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Abstract. The effect of nivolumab and the relation between 
bone response and tumor control in patients with non‑small‑cell 
lung cancer (NSCLC) with bone metastases are not clear. 
The outcome of nivolumab monotherapy was investigated, 
and whether the response of bone metastases is useful as an 
early predictor of tumor control in patients with NSCLC with 
bone metastases was examined. The participants included 
15 patients who received nivolumab monotherapy for NSCLC 
with bone metastases in our institution between 2015 and 2017. 
Tumor control was defined using Response Evaluation Criteria 
in Solid Tumors, version 1.1 (RECIST1.1). Response of bone 
metastases was assessed by the MD Anderson response 
criteria (MDA criteria). Responses according to RECIST1.1 
and the MDA criteria were classified as responder (complete 
response or partial response) and non‑responder [progressive 
disease (PD) or stable disease]. Progression‑free survival 
(PFS) was investigated using the Kaplan‑Meier method. With 
RECIST1.1, the overall response rate was 20%. Multivariate 
analysis showed that the MDA criteria were the only risk 
factor for patients with PD (RECIST1.1). Median PFS was 
1.9 months, with PFS of 20% at 6 months. Univariate analysis 
showed that being a non‑responder according to the MDA 
criteria was the only risk factor for PFS. In patients who were 
responders (MDA criteria) within 3 months, PFS was 83 and 
50% at 3 and 6 months, respectively, though all non‑responder 
(MDA criteria) patients converted to PD (RECIST1.1) within 
3 months. Response according to RECIST1.1 was significantly 
correlated with response according to the MDA criteria 

(P<0.05). In patients who were both responders according 
to RECIST1.1 and the MDA criteria, time to response with 
the MDA criteria (1.4‑2.0  months) was earlier than with 
RECIST1.1 (2.8‑3.0 months) in all patients. In conclusion, 
application of the MDA criteria within 2 months of nivolumab 
monotherapy is useful for early prediction of response and 
prognosis in patients with NSCLC with bone metastases.

Introduction

Recently, immune checkpoint inhibitors (ICIs) have been 
used for the treatment of various malignancies, including 
non‑small‑cell lung cancer (NSCLC), renal cell cancer, 
melanoma, and other cancers (1‑4).

Programmed cell death 1 (PD‑1) is a receptor expressed 
on activated T cells. It binds to its ligands, programmed 
death‑ligand 1 (PD‑L1) and programmed death‑ligand 2 
(PD‑L2), expressed in cancer cells, leading to the inhibition 
of T cell activation (3,4). The interaction of PD‑1 with PD‑L1 
promotes tumor immune escape, which leads to patients with 
the disease having a poor prognosis. Nivolumab, a fully human 
IgG4 PD‑1 ICI antibody, disrupts PD‑1‑mediated signaling 
and restores antitumor immunity (3,4).

In phase II and III studies, nivolumab monotherapy showed 
good tolerance and excellent clinical efficacy in patients with 
advanced or recurrent NSCLC, which had progressed after 
platinum‑containing chemotherapy  (5‑9). In these studies, 
nivolumab was associated with an overall response rate 
(ORR) of 15‑26%, overall survival (OS) of 41‑71% at 1 year, 
and progression‑free survival (PFS) of 19‑25% at  1  year 
post‑treatment (5‑9).

Bone is one of the common metastatic sites of advanced 
lung cancer. Approximately 30‑66% of patients with advanced 
NSCLC develop bone metastases during the course of their 
disease (10,11).

Bone metastases usually present as lytic, blastic, or mixed 
lesions. Lytic or mixed metastatic lesions that have been success-
fully treated show osteosclerotic change (OC) on computed 
tomography (CT) due to the reparative process known as 
re‑ossification (12‑14). OC has been reported as an indicator of 
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good therapeutic response to treatment with various anticancer 
therapies, such as endocrine therapy, molecular targeted 
therapy, bone‑modifying agents (BMAs), radiotherapy (RT), 
and a combination of these treatments (12‑21). Yamashita et al 
reported OC as being an indicator of a good therapeutic 
response in lung cancer patients with bone metastases treated 
with gefitinib (15). The authors showed that the OC group had 
a significantly higher ORR and improved OS compared to the 
no OC (NOC) group. Rong et al reported a median interval of 
2 months when OC occurred following chemotherapy in lung 
cancer patients with bone metastases (16). The authors showed 
that the OC group had significantly higher 3‑month disease 
control rate (DCR) and 1‑year PFS than the NOC group. 
However, these reports are inadequate, because they do not 
take into account the regression of extraskeletal lesions, which 
can also be a predictor of treatment as defined in the Response 
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST1.1).

In 2004, Hamaoka established the MD Anderson 
response classification criteria (MDA criteria), specific for 
the assessment of bone metastases  (12‑14,21). The MDA 
criteria divide the responses into 4 categories and can assess 
both the regression of extraskeletal lesions and OC. The 
MDA criteria allow a greater range of bone lesions to be 
considered measurable disease than RECIST1.1 by allowing 
measurement of numerous types of bone lesions regardless 
of soft tissue extension  (12‑14). Since their introduction, 
several authors reported their usefulness for the assessment 
of therapeutic response to chemotherapy and RT in patients 
with bone metastases (12‑14,21). Hamaoka reported that the 
MDA classification is superior to the WHO classification in 
differentiating between the responders and non‑responders 
in breast cancer patients with bone‑only metastases  (12). 
According to the MDA criteria, there were significant differ-
ences in PFS between patients classified as responders and 
those classified as non‑responders (P=0.025), but not with the 
WHO criteria. We previously reported that the MDA criteria 
were useful for assessment of radiological responses of irradi-
ated vertebrae (21). There was a significant trend that, with a 
better response assessed by the MDA criteria, there were more 
patients without pain (P=0.021).

Although early prediction of the effects of chemotherapy 
for NSCLC patients would help guide clinical practice, the 
optimal markers for predicting the outcomes in NSCLC 
patients are unknown, particularly in patients with bone 
metastases after ICI treatment. To the best of our knowledge, 
no studies have focused on the effect of nivolumab in NSCLC 
patients with bone metastases. Moreover, no studies have 
investigated the relationship between bone response and tumor 
control with nivolumab treatment.

Therefore, the clinical outcome of nivolumab monotherapy 
was investigated in NSCLC patients with bone metastases. 
Furthermore, whether the response of bone metastases assessed 
by the MDA criteria can be used as an early imaging predictor 
of tumor control in NSCLC patients with bone metastases was 
explored.

Patients and methods

Study population. The records of 52 patients who received 
nivolumab monotherapy for stage IV or recurrent NSCLC in 

our institution between December 2015 (the date nivolumab 
was approved in Japan) and March 2017 were retrospectively 
reviewed. The last follow‑up evaluation of patients was 
performed in March 2018.

The inclusion criteria were as follows: Patients who received 
nivolumab and had previously received platinum‑containing 
chemotherapy for advanced NSCLC with bone metastases.

Patients were excluded if they had received immunotherapy 
or any additional concurrently administered antineoplastic 
therapies. Patients were also excluded from the analysis if 
they had previously undergone surgery, RT, or other local 
interventional therapies to the metastatic bone.

A total of 15 patients (11 men and 4 women) were included 
in this study (Table I). The median age was 67 years (range, 
40‑75 years) at the time of receiving nivolumab treatment. 
Thirteen patients had adenocarcinoma, and two patients had 
squamous cell carcinoma. Two patients had recurrent NSCLC 
after lung surgery with curative intent, and 13 patients had 
stage IV NSCLC at the time of presentation. All but one patient 
had metastases to organs other than bone (93%). The median 
number of analyzed bone metastases was 2 (1‑8). The locations 
of bone metastases were vertebral bone (20), ilium (6), rib (6), 
scapula (3), and others (6). The median follow‑up time of this 
study was 12.2 months (1‑23).

Treatment. Patients had received 3  mg/kg nivolumab as 
an intravenous infusion every 2  weeks until progressive 
disease (PD) or unacceptable toxicity was observed. Prior to 
nivolumab therapy, the median number of chemotherapy regi-
mens was 2 (1‑9) (Table II). All patients previously received 
platinum‑based therapy, and 5 patients previously received an 
epidermal growth factor receptor‑tyrosine kinase inhibitor. 
BMAs were administered to 12  patients. Denosumab 
was administered to 2  patients, and zoledronic acid was 
administered to 10 patients.

Assessment of study outcomes. All patients were assessed by CT 
(Aquilion, Canon) at 120 kV and slice thickness of 5 mm from 
head to pelvis. Radiographic assessments were performed at the 
start of nivolumab therapy, and the first time after treatment at 
a median of 7 weeks (3‑12 weeks). Two patients were assessed 
after 3 weeks for sudden aggravation of clinical symptoms; they 
were found to have disease progression on CT. Assessment by 
CT was done at a median of every 7 weeks (4‑9 weeks) there-
after. Two authors (E.N., T.K.) evaluated the CT images, and 
any disagreements were resolved by consensus.

Tumor responses were defined as complete response (CR), 
partial response (PR), stable disease (SD), and PD according 
to RECIST1.1 (22). Responders were classified as either CR 
or PR, and non‑responders were classified as either PD or SD.

For assessing bone lesions, all images were viewed 
with routine bone window settings (window level 200 HU, 
window width 2,000 HU). Patients were classified depending 
on their bone lesions at the start of nivolumab treatment as 
lytic (L group) in 5 patients, mixed (M group) in 2 patients, 
blastic (B group) in 1 patient, lytic and mixed (L/M group) in 
1 patient, lytic and blastic (L/B group) in 2 patients, and mixed 
and blastic (M/B group) in 4 patients.

Radiological responses of bone metastases were assessed 
using the MDA criteria (Table III) (12‑14). According to the 
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MDA criteria by CT, CR is defined as complete fill‑in or 
sclerosis of lytic lesions for lytic and mixed lesions or disap-
pearance of the tumor signal for any lesion. PR is defined as 
development of a sclerotic rim around an initially lytic lesion 
or sclerosis of lesions previously undetected on CT, or partial 
fill‑in or sclerosis of lytic lesions, regression of measurable 
lesion in any lesion, or a decrease in blastic lesions. PD is 
defined as an increase in size of any existing measurable 
lesions, the appearance of new lesions, or an increase in 
blastic/lytic lesions. SD is defined as no change in blastic/lytic 
lesions, no change of measurable lesions, or the appearance of 
no new lesions. A case of PR in one bone metastasis and SD in 
another bone metastasis was considered PR, and a case of PD 
in one bone metastasis and SD in another bone metastasis was 
considered PD. Responders were classified as either CR or PR, 
and non‑responders were classified as either PD or SD.

Best overall response (BOR), overall response rate (ORR), 
disease control rate (DCR), time to response (TTR), and dura-
tion of response (DOR) were investigated by RECIST1.1 and 
the MDA criteria (bone metastases). BOR was defined as the 
best response designation recorded between the date of the 
first dose of nivolumab and the date of initial objectively docu-
mented tumor progression based on RECIST1.1 and the MDA 
criteria, or the date of subsequent therapy, whichever occurred 
first. ORR was calculated as the proportion of patients with 
a BOR of CR or PR. DCR was calculated as the proportion 
of patients with a BOR of CR or PR or SD. TTR was defined 
as the duration of time from first dose of nivolumab to the 
date of initial radiographic CR or PR. DOR was defined as the 
duration of response, defined as the time from first confirmed 
response to the date of initial radiographic progression for 
patients with CR or PR.

Progression‑free survival (PFS) and overall survival (OS) 
were also investigated using the Kaplan‑Meier method. PFS 

was defined as the time from the first dose of nivolumab to 
the date of first documented progression of tumor and bone 
metastatic site based on RECIST1.1 and the MDA criteria or 
death from any cause. OS was defined as the time from the 
date of first dose to the date of death from any cause or last 
known date alive for patients who were alive at the time of 
data analysis.

Patients who neither progressed nor died were censored 
on the date of their last tumor assessment. Patients who died 
without reported previous progression were considered to have 
progressed on the date of their death. Patients who received 
subsequent cancer treatment without reported progression 
were censored at the date of the last tumor assessment before 
starting further treatment.

Statistical analysis. PFS (RECIST1.1 and MDA criteria) and 
OS were estimated using the Kaplan‑Meier method. The prog-
nostic significance of the following variables on survival was 
assessed: Age, sex, the number of bone metastases, the number 
of chemotherapy regimens prior to nivolumab therapy, BMAs, 
and bone lesions. Regression of bone metastases according to 
the MDA criteria was also assessed as a predictor of OS and 
PFS (RECIST1.1) in cases of lytic or mixed bone metastases 
(14 patients).

To assess risk factors for patients without disease control 
(PD) according to RECIST1.1 and non‑responders (SD or PD) 
according to the MDA criteria, clinical data were assessed, 
including the following: Age, sex, the number of bone metas-
tases, the number of chemotherapy regimens prior to nivolumab 
therapy, BMAs, and bone lesions. Risk factors for regression 
of bone metastases according to the MDA criteria were also 
assessed in patients without disease control (PD) according to 
RECIST1.1. The relation between tumor control (RECIST1.1) 
and bone response (MDA criteria) and TTS for both was also 
evaluated to investigate whether the MDA criteria can predict 
RECIST1.1.

For univariate analysis, the Mann‑Whitney U‑test was 
used to analyze continuous parameters, and Fisher's exact test 
was used for categorical parameters. Multivariate analysis was 
performed using multiple logistic regression analysis.

Table I. Patient characteristics.

Characteristics	 Total, n=15

Sex	
  Male	 11
  Female	 4
Age, years	
  Median	 67 (range, 40‑75)
Histology	
  Adenocarcinoma	 13
  Squamous cell carcinoma	 2
Metastases	
  Lung	 8
  Liver	 7
  Brain	 3
  Adrenal gland	 1
  Pleural dissemination	 5
  Lymph node	 11
Mutation of epidermal growth	 5
factor receptor

Table II. Prior systemic therapy.

Prior chemotherapy	 Total, n=15

Number of prior chemotherapy	
  1	 5
  2	 5
  3	 1
  5	 2
  7	 1
  9	 1
Type of prior chemotherapy	
  Platinum‑based therapy	 15
  EGFR‑TKI	 5

EGFR‑TKI, epidermal growth factor receptor‑tyrosine kinase 
inhibitor.
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For all analyses, associations were considered significant 
if the associated P‑value was <0.05. All statistical analyses 
were performed with the statistical computing software R 
(R Version 3.5.0, R Core Team, Vienna, Austria).

Results

Nivolumab doses and treatment duration. A median of 4 doses 
of nivolumab was administered (1‑23 doses), with a median 
treatment duration of 1.4 months (1‑14 months). Fourteen 
patients discontinued nivolumab due to disease progression, 
and one patient discontinued due to adverse events (grade 2 

diarrhea). All patients had PD during nivolumab treatment. 
Following the discontinuation of nivolumab, 13 (87%) patients 
received subsequent chemotherapy; the median number of 
chemotherapy regimens was 1 (1‑2). All but one patient had 
died by the time of the last follow‑up.

Tumor control. With RECIST1.1, BOR was PR in 3 patients 
(20%), SD in 3 patients (20%), and PD in 9 patients (60%). 
The ORR was 20%, and the DCR was 40%. Median TTR 
was 3.0 months (2.8‑5.6 months), and median DOR was 
5.8 months (1.5‑9.3 months), as shown in a swimmer plot 
(Fig.  1). As reported in several studies  (5,6,23,24), the 

Figure 1. Swimmer plot. In RECIST1.1, BOR was PR in three patients (20%), median TTR was 3.0 months (2.8‑5.6 months) and median DOR was 5.8 months 
(1.5‑9.3 months) as presented in the swimmer plot. In the MDA, BOR was CR in one patient and PR in five patients. Median TTR was 1.4 months (1.4‑2.0 months) 
and median DOR was 6.2 months (0.7‑17.7 months). RECIST1.1, Response Evaluation Criteria in Solid Tumors, version 1.1; BOR, best overall response; PR, 
partial response; TTR, time to response; DOR, duration of response; MDA, MD Anderson; CR, complete response; OS, overall survival; SD, stable disease; 
PD, progressive disease.

Table III. MD Anderson criteria for evaluation of bone metastases.

Response type	 Definition

Complete response	 Complete fill‑in or sclerosis of lytic lesions on CT 
	 Disappearance of tumor signal on CT
	 Normalization of osteoblastic lesion on CT 
Partial response	 Sclerotic rim around initially lytic lesion or sclerosis of lesions previously undetected on CT
	 Partial fill‑in or sclerosis of lytic lesion on CT
	 Regression of measurable lesion on CT 
	 Decrease in blastic lesion on CT 
Progressive disease	 Increase in size of any existing measurable lesions on CT
	 New lesion on CT
	 Increase in blastic/lytic lesion on CT
Stable disease	 No change in blastic/lytic lesion on CT 
	 No change in measurable lesion on CT
	 No new lesion on CT

CT, computed tomography.
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long‑term effect of nivolumab (durable response) was 
observed in one patient.

Univariate analysis showed that the number of bone 
metastases and the response according to the MDA criteria 
were the risk factors for patients without disease control (PD) 
according to RECIST1.1 (Table IV). Four of 10 patients (40%) 
had PD among the patients with <3 bone metastases. On 
the other hand, all patients had PD among the patients with 
≥3 bone metastases. All responders according to the MDA 
criteria had a DCR of 100% with RECIST1.1, whereas the 
non‑responders according to the MDA criteria had a DCR of 
0% with RECIST1.1.

Median PFS was 1.9 months (0.4‑12.1 months), with PFS 
of 33 and 20% at 3 and 6 months after the start of nivolumab 
treatment, respectively (Fig. 2). Univariate analysis showed 
that being a non‑responder according to the MDA criteria 
was the only risk factor for PFS. PFS was 83 and 50% at 3 
and 6 months after the start of nivolumab treatment, respec-
tively, in patients who were responders according to the MDA 
criteria within 3 months. However, all patients who were 
non‑responders according to the MDA criteria converted to 
PD within 3 months, which was significant (P<0.01) (Fig. 3).

Assessment of bone response by MDA criteria. Following 
nivolumab treatment, bone response was achieved in 8 lytic 

lesions in 6 patients (40%). No change was seen in mixed and 
blastic lesions. There were 2 patients with PR in one bone 
lesion and SD in another bone lesion, which were considered 
PR. There was 1 patient with PD in one bone lesion and SD 
in another bone lesion, which was considered PD. In the 
remaining 12 patients, the same response was seen in all bone 
metastatic sites.

According to the MDA criteria, BOR was CR in 1 patient 
in group L and PR in 5 patients (3 patients in group L, 1 patient 
in group L/M, and 1 patient in group L/B) (Table V). The ORR 
was 40%. The median TTR was 1.4 months (1.4‑2.0 months), 
which was the first‑time assessment after the start of nivolumab 
therapy. The initial bone response was OC in 5 patients with 
a median TTR of 1.5 months (1.4‑2.0 months) and regression 
of soft tissue extension in 1 patient with TTR of 1.4 months. 
Median DOR was 6.2 months (0.7‑17.7 months), with 2 patients 
progression‑free at the time of analysis. SD was achieved in 
8 patients (1 patient in group L, 2 patients in group M, 1 patient 
in group B, 1 patient in group L/B, and 3 patients in group 
M/B). There was 1 patient with PD (one patient in group M/B 
received RT for progression of an extraskeletal lesion of the 
right ilium, which was considered PD).

Univariate analysis showed that the number of bone metas-
tases was the only risk factor for non‑responders (Table VI). 
Four of 10 patients (40%) were non‑responders among the 

Table IV. Risk factors for tumor progression assessed by Response Evaluation Criteria in Solid Tumors, version 1.1.

	 Number of patients
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Covariates	 Patients with CR/PR/SD	 Patients with PD	 P‑value

Age, years			 
  <65	 3	 3	
  ≥65	 3	 6	 0.62
Sex			 
  Male	 5	 6	
  Female	 1	 3	 0.60
Number of prior chemotherapy			 
  <3	 5	 5	
  ≥3	 1	 4	 0.58
Number of bone metastases			 
  <3	 6	 4	
  ≥3	 0	 5	 0.04
Bone modifying agent			 
  Yes	 4	 8	
  No	 2	 1	 0.52
Bone lesion			 
  Lytic only	 4	 1	
  Others	 2	 8	 0.09
MDA criteria			 
  Responder	 6	 0	
  Non‑responder	 0	 9	 <0.001

MDA, MD Anderson; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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patients with <3 bone metastases. On the other hand, all 
patients were non‑responders among the patients with ≥3 bone 
metastases.

Median PFS was 7.3 months (1.4‑19 months), with PFS of 
86 and 72% at 3 and 6 months after the start of nivolumab 
therapy, respectively (Fig. 4). Univariate analysis showed that 
no factors were correlated with PFS.

Relation between tumor control (RECIST1.1) and bone 
response (MDA criteria). Responders according to RECIST1.1 
had significantly more responders according to the MDA 
criteria than non‑responders according to RECIST1.1 
(P<0.05). Although all responders (3 patients) according to 
RECIST1.1 were responders according to the MDA criteria 
(Table VII), in non‑responders according to RECIST1.1, there 
were 3 responders and 9 non‑responders according to the MDA 
criteria. In these 3 patients who were responders according 
to both RECIST1.1 and the MDA criteria, TTR occurred 
earlier according to the MDA criteria (1.4‑2.0 months) than 
according to RECIST1.1 (2.8‑3.0 months) in all patients.

OS. At the time of analysis, 14 patients (93%) had died. OS was 
80 and 44% at 0.5 years and 1 year after the start of nivolumab 
therapy, respectively (Fig. 5). Univariate analysis showed that 
no factor was correlated with OS.

Case 1. A case of durable response of whole lesions and CR 
of bone metastases by nivolumab treatment is shown in Fig. 6. 
The patient was 72 years old when he initially presented with 
lung adenocarcinoma and metastases to the lung, lymph node, 
and bone (lytic type bone lesion in third rib and T11 vertebra). 
He was initially treated with carboplatin, paclitaxel, and 
bevacizumab. Due to disease progression, he was switched to 
second‑line therapy with nivolumab [original lesion (Fig. 6A), 
lung metastases (Fig. 6B) and left third rib metastases (Fig. 6C)].

After three doses of nivolumab (1.4 months), CT showed 
a stable appearance of the right original malignancy (Fig. 6D) 
along with decreases in size of the lung metastases and 
regression of soft tissue extension and OC of the left third rib 
metastases (Fig. 6E), compared with his baseline CT, which 
was considered SD according to RECIST1.1 and PR according 
to the MDA criteria. However, the nivolumab therapy was 
discontinued due to treatment‑related grade 2 diarrhea, which 
could not be resolved with corticosteroid treatment. Although 
the patient received no further chemotherapy, each lesion 
showed decreases in size. Approximately 3  months after 
nivolumab treatment, decreases in size of the original malig-
nancy (Fig. 6F) and lung metastases (Fig. 6G) were seen, which 
was considered PR according to RECIST1.1. Five months after 
nivolumab treatment, complete sclerotic fill‑in of lytic lesions 
was demonstrated, which was considered CR according to 
the MDA criteria (Fig. 6H). Eight months after nivolumab 
treatment, a significant decrease in size of the original lesion 
(Fig. 6I), disappearance of the lung metastases (Fig. 6J), and 
further OC of the left third rib metastases (Fig. 6K) were 
noted. One year after nivolumab treatment, although these 
lesions were not changed, a new bone lesion was detected on 
bone scintigraphy, which was considered PD. The patient was 
subsequently treated with docetaxel and ramucirumab.

Discussion

The present study is the first to investigate the clinical results 
of nivolumab monotherapy in NSCLC patients with bone 

Figure 3. Progression‑free survival (Response Evaluation Criteria in 
Solid Tumors, version 1.1) which depends on the MDA response criteria. 
Progression‑free survival was 83 and 50% at  3 and 6 months after the 
start of nivolumab therapy, respectively, in patients who were responders 
according to the MDA criteria within 3 months. However, all patients that 
were non‑responders according to the MDA criteria converted to progres-
sive disease within 3 months, which was significant (P<0.01). MDA, MD 
Anderson.

Figure 2. Progression‑free survival (Response Evaluation Criteria in Solid 
Tumors, version 1.1). Median progression‑free survival was 1.9 months 
(0.4‑12.1 months), with progression‑free survival of 33 and 20% at 3 and 
6 months after the start of nivolumab therapy, respectively.

Table  V. Bone lesions and response according to the MD 
Anderson response criteria.

Bone lesions	 CR	 PR	 SD	 PD

Lytic	 1	 3	 1	
Mixed			   2	
Blastic			   1	
Lytic/Mixed		  1		
Lytic/Blastic		  1	 1	
Mixed/Blastic			   3	 1

CR, complete response; PR, partial response; SD, stable disease; 
PD, progressive disease.
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metastases, and it found that nivolumab monotherapy resulted 
in OS of 44% at 1‑year post‑treatment. The patient population 
was highly refractory, with almost one‑third having received 
three or more systemic treatments previously. However, this 
result is consistent with previous studies reporting 1‑year OS 
of 41‑71%.

In the present study, ORR according to RECIST1.1 was 
20%, which is consistent with previous studies reporting an 
ORR of 15‑26%. In numerous previous reports, molecular 
markers for prediction of response to nivolumab treatment 

were investigated, as the positive expression of PD‑L1 and 
high tumor mutation burden were associated with significantly 
higher ORR than the others (5,6,25,26). The present univariate 
analysis showed that the number of bone metastases and bone 
response assessed by the MDA criteria were the risk factors 
for patients with PD. Four of 10 patients (40%) had PD among 
the patients with <3 bone metastases. On the other hand, all 
patients had PD among the patients with ≥3 bone metastases. 
However, age, the number of chemotherapy regimens prior 
to nivolumab therapy, and the number of bone lesions were 
not significantly related. Bone is one of the most common 
sites affected by metastatic cancer (1,2). The previous studies 
reported the existence of complex crosstalk among cancer 
cells, immune cells, and the bone microenvironment (27,28). 
Although these molecular factors were not investigated, 
a greater number of bone metastases could indicate a more 
advanced stage of NSCLC, which would lead to a poor 
response.

In the present study, the median TTR of the cancer 
was 3.0 months, which is consistent with previous studies 
reporting TTR of 2.1‑3.3 months (5‑8). The median DOR was 
5.8 months. Of note, as reported in several studies (23,24), 
the long‑term effect of nivolumab (durable response) was 
observed in some patients. Of the three patients who achieved 
an objective response, two (13%) were progression‑free for 9 
and 12 months, respectively. Moreover, every lesion showed a 
decrease in size in one patient, although the patient received no 
further chemotherapy after the discontinuation of nivolumab, 
as shown in Fig. 6.

Figure 4. Progression‑free survival (MD Anderson response criteria). 
Median progression‑free survival was 7.3 months (1.4‑19 months), with 
progression‑free survival of 83 and 50% at 3 and 6 months after the start of 
nivolumab therapy, respectively.

Table VI. Risk factors for non‑responders of bone metastases assessed according to the MD Anderson response criteria.

	 Number of patients
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Covariates	 Patients with CR/PR	 Patients with SD/PD	 P‑value

Age, years			 
  <65	 3	 3	
  ≥65	 3	 6	 0.62
Sex			 
  Male	 5	 6	
  Female	 1	 3	 0.60
Number of prior chemotherapy			 
  <3	 5	 5	
  ≥3	 1	 4	 0.58
Number of bone metastases			 
  <3	 6	 4	
  ≥3	 0	 5	 0.04
Bone modifying agent			 
  Yes	 4	 8	
  No	 2	 1	 0.52
Bone lesion			 
  Lytic only	 4	 1	
  Others	 2	 8	 0.09

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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The present study is the first to investigate the effect of 
nivolumab therapy on metastatic bone lesions. Following 
nivolumab treatment, OC was noted in 8 lytic lesions in 
6 patients on CT (40%), of which partial sclerosis was seen in 
5 patients (33%), and complete sclerosis was seen in 1 patient 
(7%). Four of 10 patients (40%) were non‑responders among 
the patients with <3 bone metastases. On the other hand, all 
patients were non‑responders among the patients with ≥3 
bone metastases. A greater number of bone metastases could 
suggest a more advanced status of NSCLC, which would lead 
to the poor response.

Recently, several studies have indicated that OC is a 
marker of favorable response in various cancers, particularly 
in patients receiving chemotherapy and bone‑targeted thera-
pies (12‑18). Some of these studies also showed that OC could 
be a marker of favorable response after chemotherapy and 
gefitinib in lung cancer (15,16).

Rong et al reported a median interval of 2 months when 
OC occurred after chemotherapy in NSCLC patients with 
bone metastases (16). They showed that OC was a signifi-
cant independent predictor of PFS on multivariate analysis, 
and patients with OC within 3  months had significantly 
higher 1‑year PFS rates than patients with NOC (P<0.001). 
The authors also showed that patients in the OC group had 
a significantly higher 3‑month DCR than those in the NOC 
group (P<0.001). The authors concluded that early OC within 
3 months after the start of chemotherapy can predict the 
response to chemotherapy in NSCLC patients with bone 

metastases. Yamashita et al also reported OC as an indicator of 
good therapeutic response in lung cancer patients treated with 
gefitinib (15). Although all patients with OC were responders 
(RECIST1.1), only 40% were responders among the patients 
without OC, which was significant (P<0.001). Moreover, there 
was a significant difference in the survival rate between the 
two groups (P<0.01), since the median survival of patients 
without OC was 170 days, while none of the patients with OC 
died within 170 days.

However, OC, as well as the regression of soft tissue 
extension, should be investigated in the assessment of 
bone metastases. Therefore, the MDA criteria were used 
in the present study. A significant relationwas demon-
strated between the bone response and the tumor response 
in NSCLC patients with bone metastases who received 
nivolumab monotherapy. Response according to RECIST1.1 
was significantly correlated with the response according 
to the MDA criteria (P<0.05). All responders (3 patients) 
according to RECIST1.1 were responders according to 
the MDA criteria. Importantly, the median time for bone 
response detected by CT was as early as 1.4 months (range 
1.4‑2 months). TTR according to the MDA criteria occurred 
earlier than that according to RECIST1.1 in all patients who 
were responders according to both RECIST1.1 and the MDA 
criteria.

Furthermore, bone response within 2  months was 
indicative of better PFS according to RECIST1.1 in NSCLC 
patients with bone metastases. In patients with bone response 
within 2 months, PFS was 83 and 50% at 3 and 6 months 
after the start of nivolumab therapy, respectively. On the 
other hand, all patients were PD according to RECIST1.1 
within 3 months were non‑responder patients according to 
the MDA criteria.

Although early prediction of the effects of chemotherapy in 
NSCLC patients would help guide clinical practice, the optimal 
markers for predicting the outcomes of bone metastases in 
NSCLC patients have not yet been reported.

The present data suggest that, for patients who have 
received nivolumab monotherapy, being a responder according 
to the MDA criteria is indicative of better tumor responses than 
being a non‑responder according to the MDA criteria, which 
could make predictions earlier than the previous research that 
assessed only OC in patients receiving chemotherapy (16) and 
gefitinib (15).

Moreover, these data could provide clinicians with a 
new means of evaluating the prognosis of NSCLC patients 
with bone metastases by monitoring bone metastases during 
nivolumab monotherapy. Considering that NSCLC with bone 
metastases is highly malignant, early prediction of the effi-
ciency of chemotherapy should help improve patient outcomes. 
Thus, bone response assessed by the MDA criteria performed 
within 2 months of nivolumab monotherapy is useful for the 
early prediction of response and prognosis in NSCLC patients 
with bone metastases.

There were several limitations in this study. First, because 
this was a retrospective study, there could have been selec-
tion and verification biases; the patients had received various 
numbers of regimens of chemotherapy. Second, as we 
excluded patients from the analysis if they had previously 
undergone surgery, RT, or other local interventional therapies 

Figure 5. Overall survival. Overall survival was 72 and 57% at 0.5 and 1 year 
after the start of nivolumab therapy, respectively.

Table VII. Relation of tumor control and bone response.

	 MDA criteria
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
RECIST1.1	 CR	 PR	 SD	 PD

CR				  
PR	 1	 2		
SD		  3		
PD			   8	 1

RECIST1.1, Response Evaluation Criteria in Solid Tumors, 
version 1.1; CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; MDA, MD Anderson.
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to the metastatic bone, the present study included a small 
sample size of only 15 patients. Third, median follow‑up time 
of this study was 12.2 months, which was relatively short. 
These limitations were seen in other studies and is common 
in studies of NSCLC patients with bone metastases who have 
a relatively short survival (15,16). A prospective study with 
a larger number of cases may be necessary to verify our 
hypothesis.

In conclusion, nivolumab monotherapy is effective for 
NSCLC patients with bone metastases. Bone response corre-
lated significantly with tumor control. Early bone response to 
nivolumab monotherapy according to the MDA criteria can 

be useful for the early prediction of response and prognosis 
in NSCLC patients with bone metastases. Future studies with 
larger cohorts are needed to verify the results of the present 
study.
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Figure 6. A case of durable response of whole lesions and CR of bone metastases by nivolumab treatment is shown. Due to disease progression, the patient 
was switched to second‑line therapy with nivolumab. (A) Original lesion, (B) lung metastases and (C) left third rib metastases. After three doses of nivolumab 
(1.4 months), (D) CT showed a stable appearance of the right original malignancy along with (E) a decrease in the size of the lung metastases and regression 
of soft tissue extension and OC of the left third rib metastases compared with the patient's baseline CT, which was considered SD according to RECIST1.1 
and PR according to the MDA criteria. At 3 months after nivolumab treatment, (F) decreases in size of the original malignancy and (G) lung metastases were 
observed, which was considered PR according to RECIST1.1. (H) At 5 months after nivolumab treatment, complete sclerotic fill‑in of the lytic lesions was 
demonstrated, which was considered CR according to the MDA criteria. At 8 months after nivolumab treatment, (I) a significant decrease in size of the original 
lesion, (J) disappearance of the lung metastases and (K) further OC of the left third rib metastases were noted. CR, complete response; OC, osteosclerotic 
change; SD, stable disease; PR, partial response.
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