteria; bone disease measured with
MD Anderson criteria.

Significant discordance between visceral disease response and bone disease response was
identified, p=0.047.

Frontiers in Immunology

Abdominal | 1.41 (1.03- 1.43 (0.86-2.38), p=0.17
1.93), p=0.03*
Adrenal | 1.04 (0.82-1.30), p=0.77 | 1.06 (0.74-1.51), p=0.75
Brain | 1.26 (1.00-1.60), p=0.05 | 1.30 (0.90-1.88), p=0.17
Bone | 1.30 (1.08- 1.24 (0.92-1.68), p=0.16
1.57), p=0.01*
Liver | 1.42 (1.14- 1.68 (1.17-
1.77), p<0.005* 2.42), p<0.005*
Lung | 143 (0.86-2.36), p=0.16 | 1.67 (0.81-3.42), p=0.16
Lymph node | 1.19 (0.97-1.46), p=0.10 | 1.21 (0.84-1.74), p=0.31

*Indicates statistical significance, p<0.05.
ECOG PS, Eastern.

be impacted by ICI is imperative to the multidisciplinary
management of these patients. In this real-world study, bone,
liver, and intra-abdominal lesions had a statistically shorter time
to progression compared to other organ sites of disease. Significant
discordance was found in the response of bone lesions versus
visceral lesions. Furthermore, the presence of BoMs was an
independent poor prognostic factor for OS in addition to ECOG
PS >2, second or subsequent line of treatment, and baseline liver or
other abdominal lesions. When specifically evaluating a subgroup of
patients with high PD-L1 expression, it was observed that distant
organ sites of disease demonstrated equivalent time to progression.
In this subgroup, only ECOG PS >2 and liver metastases were
identified as poor prognostic factors for OS on multivariate analysis.
Our data validates other studies demonstrating that in advanced
NSCLC, BoMs have sub-optimal disease control with ICI and
patients with BoMs have poor clinical outcomes (23, 24, 28).
Differences in progression across organ sites of disease with ICI
is most likely attributed to variations in the local TIME. Organ-
specific TIMEs regulate tumour growth, determine metastatic
progression, and likely impact the outcome of immunotherapy
(27). Bone is an immunologic organ that contains an abundance
of immune cells, growth factors and cytokines (41, 42). Growing
evidence indicates that the bone TIME is immunosuppressive, with
local immune cells unable to control cancer cell proliferation,
potentially limiting the bone activity of ICIs (15, 42). The
immunosuppressive TIME appears to be driven in part by the
excessive bone resorption occurring with osteolytic damage, which
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FIGURE 2

Kaplan-Meier survival analysis of organ specific progression free survival in patients with high PD-L1 expression, p<0.001.

leads to the release of immunosuppressive factors such as TGF-f3
and interleukin (IL)-6 production (19, 20, 22). TGF-f skews the
differentiation of CD4- T cells to T helper (Th)17 polarization
rather than Th1 cells, reducing the activation of effector CD8- T cell
and inducing tumour-promoting inflammation (22, 42-44). TGF-3
indirectly induces the expansion and activity of Tregs, enhancing
their immunosuppressive activity and increasing the number seen
in metastatic bone lesions (44). Tregs are highly trafficked within
bone under physiologic conditions, and work to suppress the
response of effector T and NK cells (34, 42). Elevated IL-6 and
TGEF-P further suppresses dendritic cell differentiation and NK cell
proliferation (34). Altogether, this leads to exclusion of effector
immune cells in the bone TIME, permitting tumour expansion and
ICI resistance (20). Thus, despite the abundance of immune cells
present in bone, the distinctive cytokine profile may shift the
balance towards an immune-excluded TIME.

Clinical evidence supports the hypothesis that local anatomic
regions of tumour growth influences the TIME composition (27).
Previous studies evaluating organ specific responses to ICIs have

TABLE 6 One-year progression free survival probability by organ site of
disease in patients with high PD-L1 expression.

Pairwise
log-rank test
comparison to
BoMs, p-value

Organ site

One year PFS (%)

Abdominal 16% 0.35
Adrenal 35% 0.48
Bone 27%

Brain 38% 0.10
Liver 19% 0.30
Lung 36% <0.001*
Lymph 40% <0.001*

PFS, progression free survival; BoMs, bone metastases.
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identified the greatest response rates in lymph node metastases and
poorest in liver metastases (28, 36, 45). Similar to the bone TIME,
the liver appears to have distinct immune tolerance through
multiple mechanisms including activation of Tregs and CD4- T
cell death, affecting local and systemic tumour immunity (36). In
melanoma, the presence of liver metastases has been associated with
fewer tumour infiltrating lymphocytes, both at the liver lesion and
at other distant metastases (46). Lymph nodes, however, are
consistently responsive to ICI across studies, perhaps owing to
the role of tumour-draining lymph nodes in priming antigen-
specific responses to PD-1 blockade (47). Early bone response to
ICI has been significantly correlated with visceral disease control
(37). Using the MD Anderson criteria, Nakata et al. identified a 40%
response rate of BoMs amongst 15 patients treated with nivolumab,
and osteosclerotic bone response within three months of starting
ICI treatment was predictive of favourable outcomes (37). Our
study found time to bone progression was equivalent to liver
lesions, with both anatomic sites demonstrating the shortest time
to progression. This finding was also identified in a study of 761
individual lesions from patients with NSCLC that identified the
worst response to nivolumab amongst bone and liver lesions (36).
Further pre-clinical and clinical studies are warranted to dissect the
architecture of the bone TIME and its interaction with ICI. These
findings with have important therapeutic implications for guiding
combination treatments and recommendations for situations of
oligo-progression in future.

Studies continue to demonstrate a negative prognostic role of
BoMs in NSCLC despite ICI treatment. Growing evidence supports
that this is due to the immunosuppressive TIME described in bone,
but other factors including large tumour burden, driver mutations,
lower ECOG PS, and line of treatment may also play a role (42). In
the present study, notable differences in patients with BoMs
compared to those without included the presence of liver
metastases, driver mutations, and line of therapy which could
influence prognosis as well as response to ICL. This is a limitation
of retrospective and small prospective studies evaluating this patient
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population. Only 1% of publications studying ICIs report on BoMs,
and very few randomized trials have included outcomes pertaining
to this population (42). Among patients with BoMs in the
Checkmate-057 trial, death within three months of treatment
initiation occurred more often in patients receiving nivolumab
compared to docetaxel (1). In the Checkmate-227 trial, patients
with BoMs treated with nivolumab and ipilimumab had lower
median OS than patients without (13.4 months versus 18.8
months). Notably, there was no difference in median OS between
the ICI treatment group and chemotherapy group for patients with
BoMs (48). A retrospective study of 1959 pre-treated NSCLC
patients receiving nivolumab demonstrated a significantly lower
PFES and OS amongst patients with BoMs with both non-squamous
and squamous histology (OS: 7.4 vs 15.3 months, p<0.001, PFS: 5 vs
10.9 months, p<0.001). These findings were irrespective of ECOG
PS, presence of brain or liver disease, or prior RT to bone (24). In
our study, BoMs had an independent negative impact on survival in
the overall cohort in addition to ECOG, line of treatment and the
presence of liver lesions.

There may be some benefit to ICI combination therapy with
either chemotherapy or an EGFR-tyrosine kinase inhibitor for
patients with BoMs. A retrospective study of 204 patients
identified BoMs as an independent poor prognostic factor in the
monotherapy group but noted no difference in clinical outcomes in
the combination therapy group. While no statistical comparison
was performed between treatment groups, median PFS in patients
with BoMs was 4.2 months in the monotherapy group and 12.1
months in the combination group (25). Sample size constraints
precluded separate analysis of patients receiving combined ICI and
chemotherapy treatment in the present study. Another combination
therapy with possible synergism is the use of ICI with bone
modifying agents. Specifically, denosumab has been correlated
with improved response to ICI and survival outcomes due to
interactions with the receptor activator of nuclear factorkB
pathway as well as reductions in SREs (42, 49-52). SREs are a
major complication of BoMs that have an influence on quality of
life, morbidity, and mortality (10). The rate of SREs in the present
study was 44.0% (95%Cl: 32.5-45), with 35.8% of patients receiving
RT for a symptomatic bone lesion. This finding is in keeping with
other studies which demonstrate an SRE rate of 30-60% in NSCLC,
and may contribute to the poor response and reduced survival
outcomes seen in patients with BoMs in the present study (10, 53).
Furthermore, less than 10% of the study population received a bone
modifying agent, precluding subgroup analysis, and this may
contribute to the rate of SREs seen in the study.

PD-L1 expression is currently the only biomarker routinely
available that is predictive of ICI response. Interestingly, in our
study, high PD-L1 expression was associated with equivalent time
to progression with ICIs amongst the distant organ sites of disease.
Lung and lymph node lesions demonstrated improved osPFS,
however, all other organ sites were similar. Furthermore, the
presence of BoMs did not affect OS; only baseline liver metastases
and poor ECOG status were poor prognostic factors. Our findings
are consistent with other studies evaluating patients with high PD-
L1 expression receiving first-line pembrolizumab which similarly
identified liver metastases and poor ECOG status as independent
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predictors of poor response and survival, while other sites of disease
at baseline did not affect clinical outcomes (23, 54). Tumour PD-L1
expression is unequivocally associated with favourable response to
ICIs, and these findings are likely indicative of the favourable
outcomes observed in this group (36, 55). This finding will have
implications for local treatments such as orthopaedic stabilization,
as this subgroup of patients can be expected to live longer with
improved disease control. However, other factors such as line of
treatment and overall tumour burden may have influenced this
finding, particularly given the time of data collection when patients
with high PD-L1 expression were likely to receive pembrolizumab
in the first line. More studies are needed to explore the role of high
PD-LI expression on the TIME of distant sites of metastatic disease,
and the corresponding responses to ICL

Limitations of this study include the retrospective nature of the
study design. We evaluated real-world data in patients not enrolled
in a clinical trial, thus the frequency of follow-up imaging was
variable. Many patients were pre-treated or received adjuncts to ICI
including RT. Furthermore, not all patients underwent PD-L1
expression testing. Additionally, utilizing real-world data
introduces heterogeneity to the study. Notable differences in
patients with BoMs compared to those without included the
presence of liver metastases, driver mutations, line of therapy,
and number of treatment cycles, limiting the interpretation of the
study findings. However, this is one of the largest studies that has
evaluated the specific response of BoMs to ICI. Evaluating response
of BoMs with conventional imaging strategies remains a challenge.
We utilized the MDA criteria retrospectively to reduce bias,
however, there remains uncertainty in categorizing bony
response. The absence of a conventional chemotherapy only
control arm or comparison group further limits the results.
Additionally, the combination of pembrolizumab and platinum-
doublet chemotherapy did not receive Health Canada approval
until 2019 therefore a relatively small proportion of patients in this
study were offered combination treatment. This precluded
subgroup analysis of bone response to combination treatment.
Additional studies in larger cohorts are needed to further refine
our understanding of the bone TIME and responsiveness to ICL

Our study demonstrated inferior clinical responses in
metastatic bone lesions relative to other sites of disease. BoMs in
our cohort did not respond favourably to ICI and were associated
with inferior clinical outcomes. The effect of BoMs on disease
progression and OS with ICI is an understudied area in the
immune-oncology literature. BoMs are a considerable source of
pain, morbidity, and mortality in patients with advanced cancer. As
the indications for immunotherapies continue to increase, it will be
important to further understand the bone TIME of metastatic
lesions and explore how the local bone immune biology may be
targeted to bolster responses to ICIL.
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