
Abstract. Background/Aim: Nivolumab has a promising
efficacy for patients with non-small-cell lung cancer
(NSCLC) as second-line or later treatment, and after
radiotherapy as abscopal effect. However, the effects of
radiation pneumonitis history before nivolumab have not
been clarified. Therefore, we retrospectively analyzed the
correlation of a history of radiation pneumonitis before
nivolumab with onset of interstitial lung disease (ILD) and
progression-free survival (PFS) after nivolumab treatment in
patients with previously treated NSCLC. Patients and
Methods: A total of 201 patients treated with nivolumab were
retrospectively reviewed. We collected clinical data of
patients at the time of starting nivolumab and we evaluated
ILD incidence and PFS in relation to patient characteristics,
including radiation pneumonitis history. Results: The median
age was 68 years; 135 patients were men, 157 had a
smoking history, and 153 had performance status of 0 or 1.
Thirty-four patients experienced radiation pneumonitis
before nivolumab, and 50 patients received radiotherapy to
the chest (31 patients received curative radiotherapy). The
overall median PFS was 2.8 months and the overall ILD rate

was 12.4%. Higher ILD incidence was observed in the group
with a history of radiation pneumonitis (26.5%) compared to
the group without radiation pneumonitis (9.6%). The median
PFS was 3.6 and 2.3 months, respectively. On multivariate
analysis, a history of radiation pneumonitis was also
significantly correlated with good PFS (p=0.023).
Conclusion: Although increasing the risk of ILD, a history
of radiation pneumonitis before nivolumab also contributes
to the prolongation of PFS after nivolumab.

The immune checkpoint inhibitors nivolumab and
pembrolizumab are antibodies to programmed death-1 (PD-
1) that were recently approved by the US Food and Drug
Administration and the Japanese Pharmaceuticals and
Medical Devices Agency (PMDA) for patients with
previously treated advanced non-small-cell lung cancer
(NSCLC). Specifically, nivolumab is a fully humanized
immunoglobulin G4 antibody that binds to PD-1 receptor on
activated immune cells to disrupt its interaction with PD-L1
and PD-L2 ligands. Nivolumab was approved for both
squamous and non-squamous NSCLC based on two phase III
randomized controlled trials demonstrating increased overall
survival (OS) compared to standard second-line therapy
using docetaxel (1, 2). Pembrolizumab was approved after a
phase III study ultimately confirmed a survival advantage
after pembrolizumab administration as a second-line therapy
over docetaxel in PD-L1-positive patients (3). As marked
and durable responses have been reported in a number of
patients with NSCLC treated with nivolumab and
pembrolizumab, many studies have focused on identifying
predictors of benefit for such patients. 
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PD-L1 is the most-studied and well-known biomarker. The
trial of pembrolizumab demonstrated a correlation between
increased PD-L1 expression (tumor proportion score ≥1%,
as required by the PMDA) and improved outcomes (3).
However, the role of PD-L1 as a biomarker for nivolumab
therapy is less well-defined. Although PD-L1 expression in
tumor cells was associated with improved survival after
nivolumab treatment compared to docetaxel in patients with
non-squamous histology (2), no association between PD-L1
expression and outcomes was observed in a trial that enrolled
patients with squamous-cell histology (1). Furthermore, even
in non-squamous cases, responses to nivolumab were
observed in patients without PD-L1 expression. Since PD-
L1 is not a biomarker predictive of nivolumab efficacy, novel
predictive markers of efficacy are required to define the
patient population that derives a permanent benefit from
nivolumab therapy. 

It is also noteworthy that immune checkpoint inhibitors
are associated with immune-related adverse events, including
interstitial lung disease (4). Previous reports showed that the
incidence of nivolumab-related death due to ILD was higher
in patients with NSCLC compared with those with other
cancer types, such as melanoma (5, 6). However, the ILD
risk in patients with NSCLC undergoing nivolumab
treatment is unclear. 

A radiation-induced regression in tumor lesions distant from
the targeted site has been known for six decades as a rare
unexplained phenomenon in patients receiving local
radiotherapy (7), and this phenomenon was called abscopal
phenomenon. Recently, some reports suggested that this
abscopal effect may result from an immunogenic type of
cancer cell death (8, 9). In support of this phenomenon,
radiation pneumonitis was observed in patients treated with
ipilimumab and fractionated radiotherapy (RT) (10). However,
the relationship between RT to the chest as local RT and
nivolumab treatment effects, including ILD, remains unclear.
Therefore, we retrospectively analyzed the correlation of a
history radiation pneumonitis before nivolumab treatment with
risk of onset of ILD, and progression-free survival (PFS) after
nivolumab treatment in patients with NSCLC.

Patients and Methods

Patients and study design. We conducted a retrospective multicenter
study of patients treated with nivolumab (3 mg/kg intravenously
every 2 weeks) and who had previously been treated for advanced
NSCLC at the National Hospital Organization Kinki-chuo Chest
Medical Center, Osaka International Cancer Institute, and Osaka
Habikino Medical Center between December 17, 2015, the date that
nivolumab was approved in Japan, and July 31, 2016. Patients were
excluded from our analysis if they received nivolumab as part of a
clinical trial, or if any additional anti-neoplastic therapies were
administered concurrently. A total of 201 patients were identified
under these criteria. All participants provided written informed

consent to participation in this study. The study protocol was
approved by the Institutional Review Board of the three institutions.
This study was registered at UMIN; UMIN-ID: UMIN000025908.

Data collection and evaluation. We collected the electronic medical
records and pharmacy databases, including age and Eastern
Cooperative Oncology Group performance status (ECOG PS) at the
time of initiating nivolumab, gender, smoking history, histology,
treatments before nivolumab and response to them, history of
radiation pneumonitis and thoracic RT (palliative or curative), and
baseline complete blood count defined as that within 2 weeks prior
to nivolumab administration. Epidermal growth factor receptor
(EGFR) and ALK receptor tyrosine kinase (ALK) mutation status
was also reported; importantly, these data were available if such
profiling was performed as part of routine clinical care. We also
retrospectively evaluated the response to nivolumab, using the
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
criteria (11). Furthermore, we collected data on the incidence of
nivolumab-related ILD.

The primary outcome was PFS, defined as the number of days
between the first administration of nivolumab and death, or disease
progression, or the last patient contact. Secondary outcomes were
the overall response rate (ORR) and the incidence of nivolumab-
related ILD. ORR was calculated as the percentage of complete and
partial responses among all treated patients. Nivolumab-related ILD
was defined as worsened pneumonitis during treatment with
nivolumab, while cases with confirmed malignant lung infiltration
or infection were excluded. Patients were followed-up for disease
status until November 30, 2016. All data were examined by
outsourcing (EP-SOGO Co., Ltd,).

Statistical analyses. Statistical analyses were conducted using JMP
statistical software program, version 11 (SAS Institute Inc., Cary,
NC, USA) to compare clinical outcomes according to history of
radiation pneumonitis and thoracic RT. Survival curves were
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Table I. Patient characteristics.

Characteristic                                                                     N=201

Median age (range), years
   Median (range)                                                           68 (27-87)
Gender, n
   Male/female                                                                   135/66
PS, n
   0/1/2/3/4                                                                  32/121/33/12/3
Histology, n
   SQ/Ad/other                                                                42/142/17
Smoking status
   Yes/no                                                                             157/44
EGFR mutation, n
   Positive/negative/unknown                                        36/128/37
History of RT to chest, n
   Yes/no                                                                             50/151
History of radiation pneumonitis, n
   Yes/no                                                                             34/167

Ad: Adenocarcinoma; EGFR: epidermal growth factor receptor; PS:
performance status; RT: radiotherapy; SQ: squamous carcinoma.



estimated using the Kaplan–Meier method and the differences
between groups were compared by a log-rank test. Univariate and
multivariate analyses were performed using the Cox proportional
hazards models. Fisher’s exact tests were used to compare the
nonparametric variables, such as response, as well as to identify the
risk factors for ILD associated with nivolumab treatment according
to potential predictors, and to calculate relative risk ratio (RR) and
its 95% confidence interval. p-Values of less than 0.05 were
considered statistically significant. 

Results

Patient characteristics. Between December 17, 2015 and
July 31, 2016, 201 patients with pre-treated advanced
NSCLC were treated with nivolumab. The characteristics of
these patients nivolumab are shown in Table I. The median
age was 68 years, and most of the patients were men (135
patients), had a smoking history (157 patients), and had an
ECOG PS score of 0 or 1 (153 patients). Moreover, 34
patients experienced radiation pneumonitis before nivolumab
therapy and 50 patients received RT to the chest; specifically,
31 patients received curative RT. 

PFS after nivolumab and its correlation with history of
radiation pneumonitis. For the whole cohort, the median PFS
was 2.8 months. The median PFS in the group with and that
without a history of radiation pneumonitis history was 3.6
and 2.3 months, respectively (Figure 1a). The median PFS
in the group that had and that which had not received RT to
the chest was 3.3 months and 2.2 months, respectively
(Figure 1b). Regarding other factors, the median PFS was as
follows: male vs. female, 3.3 vs. 1.9 months; smoking history
vs. non-smoking history, 3.1 vs. 1.8 months; squamous vs.
non-squamous carcinoma, 1.8 vs. 3.2 months; and PS 0-1 vs.
PS 2-4, 3.2 vs. 1.5 months. 

In the univariate analysis (Table II), poor PS was
significantly correlated with reduced PFS (p=0.0023), while
a trend for such association was observed for male gender
(p=0.169), smoking history (p=0.152), and squamous
histology (p=0.252); there was also a trend for improved
PFS with a history of radiation pneumonitis (p=0.237).
However, RT to the chest did not significantly correlate with
PFS (p=0.635). Furthermore, in the multivariate analysis, a
history of radiation pneumonitis was observed to be a
statistically significant factor in PFS (p=0.023) (Table II). 

Response to nivolumab and its correlation with history of
radiation pneumonitis. We summerized the response of
nivolumab in Table III. In the whole patient group, the complete
overall response rate (ORR), which comprises all cases with
complete response (CR) plus those with partial response (PR),
was 15.4%, and the progressive disease (PD) rate was 44.8%.
Comparing the nivolumab efficacy between the radiation
pneumonitis history and non-radiation pneumonitis history
groups, the ORR was 8.8% and 17.4% (p=0.30), and the PD
rate was 29.4% and 47.9% (p=0.059), respectively. Moreover,
comparing the efficacy between the RT to the chest and no RT
to the chest groups, the ORR was 10.0% and 17.9%, and the
PD rate was 38.0% and 47.0%, respectively (Table III). 

Incidence of ILD associated with nivolumab. Twenty-four out of
201 patients developed nivolumab-related ILD, with an overall
ILD incidence of 12.4% during nivolumab therapy. Specifically,
the incidence of ILD was significantly Iower in the group
without a history of radiation pneumonitis than in that with such
history (9.6% vs. 26.5%, respectively), and in that without RT to
the chest compared to that with (9.3% vs. 22.0%, respectively).
On the other hand, there was no difference in the ILD incidence
according to PS, gender or smoking history (Table IV).
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Figure 1. Kaplan–Meier curves of progression-free survival (PFS) according to history of radiation pneumonitis (a) and of radiation to the chest (b). 



Discussion

In the present study of 201 patients with NSCLC who
received nivolumab as second-line or later treatment, history
of radiation pneumonitis was not only a risk factor for
developing ILD with a mean incidence of 26.5% (relative
risk ratio: 2.76, 95% CI: 1.33–5.73), but was also
significantly predictive of better PFS, with a median PFS of
3.6 months (p=0.023, in the multivariate analysis). This PFS
prolongation of nivolumab was consistent with the lower PD
rate (29.4%) observed for the group with a history of
radiation pneumonitis compared to that (47.9%) observed for
the group without such history. To the best of our
knowledge, this study is the first analysis of the relationship
between the efficacy of nivolumab and the risk for
nivolumab-related ILD in a large population of patients with
NSCLC, and radiation pneumonitis history before the
administration of anti-PD-1 therapy in routine practice.

Data from many laboratories have indicated that local
radiation produces systemic, immune-mediated, antitumor,
and potentially, anti-metastatic effects (12-14). Additionally,
the combination of local RT and immunomodulation not only
can augment local tumor control, but can also cause distant
antitumor effects (abscopal effects) through increased release
of tumor antigen and antigen-presenting cell cross-
presentation, improved dendritic-cell function, and

enhancing T cell priming (15-17). Thus, radiation induces
the release of chemokines that subsequently enrich the T cell
infiltrate, and enhances priming of pre-existing or newly
infiltrating T-cells, which provides a positive immunological
outcome (18). In fact, the presence of tumor-infiltrating
lymphocytes, especially effector T-cells, before therapy is
correlated with better survival in patients with cancer (19).
Furthermore, in preclinical models, inhibition of the PD 1–
PD L1 checkpoint combined with RT liberates T-cells from
immunosuppression (15, 20). Therefore, history of thoracic
RT and nivolumab administration have a potential synergistic
effect, which prolongs PFS and reduces the PD rate.
Although RT to the chest did not reflect this hypothesis of
synergy effect in the present study, this may be because such
immunomodulation does not occur with all types of RT. On
the other hand, a history of radiation pneumonitis was
associated with an improved PFS and lower PD rate. This
indicates that radiation pneumonitis may reflect T-cell
infiltration in response to chemokine release after thoracic
RT, and patients who were treated with nivolumab and had
had previous radiation pneumonitis may have developed
synergistic effects, including abscopal effects.

Nivolumab was associated with an ILD rate of 4.6-6.2%
and 7.2% in previous phase III trials (1, 2) and a previous
Japanese clinical trial (21), respectively, which is lower than
the rate of 12.4% observed in our study. Notably, compared
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Table II. Univariate and multivariate Cox proportional hazards model analysis of factors associated with progression-free survival (PFS) of patients
treated with nivolumab.

Factor                                                             N           Median PFS                          Univariate analysis                                 Multivariate analysis
                                                                                        (months)
                                                                                                                       HR (95%CI)                  p-Value                  HR (95%CI)                 p-Value

All patients                                                                          201                             2.8                                -                                                                   -
Gender
    Male                                                         135                  3.3
    Female                                                       66                   1.9                   1.27 (0.90-1.78)                 0.169                 1.24 (0.77-1.93)                0.362
PS
    0-1                                                            153                  3.2
    2-4                                                             48                   1.5                   1.82 (1.25-2.61)                0.0023                1.96 (1.33-2.82)               0.0008
Smoking history
    Yes                                                            157                  3.1
    No                                                              44                   1.8                   1.33 (0.90-1.92)                 0.152                 1.32 (0.79-2.20)                0.287
Histology
    SQ                                                             42                   1.8
    Non-SQ                                                    159                  3.2                   0.67 (0.30-1.31)                 0.252                 0.59 (0.38-0.93)                0.023
History of RT to chest field
    No                                                             151                  2.2
    Yes                                                             50                   3.3                   0.86 (0.43-1.60)                 0.635                             -                                 
History of radiation pneumonitis
    No                                                             167                  2.3
    Yes                                                             34                   3.6                   0.67 (0.31-1.28)                 0.237                 0.59 (0.35-0.93)                0.023

CI: Confidence interval; HR: hazard ratio; PS: performance status; RT: radiotherapy; SQ: squamous carcinoma.



to these trials, which led to the approval of nivolumab for
NSCLC, our cohort had inferior PS and larger number of
patients with a history of radiation pneumonitis. Given these
key differences, it is not surprising that the incidence of
nivolumab-related ILD in our cohort was higher than that in
published trials.

This is the first report to demonstrate that previous
radiation pneumonitis is a risk factor for nivolumab-related
ILD, likely because of radiation recall pneumonitis caused
by nivolumab. Radiation recall pneumonitis is a specific
form of radiation pneumonitis precipitated by certain
pharmacological agents. Some reports have demonstrated
that radiation recall pneumonitis can be caused by cytotoxic
chemotherapy or EGFR-tyrosine kinase inhibitor (22-26). It
was also shown that radiation recall pneumonitis is an acute
inflammatory reaction occurring in a previously irradiated
area of lung tissue (25, 27), because radiation promotes the
release of danger signals and chemokines, which recruit
inflammatory cells into the tumor microenvironment,
including antigen-presenting cells that activate cytotoxic T-
cell function, and, by contrast, immunosuppressive cells into
the tumor microenvironment (18). On the other hand,
immune-related adverse events associated with nivolumab or
ipilimumab include dermatitis, endocrinopathies, colitis,
hepatitis, and pneumonitis, which are all thought to arise
from aberrant activation of autoreactive T-cells (28, 29). In
addition, PD-1 can induce negative feedback to attenuate
innate immune inflammatory responses and tissue damage

elicited by Toll-like receptors and cytokine signaling (30).
Therefore, nivolumab might cause excessive activation of
immune cells by blocking the PD-1–PD-L1 pathway that
negatively regulates immune response. As a result, a high
incidence of nivolumab-related ILD, including radiation
recall pneumonitis, might occur in response to nivolumab. 

There are several limitations to the present study. Firstly,
given the retrospective nature of the study, there is a
potential for bias and confounding in the investigation of
PFS. Therefore, we attempted to address confounding by
building multivariate models to adjust for confounding
factors. Secondly, very few patients underwent PD-L1
testing, and we were unable to include PD-L1 status as a
potential confounding or interacting variable in our analyses.
PD-L1 states is not routinely tested in patients with NSCLC
outside of clinical trials in Japan, due to the availability of
nivolumab in second-line or later setting without PD-L1
testing.

Conclusion

In summary, a history of radiation pneumonitis is
independently associated not only with nivolumab-related risk
of ILD, but also with prolonged PFS and lower PD rate in
patients with advanced NSCLC treated with nivolumab.
Therefore, it is important to take action for preventing ILD
development when using nivolumab treatment for patients with
a history of radiation pneumonitis, increasing the potential for
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Table III. Efficacy of nivolumab by factor.

Factor                            N   CR (%)  PR (%)   SD (%)   PD (%)   NE (%)

All patients                  201      0.5         15.4        35.8        44.8         3.5
Gender
   Male                          135      0.7         17.0        37.8        40.0         4.4
   Female                       66       0.0         12.1        31.8        54.6         1.5
PS
   0-1                            153      0.7         17.7        37.9        40.5         3.3
   2-4                              48       0.0          8.3         29.2        58.3         4.2
Smoking history
   Yes                            157      0.6         15.9        38.2        40.8         4.5
   No                              44       0.0         13.6        27.3        59.1         0.0
History of RT 
to chest field
   No                             151      0.0         17.9        31.8        47.0         3.3
   Yes                             50       2.0          8.0         48.0        38.0         4.0
History of radiation 
pneumonitis
   No                             167      0.0         17.4        30.5        47.9         4.2
   Yes                             34       2.9          5.9         61.8        29.4         2.9

PS: Performance status; RT: radiotherapy; CR: complete response; PR:
partial response; SD: stable disease; PD: progression disease; NE: not
evaluated.

Table IV. Rate of interstitial lung disease (ILD) with nivolumab therapy
and relative risk of ILD by factor.

Factor                          N  ILD incidence      Relative risk        p-Value
                                                   (%)              ratio (95% CI)

All patients                                201                       12.4                    -        
Gender
   Male                        135          14.1
   Female                     66            9.1             0.65 (0.27-1.54)        0.37
PS
   0-1                          153          13.1
   2-4                            48           10.4            0.80 (0.32-2.01)        0.80
Smoking history
   Yes                          157          13.4
   No                            44            9.1             0.68 (0.25-1.88)        0.61
History of RT 
to chest field
   No                           151           9.3
   Yes                           50           22.0            2.37 (1.15-4.88)        0.03
History of radiation 
pneumonitis
   No                           167           9.6
   Yes                           34           26.5            2.76 (1.33-5.73)       0.018

CI: Confidence interval; PS: performance status; RT: radiotherapy.



better PFS. However, it is unclear whether previous radiation
pneumonitis is a prognostic factor, and further studies are
warranted to determine the utility of a history of radiation
pneumonitis in the context of other predictive markers. 
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