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Abstract

Background: Bone metastasis (BoM) is common in patients with advanced non-
small cell lung cancer (NSCLC) and considered as one of the negative prognostic
factors. However, the impact of BoM on clinical outcomes of patients with
advanced NSCLC treated with immune checkpoint inhibitors (ICIs) remains
unclear.

Methods: A total of 103 patients treated with ICI monotherapy and 101 patients
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treated with ICIs combined with chemotherapy or antiangiogenesis therapy were
retrospectively analyzed. The differences in progression-free survival (PFS), over-
all survival (OS) and objective response rate (ORR) between BoM+ and BoM—
were investigated.

Results: Of those 101 patients who received combination therapy, no significant
difference between BoM— and BoM+ in terms of both median PFS and median
OS (median PFS, 10.1 vs. 12.1 months, P = 0.6; median OS, NR vs. 24.6 months,
P =0.713) was determined. In contrast, of the 103 patients who received ICI
monotherapy, BoM+ patients had an inferior PFS (4.2 vs. 6.7 months,
P =0.0484) and OS (12.5 vs. 23.9 months, P = 0.0036) compared with BoM—
patients. The univariate and multivariate analysis in the ICI monotherapy group
also identified BoM as an independent factor attenuating the efficacy of ICI mon-
otherapy. Of all BoM+ patients who received ICI monotherapy, neither palliative
radiotherapy nor bisphosphonate drugs improved OS (palliative radiotherapy:
12.5 vs. 16.7 months, P = 0.487; bisphosphonate drugs: 12.5 vs. 9.7 months,
P =0.568).

Conclusions: BoM attenuated the efficacy of ICI monotherapy in patients with
advanced NSCLC. Of BoM+ patients who received ICI monotherapy, neither pal-
liative radiotherapy nor bisphosphonate drugs improved OS. Other therapeutic
strategies are needed for patients with BoM.
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Introduction proportion score [TPS] 250%) and second-line settings
(pembrolizumab in PD-L1 TPS =2 1%, nivolumab or
atezolizumab in unselected patients) for patients with
advanced NSCLC and without EGFR/ALK molecular
alterations.>™”

However, together with the potential clinical applica-

Advancement of immunotherapy has revolutionized the
therapeutic landscape of patients with advanced non-small
cell lung cancer (NSCLC).! Immune checkpoint inhibitor
(ICI) treatment, targeting the programmed death-1 (PD-
1)/PD-ligand 1 (PD-L1) pathway, are now standard of care
for both first-line (pembrolizumab in combination with
chemotherapy or PD-L1

tions of ICIs, a series of unanswered questions has emerged
which needs to be resolved urgently.® One of those is that

t
ST the objective response rate (ORR) is only around 20% in

monotherapy in
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unselected advanced NSCLC patients, and the efficacy var-
ies greatly across individuals.” Even in a highly selected
patient population (PD-L1 TPS = 50%), accounting for
approximately 30% of total patients, it has been reported
that only 44.8% of patients achieved an objective response
from ICI treatment.'® Therefore, to discriminate the cer-
tain factors that influence the efficacy of ICIs is critically
important. Previous studies have demonstrated that
intratumoral PD-L1 expression, tumor mutation burden
(TMB), and the amount and location of tumor infiltrating
lymphocytes (TILs) are associated with the effectiveness of
ICI treatment under certain circumstances.''™"*> Further-
more, a number of clinical parameters have also shown
influences on ICI therapy, including Eastern Cooperative
Oncology Group Performance Status (ECOG PS), smoking
history and malignant pleural effusion.'*™'® Therefore, to
determine the influencing factors and then distinguish the
dominant group is one of the important challenges in clini-
cal practice.

Recent studies have focused on the impact of specific
metastatic sites, such as liver, brain or bone metastases
(BoM) on the efficacy of ICI treatment. In a retrospective
study conducted in 215 patients with advanced or recur-
rent NSCLC who received ICI therapy, liver metastases
was found to be independently associated with shorter
progression-free survival (PFS) and overall survival (08)."
Another study evaluated the impact of brain metastases on
nivolumab monotherapy in 73 patients with advanced
NSCLC and found similar PFS and OS in patients with
and without brain metastases.'® These findings suggest that
metastases to different organs may have diverse influences
on the efficacy of ICI treatment, and this may due to the
tumor microenvironment (TME) in different organs.19

BoM are common in advanced NSCLC patients, and
considered as one of the negative prognostic factors.
Skeletal-related events (SREs) caused by BoM such as bone
pain, pathologic fracture, hypercalcemia, and spinal cord
compression have been reported to occur in 30%-60% of
all lung cancer patients with BoM,*” and have a detrimen-
tal impact on the survival of patients with advanced
NSCLC.*' Clinically, palliative radiotherapy to BoM sites,
bisphosphonate administration and denosumab
(a monoclonal antibody targeting RANKL) are major treat-
ment strategies for patients with BoM.>> Because the bone
marrow environment includes vast immune cell composi-
tion of lymphocytes and myeloid cells, which exhibit both
antitumor and tumor promoting effects, we hypothesized
that BoM may influence the response to ICI treatment in
patients with advanced NSCLC.**** Interestingly, Schmid
et al. retrospectively analyzed the organ-specific response
to nivolumab in patients with NSCLC and found that
nivolumab appeared to be more active in patients with
lymph node metastases compared with other organ sites
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such as liver, adrenals and bone. Moreover, nine out of
12 patients with BoM had progressive bone lesions at the
time of overall tumor progression.”> Thus, we performed
the present study to investigate whether BoM influences
the efficacy of ICI treatment in patients with advanced
NSCLC.

Methods

Patient characteristics

This was a retrospective study. A total of 204 patients diag-
nosed with advanced NSCLC who commenced ICI-based
treatment from July 2015 to June 2019 in Shanghai Pulmo-
nary Hospital, Tongji University regardless of treatment
lines were identified. Overall, 103 of these patients received
ICI monotherapy, and the remainingl01 patients were
administered ICIs combined with chemotherapy or anti-
angiogenesis agents. Patient characteristics were collected
which mainly included: gender, age, smoking history, stage
of disease, pathologic types, metastatic organ sites, ECOG
PS, treatment lines, treatment strategies, treatment initia-
tion date, best response to treatment, therapeutic regimens,
dates of tumor progression and death or last follow-up.
We used pack year (PY) for identification of smoking his-
tory, and one PY meant an average of 20 cigarettes per day
for one year. Never smokers were defined as patients with
a smoking history of <100 cigarettes within their lifetime,
light smokers were defined as 5-29 PY and heavy smokers
were defined as 230 PY. ORRs were assessed by the inves-
tigators according to the Response Evaluation Criteria In
Solid Tumors (RECIST; version 1.1).2° Follow-up time was
defined as the time from ICI treatment initiation to
4 December 2019. BoM assessments were detected by bone
scintigraphy, MRI or PET/CT.

This study was approved by the Ethics Committee of
Shanghai Pulmonary Hospital, Tongji University School of
Medicine. All patients provided their written informed
consent before treatment.

Statistical analysis

Investigator-assessed ORR, PFS and OS were evaluated.
PES was defined as from the treatment initiation date of
ICIs to the date of physician assessment of disease progres-
sion or death, and OS was calculated from the treatment
initiation date of ICIs to the date of death or last follow-up
in surviving participants. The Chi-square statistic was used
to measure the association between patient characteristics
and ORR. PFS and OS were estimated using the Kaplan-
Meier method and survival curves were compared with
log-rank test or Breslow test. Univariate and multivariate
Cox proportional hazards regression

analyses were
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performed to determine independent prognostic factors for
disease survival. All variables with significant association in
univariate analysis (by Kaplan-Meier with a P-value < 0.1)
were included in the multivariate model (Cox regression)
to determine their independent effects. A P-value < 0.05
was considered statistically significant. Data were analyzed
using the SPSS 25.0 (SPSS Inc., Chicago, Illinois) software
package.

Results

Patient characteristics

A total of 216 patients with advanced NSCLC received ICI
treatment at Shanghai Pulmonary Hospital from July 2015
to June 2019. Among them, 204 patients were evaluated
for an objective response and enrolled into this study.
Among the 204 patients, 103 had been treated with ICI
monotherapy, and the remaining 101 patients with ICIs
combined with chemotherapy (72/101, 71.3%) or anti-
angiogenesis agents (28/101, 27.7%) or both (1/101, 0.9%).
Of all these patients, 67 (32.8%) had BoM at baseline of
ICI treatment, and 67 (32.8%) had squamous carcinoma
histology. A total of 69 patients (33.8%) received ICI treat-
ment as first-line therapy, and the remainder (66.2%)
received ICI treatment as second or subsequent line ther-
apy. All the distributions of clinicopathologic characteris-
tics were a better balance of patients between BoM+ and
BoM-— in two groups and are shown in Table 1.

Correlation between bone metastases and
outcomes

We first evaluated the PFS and OS in all patients according
to BoM and no differences of PFS and OS were observed
between BoM— and BoM+ (Fig 1). The homogeneity of
treatment strategies was the first factor we considered that
might confound the results, and we divided the patients
into two subgroups: the ICI monotherapy group and the
ICI combination treatment group. Notably, we found sig-
nificant differences in terms of PFS and OS between BoM
— and BoM+ in the ICI monotherapy group, but not in
patients who received ICI combination treatment. As illus-
trated in Fig 2a, patients with BoM— and BoM+ had simi-
lar PFS (10.1 vs. 12.1 months, P = 0.600), OS (not reached
[NR] vs. 24.6 months, P = 0.713), and ORR (39.7% vs.
36.4%, P = 0.746) after the ICI combination treatment.
However, patients with BoM+ who received ICI mon-
otherapy had significantly shorter PFS (4.2 vs. 6.7 months,
P = 0.048)and OS (12.5 vs. 23.9 months, P = 0.004) than
those with BoM—. However, we did not find significant dif-
ferences of ORR (29.4% vs. 31.9%, P = 0.826) between
BoM-— and BoM+, as illustrated in Fig 2b.
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Impact of palliative radiotherapy and
bisphosphonate administration on clinical
outcomes

Palliative radiotherapy and bisphosphonate administration
are currently two major therapeutic methods for patients
with BoM+. In order to define the impact of palliative
radiotherapy on bone and bisphosphonate administration
on the survival, we further evaluated the efficacy of all
BoM+ patients in the ICI monotherapy group according to
palliative  radiotherapy/bisphosphonate  administration.
Among 34 BoM+ patients in the ICI monotherapy group,
nine patients (26.5%) received palliative radiotherapy to
BoM sites, 11 patients (32.4%) received bisphosphonate
administration and five patients (14.7%) received both. As
shown in Fig 3, there were no significant differences of OS
in BoM+ patients between those receiving palliative radio-
therapy or bisphosphonate administration or those not
receiving treatment (palliative radiotherapy median OS:
12.5 vs. 16.7 months, P = 0.487, bisphosphonate adminis-
tration median OS: 12.5 vs. 9.7 months, P = 0.568).

Univariate and multivariate analyses

There may be some other clinical factors that influence the
survival of patients, and we therefore performed a univari-
ate analysis for PFS and OS including age, gender, smoking
history, pathological types, BoM, other organ metastasis,
ECOG PS, treatment line and ICI-monotherapy or ICI
combined with other therapy, as shown in Table 2. In the
ICI-monotherapy group, we found that BoM+ patients had
significantly shorter PFS (P = 0.048) and OS (P = 0.004)
than BoM— patients. Meanwhile, patients diagnosed with
squamous histology had shorter OS (P = 0.037) than non-
squamous histology. Further, ECOG equalled 0-1 patients
had longer OS (P = 0.049) than ECOG equalled 2 or higher
patients. In all patients, only pathology type, ECOG perfor-
mance status, and treatment line, but not bone metastasis
were associated with OS. These factors with a P-value
under 0.1 were further included in a multivariate analysis
of OS, as shown in Table 3. We determined that BoM
remained an independent prognostic factor for OS in the
ICI-monotherapy group (HR = 0.458, 95% CI: 0.25-0.838,
P =0.01) after adjusting for the other factors.

Discussion

To date, the impact of BoM on ICI treatment is still not
well known. In the current study there were additional
important aspects which revealed the following: (i) In the
subjects enrolled into the study, 32.8% of patients had
BoM before initiation of ICI treatment, which represented
a considerable number of patients with advanced NSCLGC;

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Table 1 Characteristics in treatment groups

Bone metastases and ICls in NSCLC

All patients Immunomonotherapy Combination therapy
BoM— (N/%) BoM+ (N/%) P-value BoM-— (N/%) BoM+ (N/%) P-value BoM-— (N/%) BoM+ (N/%) P-value
Age at diagnosis 0.349 1.000 0.136
<65 years 86 (62.8) 47 (70.1) 40 (58.0) 20 (58.8) 46 (67.6 27 (81.8
>65 years 51(37.2) 20 (29.9) 29 (42.0 4(41.2) 22 (32.4 6(18.2)
Gender 0.070 0.220 0.130
Male 120 (87.6) 51(76.1 62 (89.9) 27 (79.4) 58 (85.3 24 (72.7
Female 17 (12.4) 16 (23.9) 7 (10.1 7 (20.6) 10 (14.7 9(27.3
Smoking history 0.052 0.059 0.344
Heavy 64 (46.7) 21 (31.3 39 (56.5 2 (35.3) 25 (36.8 9(27.3
Never/light 73 (53.3) 46 (68.7) 30 (43.5 22 (64.7) 43 (63.2 24 (72.7
Pathology 0.319 0.535 0.200
Sgquamous carcinoma 48 (35.0) 19 (28.4) 29 (42.0) 5(44.1) 19 (27.9) 4(12.1)
Nonsguamous carcinoma 77 (56.2) 45 (67.2) 33 (47.8) 8(52.9) 44 (64.7) 27 (81.8)
NSCLC 12 (8.8) 3(4.4) 7 (10.1) 1(2.9) 5(7.4) 2(6.1)
Metastasis to other organ 1.000 0.664 0.694
Yes 95 (69.3) 46 (68.7) 46 (66.7 21(61.8) 49 (721 25 (75.8
No 42 (30.7) 1(31.3) 23 (333 3(38.2) 9(27.9 8(24.2
ECOG performance status 1.000 1.000 0.327
0-1 129 (94.2) 63 (94.0) 61(88.4) 31(91.2) 68 (100) 32 (97)
>2 8(5.8) 4 (6.0) 8(11.6) 3(8.8) 0(0) 1(3)
PD-L1 expression 0.352 0.917 0.067
Negtive 18 (13.1) 7 (10.4) (13.0) 5(14.7) 9(13.2) 2(6.1)
1%-49% 15(10.9) 3(4.5) 6 (8.7) 2 (5.9) 9(13.2) 1(3.0)
>50% 9 (6.6) 3(4.5) 4(5.8) 3(8.8) 5(7.4) 0 (0)
Not known 95 (69.3) 54 (80.6) (72.5) 24 (70.6) 45 (66.2) 30 (90.9)
Treatment line (s) 0.529 0.347 0.833
1 44 (32.1) 25(37.3 7 (10.1 6(17.6) 37 (54.4 19 (57.6
>2 93 (67.9) 42 (62.7 62 (89.9) 28(82.4) 31 (45.6) 14 (42.4
Gene mutation 0.180 0.876 0.065
Wild-type 82 (59.9) 44 (65.7) 37 (53.6) 21(61.8) 45 (66.2) 23 (69.7)
KRAS 12 (8.8) 10 (14.9) 6 (8.7) 3(8.8) 6 (8.8) 7(21.2)
Other mutation 2(1.5) 1(1.5) 1(1.4) 0 (0) 1(1.5) 1(3.0)
Unknown 41 (29.9) 12 (17.9) 5(36.2) 10 (29.4) 6 (23.5) 2(6.1)
Combined treatment 0.818
Chemotherapy — — — — 49 (721 23 (69.7
Antiangiogenesis — — — — 9(27.9) 10 (30.3

none of the previous randomized trials stratified patients
according to presence of BoM. (ii) Bone is an immune
organ which contains different populations of immune
cells,”*” including regulatory T cells, cytotoxic T cells, B
cells, dendritic cells, natural killer T cells, and myeloid-
derived suppressor cells. A previous study has demon-
strated that BoM negatively affects ICI treatment in
patients with prostate cancer.”® A recent study also indi-
cated that BoM impairs nivolumab efficacy, with shorter
PES and OS, as well as lower ORR, in both nonsquamous
and squamous NSCLC.”> To our knowledge, our current
study, for the first time, investigated the role of BoM both
on ICI monotherapy and ICI combination therapy, and we
found that BoM had an adverse impact on the clinical out-
come of ICI monotherapy in patients with advanced
NSCLC.

Thoracic Cancer 11 (2020) 2812-2819
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However, we did not see a significant difference in the
combination therapy group according to BoM, so does that
mean the combined therapies of ICI and chemotherapy or
antiangiogenesis therapy are able to overcome the adverse
effects of BoM? Nowadays, a series of ICI combination
strategies have been tested in clinical studies in advanced
lung cancer patients and some have been approved for
clinical practice. KEYNOTE-189 and KEYNOTE-407 are
two clinical trials which tested the combination of ICIs
with chemotherapy in patients with advanced NSCLC
compared with standard chemotherapy. Both PES and OS
improved following combination therapy in these two tri-
als.”® It has previously been demonstrated that chemother-
apy has certain regulatory effects on immune system
function, such as immunogenic death of tumor cells and
immune cell components,’®”' and it may be one of the
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Figure 1 The analyses of progression-free survival (PFS) and overall survival (OS) in all patients according to BoM (bone metastasis). Progression-free
survival: , BoM-; , BoM+. Overall survival: , BoM-; , BoM+.

mechanisms by which chemotherapy and ICIs have syner- ICI-monotherapy, and BoM was a poor prognostic factor
gistic effects. Antiangiogenesis agents have also been for patients treated with ICI monotherapy; however, the
reported to influence the immune system when combined  presence or absence of BoM did not affect the efficacy and
with ICI treatment.’” In our current study, ICI combina- prognosis in patients treated with combination therapies.
tion therapy with chemotherapy or antiangiogenesis ther- In the current study we also explored whether adding
apy was shown to improve the efficacy compared with palliative radiotherapy to bone metastatic sites or
a Progression-free survival Overall survival Objective Response
= 1004 100 100
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Figure 2 (a) The analyses of progression-free survival (PFS), overall survival (OS) and obective response rate (ORR) in patients receiving immune-
checkpoint inhibitor (ICl) combination therapy according to BoM. Progression-free survival: _ |, BoM-; _ |, BoM+. Overall survival: _1 , BoM-;
_ |, BoM+. Objective Response: i, PD; m, SD; m, PR. (b) The analyses of PFS, OS and ORR in patients receiving ICI monotherapy according to BoM.
Progression-free survival: __| , BoM-; |, BoM+. Overall survival: _1 _, BoM-; _| _, BoM+. Objective Response: =, PD; m, SD; m, PR.
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Bone metastases and ICls in NSCLC

Overall survival
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Figure 3 Analyses of overall survival (OS) in all BoM+ (bone metastasis+) patients receiving palliative treatments (radiotherapy of bisphosphonate
administration) compared to those not receiving palliative treatments. Overall survival: , No RT; , With RT. Overall survival: , No Bis;

|, With Bis.

bisphosphonate administration would improve the effi-
cacy of ICI treatment; however, we did not observe any
synergistic effects, and the two therapeutic strategies had
no significant impact on the survival of patients with
BoM. However, there is evidence which has been
reported in the literature which demonstrates that sur-
vival  benefits with combined immunotherapy-
radiotherapy strategies have been found in NSCLC
patients.”® For instance, in a phase 2 randomized clinical
trial which evaluated the effect of pembrolizumab after
stereotactic body radiotherapy versus pembrolizumab
alone on tumor response in patients with advanced
NSCLC, the subgroup analyses showed the greatest ben-
efit from the addition of radiotherapy in patients with
PD-L1 negative tumors, although the results did not
meet the study’s prespecified end point criteria for
meaningful clinical benefits.>* Furthermore, a secondary
analysis from the KEYNOTE-001 trial also demon-
strated that previous radiotherapy resulted in longer PFS
and OS in patients with advanced NSCLC treated with

pembrolizumab.’> However, whether radiotherapy to
BoM improved the survival outcomes remains unclear.
Nevertheless, a series of prospective clinical studies are
ongoing to investigate the synergistic effect of
immunotherapy-radiotherapy strategies in patients with
advanced NSCLC.*®* We have demonstrated that con-
comitant use of bisphosphonates and EGFR-TKIs brings
survival benefits to NSCLC patients with EGFR muta-
tions and bone metastases,””® but there are few clinical
data on proving the synergistic effect of immunotherapy
and bisphosphonates in NSCLC. Interestingly, a recent
study revealed that increased Ty, 17 cells and lack of T},
1 cells in bone marrow confers resistance to ICI treat-
ment in prostate cancer and anti-TGF-f antibodies
rather than anti-RANKL antibodies potentiates ICI effi-
cacy by restoring T}, 1 lineage polarization,”® suggesting
a potential role of TGF-f inhibitors in patients with
BoM. Furthermore, our study also found that patients
treated with ICI combined therapy (either in combina-
tion with chemotherapy or antiangiogenesis agents) had

Table 2 Univariate analyses for PFS and OS in ICls monotherapy group and all patients

ICls mono-therapy All patients
Median PFS Median OS Median PFS Median
Factors (month) P-value (month) P-value (month) P-value  OS (month)  P-value
Age (<65 vs. >65) 53vs.6.7 0.516 23.5vs.20.1 0859 86vs.9.6 0767 239vs.20.1 0.864
Gender (male vs. female) 59vs.36 0589 225vs.NR 0462 92vs.58 0344 235vs.NR  0.691
Smoking history (never/light vs. heavy) 53vs.59 0702 239vs.225 0516 86vs. 88 0.720 24.6vs. 235 0.271
Pathology (squamous vs. nonsquamous NSCLC) 48vs.6.3 0905 129vs. 239 0.037 59vs.98 0.187 15.7vs. 239 0.056
Bone metastasis (No vs. Yes) 6.7 vs. 4.2 0.048 239vs. 125 0.004 9.2vs. 8.6 0.376 239vs. 176 0.158
Other organ metastasis (No vs. Yes) 44vs.59 0843 225vs.23.8 0785 7.4vs.88 0.738 23.5vs23.8 0.331
ECOG performance status (0-1 vs. >2) 59vs. 23  0.261 225vs. 7.8 0.049 88vs.3.2 0.127 23.8vs.7.8 0.001
Treatment line (1 vs. >2) 11.8vs. 48 0.212 235vs.225 0504 114vs.59 0.011 NR vs 22.5 0.031
Treatment (ICI monotherapy vs. combined therapy) — — — — 59vs. 114 0.026 22.5vs. 246 0.147
Thoracic Cancer 11 (2020) 2812-2819  © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 2817
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Table 3 Multivariate analyses for OS in ICls monotherapy group and all patients

ICI monotherapy All patients
Factors P-value Hazard ratio 95% Cl P-value Hazard ratio 95% Cl
Pathology (squamous vs. nonsquamous NSCLC) 0.005 2.593 1.327-5.065 0.003 2.133 1.299-3.501
Bone metastasis (No vs. Yes) 0.019 0.482 0.263-0.886 — — —
ECOG performance status (0-1 vs. >2) 0.172 0.496 0.181-1.357 0.059 0.436 0.184-1.032
Treatment line (1 vs. >2) — — — 0.038 0.555 0.319-0.967

numerically longer PFS (12.1 vs. 4.2 months) and OS
(24.6 vs. 12.5 months) than those treated with ICI mon-
otherapy in patients with BoM, although statistical ana-
lyses were not available. Taken together, additional
studies are needed to determine the influence of com-
bined therapy or TGF-p inhibitors in patients with
advanced NSCLC and with BoM.

The limitations of the current study should be acknowl-
edged. First, it was a retrospective study and no patients
who did not receive ICIs were set as a control group.
Another very important issue is that lack of TMB data and
PD-L1 expression was detected in only a few patients.
Moreover, we did not separate BoM+ patients to sub-
groups according to the metastasis site and quantity
because of the lack of subjects. Further additional large
cohort studies with a better balance of patients need to be
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