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Background: Immune checkpoint inhibitors (ICIs) have revolutionized the treatment of non-small-cell
lung cancer (NSCLC). Denosumab is a humanized monoclonal antibody to RANK ligand used to prevent
skeletal-related events of bone metastases in solid tumors. We are reporting the clinical outcomes in our
NSCLC patients who received RANKL inhibitor in combination with ICIs.

Methods: This observational study used retrospective data from a tertiary cancer center from 2015-2020.
Stage IV non-small cell lung cancer patients who received denosumab within 30 days of ICIs (pembrolizumab,
nivolumab, atezolizumab, ipilimumab) were included. Kaplan-Meier curves were obtained for survival
analysis.

Results: We identified 69 patients and all had skeletal metastases, and 37.7% had brain metastases. Median
OS was 6.3 months and median PFS was 2.8 months, with overall response rate (ORR) of 18.8% and disease
control rate (DCR) of 40.6%. Median OS in patients with concomitant denosumab and ICIs more than
3 months was 11.5 months, comparing to 3.6 months in patients with <3 months of concomitant therapy
(P=0.0005). OS and PFS did not differ with respect to brain metastases or number of skeletal metastases.
However, the duration of ICIs and denosumab overlap was associated with improved OS and PFS. Among
the 18.8% of patients who achieved complete response (CR) and partial response (PR), six-month survival
rate was 100% and one-year survival rate was 69.2%. Most of the patients tolerated denosumab well, and
hypocalcemia was the most commonly reported side effect.

Conclusions: Patients receiving combination therapy did not perform poorly comparing to published
studies despite of poor prognostic features such as brain metastases and numerous skeletal metastases.
Although we did notice potential benefit of the longer duration of concomitant use of ICI and denosumab,
future prospective clinical trials are needed to evaluate the synergistic effect of RANKL inhibitors/ICI and if
duration of RANKL inhibitors matters.
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Introduction

Lung cancer is the leading cause of cancer-related mortality
in USA. For all stages combined, the 5-year survival rate
is 19.0%. Low lung cancer survival rates is explained
by the large portion of patients (57%) diagnosed with
metastatic disease, for which the 5-year survival rate is
5% (1). National Cancer Institute reports that 80% of
lung cancers are non-small cell lung cancer (NSCLC) (2).
In NSCLC, monoclonal antibodies targeting PD-1/PD-
L1, such as pembrolizumab, nivolumab and atezolizumab,
along with monoclonal antibodies targeting CTLA-4, such
as ipilimumab, have shown promising results. Nivolumab
has demonstrated improvement of progression-free
survival (PFS) and response rate compared to docetaxel in
NSCLC (3). FDA approved pembrolizumab and nivolumab
in 2015 to be used in NSCLC. In KEYNOTE-189,
median progression-free survival was 8.8 months for
pembrolizumab plus carboplatin/pemetrexed and
4.9 months for chemotherapy only. 47.6% patients in the
pembrolizumab plus chemotherapy group achieved an
objective response compared with 18.9% patients in the
chemotherapy only group (4).

Receptor activator of nuclear factor (NF)-«xB ligand
(RANKL) and its associated receptor RANK are important
for the osteoclastogenesis of the bone (5). Since RANKL is
known to be essential for osteoclastogenesis, investigators
have targeted this ligand for the prevention of the
metastatic bone disease. Denosumab is a humanized mAb
to RANKL. It inhibits the RANK—RANKL interaction
and results in decreased osteoclast-induced bone resorption.
Denosumab is approved by FDA in 2010 for the treatment
of osteoporosis and for prevention of skeletal events from
solid tumors (6). It has also been shown to be non-inferior
to zoledronic acid (bisphosphonate) in treatment of skeletal
related complications (7). Lung cancer has a great potential
to metastasize. Approximately 40% of the patients with
lung cancers develop bone metastasis and 22% to 59%
patients with bone metastasis experience skeletal related
events (8). Denosumab (Anti-RANKL) is thought to have
direct or indirect antitumor effects. There is growing
evidence suggesting a role of RANK/RANKL signaling in
tumorigenesis. These 2 proteins are overexpressed in tumor
microenvironments. Blockage of these proteins in animal
models have resulted in decreasing incidence of skeletal
related events and improving survival in solid tumors
including lung cancer (9). In a post-hoc analysis of phase III
clinical trial in metastatic lung cancer patients, denosumab
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was associated with improved overall survival comparing to
zoledronic acid (10).

Though Anti-RANKL is being used in NSCLC in
combination with immune checkpoint inhibitors (ICI),
there have been scant reported studies to evaluate the
synergistic antitumor effect of ICI and anti-RANKL in
the literature. In this study, we aim to evaluate the patient’s
response to combination therapy with Anti-RANKL and
ICI in NSCLC.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-150).

Methods

This study was conducted at Dartmouth Hitchcock Medical
Center (DHMC) in conjunction with Norris Cotton Cancer
Center. Electronic medical records were accessed. Patients
who carry the diagnosis of NSCLC who have received ICI
(ipilimumab, pembrolizumab, nivolumab, atezolizumab)
either alone or in combination with chemotherapy as well
as concurrent (defined as either simultaneously or within
one month of starting or stopping ICI) denosumab were
identified. We used the timeframe from January 1%, 2015
until October 30™ 2020. The only exclusion criterion was
the patients <18 years of age. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by institutional review board
of Dartmouth-Hitchcock (NO.: STUDY00030057) and
individual consent for this retrospective analysis was waived.
This was a retrospective study. We obtained data
including basic demographics (age, sex, race), time of
diagnosis, histological sub-type (adenocarcinoma, squamous
cell carcinoma), AJCC clinical stage at ICI initiation, type
of chemotherapy and ICI, duration of ICI therapy, prior
chemotherapy, radiation therapy, duration of denosumab,
duration of concurrent denosumab and ICI, date of death,
date of progression, mutations, tumor proportion score
(TPS) for PD-L1, metastatic status, number of metastatic
sites involved, brain metastases. Best radiographic response,
i.e., complete remission (CR), partial response (PR), stable
disease (SD) and progressive disease (PD) were recorded
per RECIST v1.1 criteria. Progression of disease, current
status (dead/alive) were recorded as well. Overall response
rate (ORR) was calculated and defined as the percentage
of patients who achieved either PR or CR. Disease control
rate (DCR) was defined as the total percentage of patients
achieving CR, PR, and SD. OS [from the initiation of the
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therapy till the date of last follow-up (October 30", 2020),
or the date patient passed away], PFS [from the date of
therapy initiation till the last follow up (October 30", 2020),
date of progression or date of death)] were calculated. We
also recorded the LDH, performance status and side effects
from denosumab. Side effects measures included skin rash/
mucositis, hypocalcemia, diarrhea/colitis, hepatotoxicity,
pneumonitis, arthralgia, neuro and cardiotoxicity. We
grouped patients by brain metastases and no brain
metastases, skeletal metastatic sites of >3, TPS of <1%,
1-49%, >50%). No patient lost to follow up and there were
no missing data points.

Statistical analysis

Summary measures of continuous data such as age at
diagnosis of advanced stage disease, OS, PFS, LDH, mean (or
geometric mean, as appropriate), median, standard deviation
(SD) and inter-quartile range were calculated. Histograms
and qqg-plots of continuous endpoints were used to evaluate
distributional assumptions. To evaluate the survival analysis
(OS and PFS, with 95% CI), the Kaplan-Meier method and
the log-rank test were applied. The cox proportional hazards
regression model was applied to perform univariable and
multivariable analyses. Variables included in multivariate
analysis were age at ICI initiation, sex, number of skeletal
metastases, brain metastases, total number of metastatic sites
involved, prior chemotherapy, radiation therapy, type of ICIs
and TPS. Chi-square and Fisher exact tests were applied to
compare the categorical variables and calculate the P-value.
Student t-tests were applied to analyze the continuous
variables and to calculate the P-values. Statistical significance
is defined as P<0.05. Logistic regression was performed to
calculate Odds ratio. No sensitivity analysis was performed.
All statistical analyses were performed using statistical
software STATA Pro V. 14.2.

Independent variables were age, sex, TPS, anatomical
sites involved with metastases, prior chemotherapy, type of
ICIs. Dependent variables are the best response (BR), ORR,
OS, PFS.

Results

There were total of 69 patients with NSCLC who received
ICI and denosumab concurrently. 84% of the patients had
adenocarcinoma. Slightly higher proportion of the patients
were male (53.6% vs. 46.4%) and majority of the patients
were under 75 years of age (85.5% vs. 14.5%). Majority
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(89.8%) of the patients received ICI in combination with
chemotherapy either first or second line. Only 7 (10.2%)
patients received ICI (pembrolizumab) as monotherapy
because of high PD-L1 score or beyond first line of
therapy. Median duration of ICI therapy was 2.5 months
(1-34.5 months). Almost equal proportion of the patients
received ICI as first or 2™ line of therapy (46.4% uvs.
43.5%). All patients received ICI as second line therapy
after progressing on first line chemotherapy. Majority of the
patients received pembrolizumab (85.5%). PD-L1 TPS score
is also given in 7Table 1. Patients with PD-L1 <1% comprised
31.9% of the cohort population and 44.9% of patients had
PD-L1 score 1-49%. 23.2% of patients had PD-L1 score
of >50%. Median duration of denosumab therapy was
5 months (1-34 months). Median duration of denosumab
and ICI overlap therapy was 1.5 months (1-34 months).
Overall, 11 (15.9%) of the patients received prior
chemotherapy and 47 (68.1%) of the patients received
radiation therapy. Median number of metastatic sites was 4
[1-15]. All patients have skeletal metastases and majority of
the patients had <3 skeletal metastases (62.3% vs. 37.7%).
Considerable number of patients had brain metastases as
well (37.7%). 81.3% patents had elevated LDH. Most of the
patients tolerated denosumab well, however hypocalcemia
was the most commonly reported side effect (37.7%). One
patient developed osteonecrosis of the jaw (Table 1).

Survival analysis

Overall, 57 (82.6%) patients passed away by the time of last
follow up. Median OS was 6.3 months. On univariate and
multivariate analyses, TPS score, duration of denosumab
and ICI overlap, and line of therapy had significant effect
on the OS (Tuble 1). There was no difference in OS based
on the age, sex, type of immunotherapy, radiation therapy,
number of metastatic sites and elevated LDH. Median
OS in patients receiving denosumab + ICI >3 months was
11.5 vs. 3.6 months in patients with shorter concurrent
therapy [P=0.0005 (2-5.3); Figure 1A4]. Among the 13
patients who achieved CR and PR, six-month survival
rate was 100% and one-year survival rate was 69.2%.
Patients with no brain metastases had better median OS
but the difference was not statistically significant (7.7 vs.
3.6 months, P=0.16; Figure 1B). Median OS was
significantly higher in patients who received ICI as first line
therapy (8.9 vs. 3.9 months, P=0.03; Figure 1C). Similarly,
the patient with >3 skeletal metastases had lower OS, but
the difference was not statistically significant as well (7.7 vs.
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Table 1 Overall survival (univariate and multivariate analysis) and patient characteristics
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Characteristics N=69 Univariate Multivariate
Sex P=0.3 (0.4-1.3) P=0.9 (0.5-2.0)
Male 37 (53.6%)
Female 32 (46.4%)
Age =75 P=0.2 (0.5-2.2) P=0.09 (0.9-4.8)
No 59 (85.5%)
Yes 10 (14.5%)
Dead - -
Yes 57 (82.6%)
No 12 (17.4%)
Progressed - -
Yes 60 (87%)
No 9 (13%)
TPS score P=0.01 (0.2-0.9) P=0.02 (0.2-0.9)
<1% 22 (31.9%)
1-49% 31 (44.9%)
>50% 16 (23.2%)
Immunotherapy P=0.8 (0.5-2.2) P=0.3 (0.6-3.6)

Pembrolizumab
Atezolizumab
Ipilimumab
Ipilimumab/Nivolumab
Line of therapy
1st Line
2nd Line
3rd Line
ICI + denosumab duration
<3 months
>3months
Radiation therapy
Yes
No
Skeletal metastases
<3
>3

59 (85.5%)
9 (13%)
1(1.15%)
1 (1.5%)

32 (46.4%)
30 (43.5%)
5 (7.3%)

49 (71%)
20 (29%)

47 (68.1%)
22 (21.9%)

43 (62.3%)
26 (37.7%)

P=0.03 (0.7-0.9)

P=0.001 (0.2-0.7)

P=0.2 (0.4-1.2)

P=0.2 (0.8-2.3)

P=0.04 (0.8-0.9)

P=0.0003 (0.09-0.4)

P=0.6 (0.6-2.1)

P=0.6 (0.5-2.8)

Table 1 (continued)
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Table 1 (continued)

Characteristics N=69 Univariate Multivariate
Brain metastases P=0.7 (0.6-1.9) P=0.08 (0.9-4.2)
Yes 43 (62.3%)
No 26 (37.7%)
Number of metastatic sites P=0.3 (0.8-2.3) P=0.2 (0.6-5.6)
1-3 sites 28 (40.6%)
>3 sites 41 (569.4%)

Hypocalcemia - -

Yes 26 (37.7%)
No 63 (62.3%)
LDH P=0.7 (0.5-2.2) P=0.5 (0.3-1.7)
>220 U 52 (81.3%)
<220 IU 12 (18.7%)

TPS, tumor proportion score; ICI, immune checkpoint inhibitors; LDH, lactate dehydrogenase.
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Figure 1 Kaplan-Meier estimate of OS. (A) Kaplan-Meier estimate of OS subgroups by duration of denosumab and ICI overlap (11.5 vs.
3.6 months, P=0.0005). (B) Kaplan-Meier estimate of OS subgroups by brain metastases (7.7 vs. 3.6 months, P=0.16). (C) Kaplan-Meier
estimate of OS subgroups by line of therapy i.e., first line vs. second line (8.9 vs. 3.9 months, P=0.03). (D) Kaplan-Meier estimate of OS
subgroups by skeletal metastases (7.7 vs. 4 months, P=0.2). ICI, immune checkpoint inhibitors.
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Table 2 Progression free survival (univariate and multivariate analysis)

Characteristics

Univariate

Multivariate

Sex
Male
Female
Age =75
Yes
No
TPS score
0%
<1%
1-49%
>50%
Immunotherapy
Pembrolizumab
Atezolizumab

Ipilimumab

Ipilimumab/nivolumab

Line of therapy

ICl + denosumab
duration

<3 months
>3 months
Radiation therapy
Yes
No
Skeletal metastases
<3
>3
Brain metastases
Yes
No

Number of metastatic
sites

1-3 sites

>3 sites

P=0.3 (0.4-1.3)

P=0.5 (0.3-1.6)

P=0.06 (0.08-0.65)

P=0.5 (0.4-1.6)

P=0.006 (0.2-0.5)
P=0.006 (0.2-0.7)

P=0.2 (0.4-1.2)

P=0.1 (0.8-2.5)

P=0.3 (0.7-2.2)

P=0.05 (0.9-2.9)

P=0.6 (0.5-2.4)

P=0.4 (0.6-3.3)

P=0.06 (0.2-1.0)

P=0.8 (0.4-2.4)

P=0.005 (0.7-0.9)
P=0.0002 (0.1-0.4)

P=0.7 (0.5-2.0)

P=0.7 (0.4-2.7)

P=0.3 (0.6-3.24)

P=0.03 (1.1-10.1)

Table 2 (continued)
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Table 2 (continued)
Characteristics Univariate Multivariate
LDH P=0.5 (0.6-2.4) P=0.3 (0.2-1.5)
>220 U
<220 1U

TPS, tumor proportion score; ICI, immune checkpoint inhibitors;
LDH, lactate dehydrogenase.

4 months, P=0.2; Figure 1D). Median OS in PD-L1 >1%
group was 7.4 vs. 4.4 months in PD-L1 <1% group.

Overall, 60 (87%) patients progressed while on therapy.
Median overall PFS was 2.8 months. On univariate and
multivariate analyses, duration of denosumab + ICI overlap
(0.0002, 95% CI: 0.1-0.4), line of therapy (0.005, 95%
CI: 0.7-0.9) and number of metastatic sites (0.03, 95%
CI: 1.1-10.1) had significant impact on the PFS (Tuble 2).
Median PFS in patients receiving denosumab + ICI
>3 months was 6.0 vs. 1.9 months (P=0.0005; Figure 24).
There was no significant difference in median PFS in
patients with brain metastases (3.9 vs. 2.1 months, P=0.2;
Figure 2B). The patients who received ICI as first line
therapy had significantly higher median PFS (4.3 vs.
1.8 months, P=0.006; Figure 2C). There was also no
difference in median PFS in patient who had >3 skeletal
metastases (3.7 vs. 2 months, P=0.1; Figure 2D).

Radiograpbic response

Majority of the patients had progressive disease (59.4%).
Three (4.3%) patients had complete response (CR), 10
(14.5%) patients had partial response (PR) and 15 (21.8%)
patients had stable disease (SD). The overall response rate
(ORR) was 18.8% whereas the disease control rate (DCR)
was 40.6% (1able 3). Duration of concurrent denosumab
and ICI had significant effect on radiographic response.
The odds ratio for ORR in patients with denosumab+ ICI
>3 months was 3.85, P=0.03 (1.1-13.5) and the odds ratio
for DCR in patients with denosumab + ICI >3 months was
12.3, P=0.001 (3.4-44.1).

Discussion

Denosumab is clinically indicated in NSCLC patients
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Figure 2 Kaplan-Meier estimate of PFS. (A) Kaplan-Meier estimate of PFS subgroups by duration of denosumab and ICI overlap (6.0 vs.
1.9 months P=0.0005). (B) Kaplan-Meier estimate of PFS subgroups by brain metastases (3.9 vs. 2.1 months, P=0.2). (C) Kaplan-Meier
estimate of PFS subgroups by line of therapy i.e., first line vs. second line (4.3 vs. 1.8 months, P=0.006). (D) Kaplan-Meier estimate of PFS

subgroups by skeletal metastases (3.7 vs. 2 months, P=0.1). ICI, immune checkpoint inhibitor.

Table 3 Best radiographic response

Radiographic response ORR DCR

CR =3 (4.3%) 18.8% 40.6%
PR =10 (14.5%)
SD =15 (21.8%)

PD =41 (59.4%)

CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease.

with skeletal metastases. Here we report our experience
combining denosumab with ICIs in metastatic NSCLC
patients at a tertiary cancer center. Skeletal metastases
are widely regarded as a negative prognosis marker in
NSCLC. Skeletal metastases in malignant solid tumors
involve the interplay of tumor cells and normal cells in
bone microenvironment. In case of metastases, osteoclastic
activity is increased, resulting in increased bone remodeling.
"This increased bone remodeling causes the bone destruction
and skeletal complications. The upregulated bone turnover

© Journal of Thoracic Disease. All rights reserved.

by osteoclastic bone resorption causes skeletal morbidity
and early bone colonization of the metastatic tumor (11).
Anti-RANKL is indicated to prevent skeletal related adverse
events in lung cancer, and growing evidence suggests that
RANK/RANKL signaling is involved in tumorigenesis (12).
For example, RANK rewires energy hemostasis in murine
and human lung cancer cell lines, and pharmacologic
RANK inhibition decreases tumor growth in patient-
derived lung cancer xenografts (13).

ICIs have expanded the horizon of metastatic NSCLC
treatment. ICIs were approved for the 2nd or 3rd line
treatment of metastatic NSCLC in patients without
targetable driver mutations in 2015. Subsequently, ICIs
have been approved in the 1st line setting, either as a
single agent in cancers with PD-L1 TPS of >1% or in
combination with chemotherapy independent of the PD-L1
status (14). Despite the durable antitumor response
produced by ICIs in a growing list of various cancer types,
the resistance to this therapy has motivated research on
combinational therapies to enhance immune-surveillance
and cancer control. Besides various combinations of ICIs
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with chemotherapy, targeted therapies and radiation,
emphasis is placed on the identification of novel partners
of ICIs and repurposing already-approved medications.
Denosumab, an anti-RANKL monoclonal antibody (mAb),
emerges as a potential repurposing target based on the roles
of RANK/RANKL in tumorigenesis.

Preclinical and clinical studies have shown promising
results combining RANKL inhibitor with ICIs in various
cancer types including lung cancer. According to a post-
hoc analysis of phase III clinical trial in metastatic lung
cancer patients, median overall survival was 8.9 months for
patients receiving denosumab compared with 7.7 months
for patients receiving zoledronic acid (10). Udagawa ez al.
reported that in chemotherapy naive non-squamous non-
small cell lung cancer patients with 80% having bone
metastasis and unknown brain metastasis status, the median
OS in the denosumab group, zoledronic acid group and
no treatment group were 21.4 months, 12.7 months and
10.5 months, respectively (15). Liede and others reported
that in NSCLC patients with 76% having Stage IV disease
at diagnosis but unknown brain metastasis status, the ORR
was 33.1% in patients treated concurrently with denosumab
and anti-PD1 mAb (16). In our study, we reported a median
OS of 6.3 months with ORR of 18.8%. However, due to
vast variability in terms of baseline patient characteristics
including brain and bone metastasis as well as prior
treatments, cross-sectional comparison is challenging
among these studies.

There are multiple clinical trials to investigate the anti-
cancer property of denosumab. In the ongoing phase Ib/
II POPCORN trail, pre-operative nivolumab with and
without denosumab is studied in resectable NSCLC (17).
In the phase II SPLENDOUR trial in stage IV NSCLC,
median OS was 8.7 months in the chemotherapy alone
arm versus 8.2 months in the chemotherapy-denosumab
arm (18). However, there is no clinical trial ongoing that
test the combination of ICIs with denosumab in NSCLC,
although similar trials are underway in metastatic melanoma
and renal cell carcinoma (12).

Among our patients, 37.7% of the patients have brain
metastases. Brain metastases have historically been listed as
exclusion criteria in previous pivotal clinical trials involving
ICIs in advanced NSCLC. The historically documented
2-year survival for patients with brain metastases from
NSCLC is 14.3% (19). Despite the presence of aggressive
features such as brain metastases and multiple bone
metastases, our study population achieved an overall
survival of 6.3 months. We did not observe statistically
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worse OS and PFS in patients with brain metastases
comparing to those without brain metastases, nor did we
note worse outcome in patients with >3 skeletal metastases
comparing to those with <3 metastatic sites. It could be due
to our limited sample size. Alternatively, the result suggests
a potential benefit of the longer duration of denosumab in
the metastatic settings.

Published response rates in advanced NSCLC (not
selected by PD-L1 expression) to anti-PD1 ICI
monotherapy range from 18-20% for second line treatment
to 23-24.8% for first-line treatment (16). In published trials
of chemotherapy and ICI combinations, PFS ranges from
5.1-17.2 months for first line therapy and 2.3-3.9 months in
second line therapy (20). In this cohort, 43.5% of patients
received second line treatment and our ORR of 18.8%
and PFS of 2.8 months fall within the range of second
line treatment. There is also no difference in OS and PFS
between elderly (75 years old) and younger population,
indicating that denosumab is safe to be combined with IClIs
in elderly population who are more prone for skeletal adverse
events. Our study spans from 2015 to 2020 with notable
guideline updates such as the approval of pembrolizumab
plus pemetrexed and platinum-based chemotherapy. This
study demonstrated, that first line ICI therapy is superior to
second and third line therapies. We also observed that the
duration of ICIs and denosumab overlap had a significant
impact on OS and PFS. Of note, among the 13 patients who
achieved CR and PR, six-month survival rate was 100% and
one-year survival rate was 69.2%. Thus, the correlation can
be explained by patients who responded to ICI/denosumab
combination therapy were able to achieve durable responses
and continue denosumab treatment for a prolonged time.
Future studies are needed to further elucidate the relationship
between duration of combination therapy and treatment
responses.

Recognizing the limitations of this study as a single
center retrospective observational study with small sample
size, it provides real world experience combining ICIs with
denosumab in Stage IV NSCLC patients with significant
brain and skeletal metastatic burden, as well as considerable
proportion receiving ICI as second line of therapy.

Conclusions

In this study, we reported that OS and PFS were comparable
to the published studies, however overall our patients had
more aggressive disease. Duration of ICIs and denosumab
overlap has a significant positive impact on OS and PFS.
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Denosumab is a safe option that is overall well tolerated.
However, future studies are needed to further characterize
the therapeutic potential of denosumab beyond known
prevention of skeletal related complications when used in
combining with ICIs in metastatic NSCLC.
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