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Abstract

Nivolumab can cause interstitial lung disease (ILD), which may be fatal; however, mor-
tality risk factors have not been identified. This postmarketing study evaluated the
poor prognostic factors of ILD in nivolumab-treated patients with non-small cell lung
cancer (NSCLC) in Japan. Clinical and chest imaging findings for each ILD case were
assessed by an expert central review committee, and prognosis was evaluated by
radiographic findings, including the presence/absence of peritumoral ground-glass
opacity (peritumoral-GGO). Poor prognostic factors were identified by univariate and
multivariate Cox regression analysis. Of the 238 patients with nivolumab-induced
ILD, 37 died. The main radiographic patterns of ILD were cryptogenic organizing
pneumonia/chronic eosinophilic pneumonia-like (53.4%), faint infiltration pattern/
acute hypersensitivity pneumonia-like (20.2%), diffuse alveolar damage (DAD)-like
(10.9%), and nonspecific interstitial pneumonia-like (6.3%). The main poor prognostic
factors identified were DAD-like pattern (highest hazard ratio: 10.72), <60 days from
the start of nivolumab treatment to the onset of ILD, pleural effusion before treat-
ment, lesion distribution contralateral or bilateral to the tumor, and abnormal change
in C-reactive protein (CRP) levels. Of the 37 deaths due to ILD, 17 had DAD-like radi-
ographic pattern, three had peritumoral-GGO, and five had a change in radiographic
pattern from non-DAD at the onset to DAD-like. Patients with NSCLC who develop
ILD during nivolumab treatment should be managed carefully if they have poor prog-

nostic factors such as DAD-like radiographic pattern, onset of ILD <60 days from

See related article https://onlinelibrary.wiley.com/doi/10.1111/cas.14715
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1 | INTRODUCTION

The immune checkpoint inhibitor nivolumab is a human mono-
clonal antibody against programmed death-1 (PD-1).! Nivolumab
inhibits binding of PD-1 to programmed death-ligand 1 (PD-L1)
or 2 (PD-L2), thereby enhancing the immune response to tu-
mors.! Nivolumab is the first approved human anti-human PD-1
monoclonal antibody; it was initially approved in Japan in 2014
for the treatment of unresectable or metastatic melanoma and
has subsequently been approved for the treatment of other
types of cancer including non-small cell lung cancer (NSCLC).?
The efficacy of nivolumab in previously treated patients with
advanced NSCLC was demonstrated in the randomized phase 3
CheckMate-017 and CheckMate-057 studies.>* Pooled analysis
of the CheckMate-017 and CheckMate-057 studies showed that
nivolumab was associated with a 5-year survival rate of 13.4%
compared with 2.6% for docetaxel.> Overall, nivolumab has a
favorable safety profile."®* However, owing to its mechanism
of action, nivolumab is associated with immune-related adverse
events, including interstitial lung disease (ILD)/pneumonitis.l'?”4
ILD may lead to a fatal outcome and therefore requires careful
attention.

In the global CheckMate-017 and CheckMate-057 trials, the
incidence of nivolumab-associated ILD or pneumonitis was 4.6%
(6/131 patients) and 3.5% (10/287 patients), respectively.>* In
Japanese patients with NSCLC, rates of nivolumab-associated ILD
of 7.2% and 9.6% have been reported in a pooled analysis of two
phase 2 studies® (n = 111) and a postmarketing surveillance (PMS)
study (n = 3606), respectively.” Nivolumab-associated ILD may re-
sult in death; however, whether a particular type of ILD is related
to death is not yet clear. Baba et al® published a study on imaging
characteristics of different types of ILD and their outcomes in pa-
tients treated with nivolumab in NSCLC. However, this study did
not identify the mortality risk factors related to nivolumab-asso-
ciated ILD.

Understanding the characteristics of nivolumab-associated ILD
and identifying mortality risk factors would allow more careful ob-
servation of the clinical course of ILD. The aim of the current study
was to evaluate radiographic characteristics and poor prognostic
factors of ILD in nivolumab-treated patients with NSCLC in cases of
ILD reported by treating physicians as part of a PMS for nivolumab

in Japan.

nivolumab initiation, pleural effusion before nivolumab treatment, lesion distribution

contralateral or bilateral to the tumor, and abnormal changes in CRP levels.

computed X-ray tomography, interstitial lung diseases, nivolumab, non-small-cell lung

carcinoma, prognostic factors

2 | PATIENTS AND METHODS
2.1 | Study design

This was a retrospective observational postmarketing study of pa-

tients with NSCLC receiving nivolumab treatment in Japan.

2.2 | Study population

Previously treated patients with NSCLC who experienced ILD while
receiving nivolumab and who had chest radiographic and clinical find-
ings available were eligible for this study. An ILD expert central review
committee (ECRC) assessed radiographic images (computed tomogra-
phy, X-ray) and clinical data for each nivolumab-treated patient. The
ECRC consisted of eight radiologists and eight pulmonologists. For
each case, two radiologists independently evaluated radiographs and
two pulmonologists independently evaluated clinical data. Patients
determined by the ECRC to fall into one of the following categories
were considered not to have nivolumab-associated ILD and were ex-
cluded from the analyses: primary disease exacerbation; infectious
disease; ILD not associated with nivolumab treatment; not evaluable;

and another drug could not be ruled out as the cause of ILD.

2.3 | Data collection

Evaluations included the antitumor effect of nivolumab, ILD radio-
graphic pattern, presence/absence of peritumoral ground-glass opac-
ity (peritumoral-GGO; composed mainly of GGOs confined to the
area around the tumor, previously called peritumoral infiltration®), and
clinical outcomes. Data were collected on the following: ILD type clas-
sification (typical or atypical); time from the initial dose of nivolumab
to the onset of ILD; severity of ILD before treatment; pleural effu-
sion before treatment; emphysema before treatment; percentage
of normal lung tissue (<50% or >50%) before treatment; presence/
absence of honeycomb lung before treatment; presence/absence of
GGO, pulmonary consolidation, reticular pattern, and traction bron-
chiectasis at ILD onset; change in pleural effusion at ILD onset; lesion
distribution; ILD radiographic pattern (as defined below); presence/
absence of peritumoral-GGO; radiotherapy history; effect of steroid

treatment; and abnormal changes in Krebs von den Lungen-6 (KL-6),
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lactate dehydrogenase (LDH), and C-reactive protein (CRP). Changes
in KL-6, LDH, and CRP were based on laboratory values for each pa-
rameter and were confirmed at the discretion of the ECRC. Abnormal
changes were determined as relatively large elevations in the levels of
these parameters after ILD onset compared with their levels before
nivolumab treatment. If the laboratory value was within the normal
range at the time of ILD onset, or there was no apparent increase com-
pared with before nivolumab treatment, a classification of no abnor-
mal change was determined. Patients determined by the ECRC to have
nivolumab-associated ILD were classified by the ECRC into one of the
following radiographic patterns: acute interstitial pneumonia/diffuse
alveolar damage (DAD)-like pattern characterized by GGOs or consoli-
dations predominantly in dependent lung regions, which may be ac-
companied by linear opacities corresponding to lung volume loss and
traction bronchiectasis; faint infiltration/acute hypersensitivity pneu-
monia (HP)-like pattern characterized by diffuse GGOs and centrilobu-
lar nodularities, sometimes accompanied by air trapping; cryptogenic
organizing pneumonia (COP)-like pattern characterized by multifocal
bilateral parenchymal consolidations with peripheral and lower-lung
distribution, sometimes accompanied by GGOs and reticular opaci-
ties; chronic eosinophilic pneumonia (CEP)-like pattern character-
ized by GGOs, infiltrative shadows, nodule-like shadows, mediastinal
lymphadenopathy, pleural effusion, interlobular septum, and thicken-
ing of bronchovascular bundles; nonspecific interstitial pneumonia
(NSIP)-like pattern characterized by GGOs and reticular opacities pre-
dominantly in peripheral and lower-lung distribution, sometimes ac-
companied by traction bronchiectasis and lower-lobe volume loss; and
“other.”° For patients who displayed multiple radiographic patterns,
classification was assigned according to the most prominent feature
exhibited. In addition, patients with atypical radiographic features
were classified according to the presence/absence of peritumoral-
GGO, exacerbation of radiation fibrosis (GGO or consolidation around
radiation fibrosis consistent with the radiation field), intensified infec-
tions (diffuse pulmonary infiltration radiologically resembling intersti-
tial pneumonia with exacerbation of subclinical infection), or abnormal

opacities largely confined to the lung ipsilateral to the tumor.®

2.4 | Statistical analysis

Univariate analysis was performed for all prognostic factors for
nivolumab-associated ILD (Fine and Gray model*) on which data
were collected. Poor prognosis was defined as ILD-associated death,
as determined by the ECRC. Eleven poor prognostic factors of high
clinical significance were identified. Of these, DAD-like pattern had
the highest hazard ratio (HR) in the univariate analysis and hence was
identified as a poor prognostic factor, and the other 10 factors were
considered candidate poor prognostic factors. To examine these
poor prognostic factors, multivariate analyses were performed using

I** as in univariate analyses. For the multi-

the Fine and Gray mode
variate analysis, DAD-like pattern was paired one on one with each
of the remaining 10 prognostic factors, and poor prognostic factors

were identified using HR of <0.5 or >2 as a guide.
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3 | RESULTS
3.1 | Patient disposition

Of the 325 nivolumab-treated patients with NSCLC who reported
symptoms of ILD between December 17, 2015 and March 31, 2016,
273 patients were determined by the ECRC to have ILD (Figure 1).
The cause of ILD was determined to be nivolumab for 238 of the 273
patients with ILD; the effects of other agents (eg, epidermal growth
factor receptor tyrosine kinase inhibitors [EGFR TKls]) could not be
excluded for the remaining 35 patients (Figure 1). In total, 37 of the
238 patients died of ILD.

3.2 | Prognosis by ILD radiographic pattern and
peritumoral-GGO

In this population of 238 patients with NSCLC and nivolumab-
associated ILD, the most common radiographic pattern of ILD
was COP/CEP-like (53.4%), followed by faint infiltration/acute
HP-like (20.2%) and DAD-like (10.9%) (Table 1, Figure 2). Overall,
11.3% of patients had peritumoral-GGO, and 87.8% of patients
did not have peritumoral-GGO (Table 1, Figure 2). Of the 37 pa-
tients who died of ILD, 17 patients had DAD-like radiographic
pattern (Table 1).

3.3 | Prognostic risk factor analysis

The risk factor most strongly linked with ILD-associated mortality was
DAD-like radiographic pattern (HR: 10.72; 95% confidence interval
[Cl]: 5.65-20.34) (Table 2). Ten poor prognostic factors of high clini-
cal relevance (based on omission of predicted confounding factors [eg,
typical vs atypical pattern and lesion distribution/peritumoral-GGO
or traction bronchiectasis and DAD-like pattern]) were identified for
ILD-associated mortality among univariate risk factor analyses. These
10 poor prognostic factors were <60 days from the start of treatment
to the onset of ILD, mild to moderate to severe ILD before treatment,

<50% of normal lung tissue, no emphysema before treatment, pleural

Patients evaluated

N =325
Not ILD, n = 52

Infection, n = 20

Aggravation of primary disease, n = 12
Other,n=18

Not evaluable, n =2

Patients with ILD
n=273

Induction of ILD by other agents
could not be excluded, n = 35

Patients with nivolumab-associated ILD
n=238

FIGURE 1 Patientdisposition. ILD, interstitial lung disease
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All patients Patients survived Patients died of ILD
Factor (N = 238) (n=201)% (n =37)°

ILD radiographic pattern, n (%)

DAD-like 26 (10.9) 9 (34.6) 17 (65.4)
Faint infiltration/acute 48 (20.2) 46 (95.8) 2(4.2)
HP-like
COP/CEP-like 127 (53.4) 113(89.0) 14 (11.0)
NSIP-like 15(6.3) 14 (93.3) 1(6.7)
Other 22(9.2) 19 (86.4) 3(13.6)
Peritumoral-GGO status, n (%)?

Peritumoral-GGO 27 (11.3) 24 (88.9) 3(11.1)
Non-peritumoral-GGO 209 (87.8) 175 (83.7) 34 (16.3)
Undeterminable 2(0.8) 2 (100) 0

Abbreviations: CEP, chronic eosinophilic pneumonia; COP, cryptogenic organizing pneumonia;
DAD, diffuse alveolar damage; GGO, ground-glass opacity; HP, hypersensitivity pneumonia;
ILD, interstitial lung disease; NSIP, nonspecific interstitial pneumonia.

?For each ILD radiographic pattern and peritumoral-GGO status category, the percentage of patients
who survived and the percentage of patients who died of ILD were calculated as a percentage of the
subset of patients with the indicated radiographic pattern or peritumoral-GGO status.

TABLE 1 Prognosis by ILD
radiographic pattern and peritumoral-
GGO status

FIGURE 2 Representative radiological
patterns of nivolumab-related interstitial
lung disease (ILD). A, Typical diffuse
alveolar damage (DAD)-like radiographic
pattern in a 57-year-old male with
squamous non-small cell lung cancer
(NSCLC). Ground-glass opacities (GGOs)
were apparent in almost the whole lung
field. Distorted interlobular septum,
pleura, and vessels indicated a DAD-

like pattern. B, Typical faint infiltration/
hypersensitivity pneumonia (HP)-like
ILD radiographic pattern in a 44-year-old
female with lung adenocarcinoma. Faint
infiltration was apparent in both lung
fields. C, Typical cryptogenic organizing
pneumonia (COP)/chronic eosinophilic
pneumonia (CEP)-like ILD radiographic
pattern in a 74-year-old male with
squamous NSCLC. Patchy GGO with
partial consolidation was distributed in
both peripheral lung fields. D, Typical
nonspecific interstitial pneumonia (NSIP)-
like ILD radiographic pattern in a 68-year-
old male with lung adenocarcinoma.
Peribronchovascular consolidation

was observed. E, Typical peritumoral-
GGO in a 70-year-old female with lung
adenocarcinoma. GGO surrounding
tumors was apparent after nivolumab
treatment

effusion before treatment, no peritumoral-GGO, no history of radio- Multivariate analysis of ILD radiographic pattern (the prese-

therapy, lesion distribution contralateral to tumor and bilateral, abnor- lected prognostic factor with the highest HR in the univariate

mal fluctuation in KL-6, and abnormal change in CRP (Table 2). analysis [DAD-like pattern]) paired one on one with the remaining
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TABLE 2 Univariate analysis of poor prognostic factors for ILD-associated death

Patients Patients died Hazard ratio
Risk factor Category n of ILD,n (%) Category comparison (95% Cl)
Patient clinical Gender Male 200 30(15.0) Male vs female 0.81 (0.35-1.85)
characteristics Female 38 7 (18.4)
Age, years <65 84 10(11.9) 265 vs <65 1.50(0.72-3.13)
265 154 27 (17.5)
<75 188 30(16.0) 275 vs <75 0.93(0.41-2.13)
275 50 7 (14.0)
ECOG PS 0-1 188 22 (11.7) 2-4vs0-1 3.32(1.73-6.38)
2-4 50 15(30.0)
Smoking history Non-smoker 29 9 (31.0) Smoker vs non-smoker 0.40(0.19-0.84)
Smoker 204 27 (13.2)
Unknown 5 1(20.0)
Previous or comorbid No 52 9(17.3) Yes vs no 0.77 (0.36-1.68)
disease Yes 186 28 (15.1)
Liver disease No 223 34 (15.2) Yes vs no 1.27 (0.42-3.82)
Yes 15 3(20.0)
Kidney disease No 225 35(15.6) Yes vs no 0.99 (0.23-4.18)
Yes 13 2(15.4)
Heart disease No 216 32(14.8) Yes vs no 1.54 (0.62-3.80)
Yes 22 5(22.7)
Autoimmune disease No 226 36 (15.9) Yes vs no 0.50(0.07-3.60)
Yes 12 1(8.3)
Lung infection No 225 33(14.7) Yes vs no 2.25(0.80-6.39)
Yes 13 4(30.8)
Number of prior 0 4 1(25.0) >3 vs 0-2 1.35(0.71-2.57)
chemotherapy regimens 1 64 10 (15.6)
2 68 8(11.8)
>3 102 18(17.6)
History of radiotherapy Yes 100 11(11.0) No vs yes 1.86 (0.93-3.75)
(including chest) No 135 26 (19.3)
Not evaluable 3 0(0.0)
ILD type classification Typical 152 30 (19.7) Typical vs atypical 3.06(1.27-7.33)
Atypical 85 6(7.1)
Not evaluable 1 1(100.0)
Days from start of treatment to onset of ILD <60 days 151 34 (22.5) <60 days vs >60 days 7.57 (2.36-24.33)
>60 days 87 3(3.4)
Image findings Severity of ILD None 156 21(13.5) Mild to moderate to severevsnone  1.45 (0.76-2.76)
GG Mild 61 12(19.7)
lung before
T Moderate 16 3(18.8)
Severe 3 1(33.3)
Undeterminable 1 0(0.0)
Unknown 1 0(0.0)
Presence of honeycomb lung No 222 32 (14.4) Yes vs no 2.09 (0.80-5.45)
Yes 14 4(28.6)
Undeterminable 1 1(100.0)

(Continues)
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(Continued)

TABLE 2

Image findings at
ILD onset

Image findings

Clinical findings

Risk factor

Percentage of normal lung
tissue

Severity of emphysema

Presence of pleural
effusion

GGO

Pulmonary consolidation

Reticular pattern

Traction bronchiectasis

Change in pleural effusion

Lesion distribution

ILD radiographic pattern

Peritumoral-GGO

KL-6

CRP

SAITO ET AL.

Category
>50%
<50%
Unknown
None
Mild
Moderate
Severe
Unknown

No

Yes

None

No change
Decrease
Increase
Bilateral
Contralateral
Ipsilateral

Not applicable
DAD-like

Faint infiltration/
acute HP-like

COP/CEP-like
NSIP-like

Other

No

Yes
Undeterminable

Abnormal change

No abnormal change

Not evaluable
Abnormal change

No abnormal
change

Not evaluable

Patients
n

220
17
1
115
74
37
11

136
102
12
226
104
134
193
45
211
27
30
110
87
11
137
43
51
7
26
48

127
15
22
209
27

117

39
154
72

12

Patients died
of ILD, n (%)
33(15.0)
4(23.5)
0(0.0)
18 (15.7)
13(17.6)
5(13.5)
1(9.1)
0(0.0)
13(9.6)
24 (23.5)
3(25.0)
34 (15.0)
20(19.2)
17 (12.7)
32(16.6)
5(11.1)
28(13.3)
9(33.3)
2(6.7)
19 (17.3)
16 (18.4)
0(0.0)
26(19.0)
8(18.6)
2(3.9)
1(14.3)
17 (65.4)
2(4.2)

14 (11.0)
1(6.7)
3(13.6)
34 (16.3)
3(11.1)
0(0.0)
23(19.7)
7(8.5)
7(17.9)
32(20.8)
2(2.8)

3(25.0)

Category comparison

<50% vs >50%

None vs mild to moderate to
severe

Yes vs no

No vs yes

No vs yes

No vs yes

Yes vs no

No change vs none

Decrease vs none

Increase vs none

Contralateral to tumor and
bilateral vs ipsilateral to tumor

DAD vs non-DAD

No vs yes

With abnormal change vs no
abnormal change

With abnormal change vs no
abnormal change

Hazard ratio
(95% ClI)

1.72(0.60-4.98)

1.03(0.54-1.96)

2.72(1.39-5.32)

1.75(0.51-5.98)

1.62(0.85-3.07)

1.53(0.60-3.88)

2.79 (1.34-5.79)

2.94(0.70-12.41)

3.29(0.77-14.06)

5.62(1.38-22.84)

10.72 (5.65-20.34)

1.52(0.47-4.86)

2.37(1.01-5.57)

8.93(2.19-36.49)

(Continues)
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TABLE 2 (Continued)
Patients Patients died Hazard ratio
Risk factor Category n of ILD,n (%) Category comparison (95% Cl)
LDH Abnormal change 103 26(25.2) With abnormal change vs no 3.77 (1.81-7.83)
No abnormal change 130 10(7.7) abnormal change
Not evaluable 5 1(20.0)
Effect of steroid treatment Yes 180 11 (6.1) No vs yes 57.00(23.11-140.62)
No 22 21(95.5)
Not evaluable 36 5(13.9)

Note: The risk factors in bold were considered clinically significant and were selected for multivariate analyses.

Abbreviations: CEP, chronic eosinophilic pneumonia; Cl, confidence interval; COP, cryptogenic organizing pneumonia; CRP, C-reactive protein;
DAD, diffuse alveolar damage; ECOG PS, Eastern Cooperative Oncology Group performance status; GGO, ground-glass opacity; HP, hypersensitivity
pneumonia; ILD, interstitial lung disease; KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; NSIP, nonspecific interstitial pneumonia.

TABLE 3 Multivariate analysis of poor prognostic factors for
ILD-associated death

Risk factor Category comparison

ILD radiographic pattern DAD vs non-DAD

Days from start of treatment to <60 days vs >60 days

onset of ILD

Pleural effusion before treatment Yes vs no

Contralateral to tumor and
bilateral vs ipsilateral to
tumor

Lesion distribution

Change in CRP Abnormal change vs no

abnormal change

Abbreviations: CRP, C-reactive protein; DAD, diffuse alveolar damage;
ILD, interstitial lung disease.

10 prognostic factors confirmed the poor prognostic factors for sur-
vival (Table 3 and Table S1). In the multivariate model, the following
were identified as poor prognostic factors when paired with DAD-
like pattern on the basis of HR >2: days from the start of treatment
to the onset of ILD: <60 days; pleural effusion before treatment: yes;
lesion distribution: contralateral to tumor and bilateral; and change
in CRP: abnormal change.

3.4 | Change in ILD radiographic pattern

Among the 37 patients who died of ILD, 17 patients had DAD-
like pattern, and 20 patients had non-DAD-like pattern. Of the 20
patients with a non-DAD-like pattern, a change in radiographic
pattern was observed for five patients during the course of their
ILD. The radiographic pattern changed to DAD-like (in all five pa-
tients) from COP/CEP-like in four patients and from faint infiltra-
tion pattern/acute HP-like pattern in one patient (Table 4). The
change in radiographic pattern from faint infiltration pattern/
acute HP-like and from COP/CEP-like to DAD-like was observed
within approximately 17 days and 8 to 69 days from ILD onset, re-

spectively. All five patients received steroid treatment; however,

TABLE 4 Change in radiographic pattern from ILD onset to
death in 37 patients with ILD-related death

Change inradiographic
pattern from ILD onset
to death

Radiographic pattern atILD onset
(N=237)
DAD-like (n = 17)

Faint infiltration/
acute HP-like (n = 2)

No change (n = 17)
No change (n = 1)

DAD-like (n = 1)?

|ialal

COP/CEP-like No change (n = 10)
(n=14)
DAD-like (n = 4)°
NSIP-like (n = 1) No change (n = 1)
Others (n = 3) No change (n = 3)

Abbreviations: CEP, chronic eosinophilic pneumonia; COP,
cryptogenic organizing pneumonia; DAD, diffuse alveolar damage;
HP, hypersensitivity pneumonia; ILD, interstitial lung disease; NSIP,
nonspecificinterstitial pneumonia.

“The change in radiographic pattern was noted within approximately
17 days of ILD onset.

*The changein radiographic pattern was noted within approximately
8 to 69 days of ILD onset.

only one patient responded, three of them did not respond, and
one patient received treatment a day before death and hence was

not evaluated.

3.5 | Tumor response by ILD radiographic
pattern and peritumoral-GGO status

No patients had a complete response; the partial response (PR) rate
for the study population was 34.0% (81/238 patients, Table 5). The
PR rate was 7.7% in patients with the DAD-like radiographic pattern
compared with 34.7% to 46.7% in patients with other radiographic
patterns of ILD (Table 5). The PR rate was 40.7% in patients with
peritumoral-GGO and 33.5% in patients without peritumoral-GGO
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TABLE 5 Tumor response by ILD radiographic pattern and peritumoral-GGO status

Tumor response, n (%)?

All patients
Factor n CR
ILD radiographic pattern, n (%)?
DAD-like 26 (0]
Faint infiltration/acute HP-like 48 0
COP/CEP-like 127 (0]
NSIP-like 15 0
Other 22 0
Peritumoral-GGO status, n (%)?
Peritumoral-GGO 27 0
Non-peritumoral-GGO 209 0
Undeterminable 2 0
All patients 238 0

PR SD PD Undeterminable
2(7.7) 12 (46.2) 8(30.8) 4(15.4)
18 (37.5) 15(31.3) 13 (27.1) 2(4.2)
44 (34.7) 44 (34.7) 27 (21.3) 12 (9.4)
7(46.7) 5(33.3) 2(13.3) 1(6.7)
10 (45.5) 4(18.2) 1(4.6) 7(31.8)
11 (40.7) 12 (44.4) 4(14.8) 0
70(33.5) 68 (32.5) 46(22.0) 25(12.0)
0 0 1(50.0) 1(50.0)
81(34.0) 80 (33.6) 51(21.4) 26 (10.9)

Abbreviations: CEP, chronic eosinophilic pneumonia; COP, cryptogenic organizing pneumonia; CR, complete response; DAD, diffuse alveolar damage;
GGO, ground-glass opacity; HP, hypersensitivity pneumonia; ILD, interstitial lung disease; NSIP, nonspecific interstitial pneumonia; PD, progressive

disease; PR, partial response; SD, stable disease.

@For each ILD radiographic pattern and peritumoral-GGO status category, the percentage of patients with each type of tumor response was
calculated as a percentage of the subset of patients with the indicated radiographic pattern or peritumoral-GGO status.

Outcome, n (%)

TABLE 6 Summary of history of
radiation therapy to lungs

Total, n (%) Survived Death Unknown
History of radiation to lung
No 143 (60.1) 115(80.4) (18.2) 2(1.4)
Yes 93(39.1) 2(88.2) (10.8) 1(1.1)
Unknown 2(0.8) 1(50.0) 1(50.0) 0
Total 238(100.0) 198(83.2) 37 (15.5) 3(1.3)
Period between end of chest irradiation and start of nivolumab treatment
<1 month 4 (4.3) 3(75.0) 1(25.0) 0
21 month and <6 months 1(22.6) 5(71.4) 6(28.6) 0
>6 months and <1 year 2(23.7) 20 (90.9) 2(9.1) 0
>1 year and <3 years 7 (29.0) 6(96.3) (3.7)
>3 years 0(10.8) 9 (90.0) 1(10.0) 0
Unknown 9(9.7) 9 (100.0) 0
Total 3(100.0) 82(88.2) 10 (10.8) 1(1.1)

(Table 5). In the peritumoral-GGO group, 0/27 patients (0%) had the
DAD-like pattern compared with 26/209 patients (12.4%) in the
non-peritumoral-GGO group.

3.6 | History of radiotherapy to lungs

In total, 93 of 238 patients had a history of radiotherapy to the chest
area before receiving nivolumab treatment, of whom 10 patients
died of ILD. The ILD mortality rate was 10.8% in patients with a his-
tory of radiotherapy (10/93 patients) and 18.2% in patients without
a history of radiotherapy (26/143 patients) (Table 6). The period be-

tween the end of radiotherapy and the start of nivolumab treatment

was <6 months for seven of the 10 patients with a history of radio-
therapy who died of ILD (Table 6).

4 | DISCUSSION

In this postmarketing study, the radiographic characteristics and
mortality risk factors of nivolumab-associated ILD were evaluated in
238 patients with NSCLC. A spectrum of radiographic patterns was
observed, of which the COP/CEP-like pattern was the most com-
mon. The ILD mortality rate varied according to ILD radiographic
pattern and was substantially higher in patients with the DAD-like
radiographic pattern than in patients with the other patterns. A
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DAD-like radiographic pattern was one of five poor prognostic fac-
tors of nivolumab-associated ILD identified by univariate/multivari-
ate analyses, along with <60 days from the initial dose of nivolumab
to the onset of ILD, pleural effusion present before nivolumab treat-
ment, abnormal opacities distributed contralateral to the tumor or
bilaterally, and abnormal change in CRP levels. Given the potentially
fatal outcome of ILD, patients with NSCLC and nivolumab-associ-
ated ILD who have these poor prognostic factors should be managed
carefully during nivolumab treatment.

In this postmarketing study, of the 238 patients with NSCLC with
nivolumab-associated ILD, 37 patients died, which is in the order of
that reported in other studies of nivolumab-treated patients with
cancer. Ohe et al’ reported an overall ILD mortality rate of 9.9% in
a PMS study of 345 patients with NSCLC and nivolumab-associated
ILD. Delaunay et al*? reported an ILD mortality rate of 9.4% in a ret-
rospective study of 64 patients with cancer (mostly NSCLC or mel-
anoma) who experienced ILD during immune checkpoint inhibitor
treatment (cytotoxic T-lymphocyte-associated protein 4, PD-1, or
PD-L1 inhibitors).

As reported previously,®3

multiple radiographic patterns were
observed in the current analysis of patients with nivolumab-as-
sociated ILD, including COP/CEP-like, infiltration/acute HP-like,
DAD-like, and NSIP-like patterns. DAD in the lung in ILD patients
is generally associated with a poor prognosis and high mortality.!**°
The ILD mortality rate was highest in patients with DAD-like radio-
graphic pattern, with a rate of 65.4%. This finding is consistent with
the postmarketing study reported by Baba et al,® in which the ILD
mortality rate was 68.4% (13/19 patients with DAD-like pattern).
Of note, in five patients who died in the current analysis, mortality
was preceded by a change in radiographic pattern to the DAD-like
pattern. However, this may be complicated by the fact that imag-
ing findings of an early-stage DAD-like pattern may be difficult to
diagnose,’ so the initial diagnosis of ILD may have been perceived
as a non-DAD-like pattern. The radiographic change may indicate
worsening ILD.> Furthermore, four of these five patients had the
COP/CEP-like pattern at the early stage of diagnosis, which is usually
responsive to steroid treatment.?®'” However, although all five pa-
tients received steroids, most did not respond; this could be because
they had DAD-like pattern from the start, which rarely responds to
treatment and has a poor prognosis.” This highlights the importance
of continued observation of patients with ILD—including patients
with the more favorable ILD radiographic patterns—with the aim of
preventing the worsening of the existing ILD.

The identification of ILD onset <60 days from the initial dose
of nivolumab as a poor prognostic factor indicates that careful ob-
servation is required for patients with early onset of ILD during
nivolumab treatment; this is because their risk of death is higher
compared with patients who develop ILD >60 days after start-
ing nivolumab treatment. Similar results were observed in NSCLC
patients treated with immune checkpoint inhibitors, where the
median time for the onset of checkpoint inhibitor pneumonitis
(CIP) was 82 days, with most cases occurring <6 months after the

initiation of immune checkpoint inhibitor treatment, irrespective
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of grade, and grade 5 CIP occurring at 12 days from treatment
initiation.*® The presence of pleural effusion was identified as a
poor prognostic factor; however, the mechanism by which pleu-
ral effusion contributes to ILD-associated death is not known.
Recently, malignant pleural effusion has been associated with
shorter progression-free survival and overall survival in NSCLC pa-
tients treated with anti-PD-1 antibodies.!”"?! Taken together, the
presence of pleural effusion before treatment may be one of the
noteworthy factors when considering nivolumab as a therapeu-
tic candidate for NSCLC. The identification of abnormal change in
CRP levels as a poor prognostic factor may be related to its role
as a marker of inflammation. Aggravated inflammation may be re-
lated to the degree of lung injury. Of note, history of radiotherapy
to the chest area was not identified as a poor prognostic factor in
the current analysis.

Peritumoral-GGO may indicate an antitumor immune response
in patients with ILD. In the previously reported postmarketing study
of nivolumab-associated ILD in 144 patients with NSCLC or mela-
noma, the PR rate tended to be higher (52.2% vs 24.0%) and the ILD
mortality rate tended to be lower (4.3% vs 19.8%) in the peritumor-
al-GGO group (previously called peritumoral infiltration; n = 23) than
in the non-peritumoral-GGO group (n = 121).8 In the current anal-
ysis also, the PR rate tended to be higher (40.7% vs 33.5%) and the
ILD mortality rate tended to be lower (11.1% vs 16.3%) in patients
with peritumoral-GGO than in patients without peritumoral-GGO;
however, the differences between the two groups were less marked.
In this study, the proportion of patients with the DAD-like pattern
was lower in the peritumoral-GGO group (0%) than in the non-peri-
tumoral-GGO group (12.4%), and the lower response rate observed
in the non-peritumoral-GGO group may be a result of the higher
proportion of patients with the DAD-like pattern. The cause of the
uneven distribution of DAD-like pattern between the peritumor-
al-GGO groups is unknown.

In order to focus on nivolumab-associated ILD, patients who re-
ceived other drugs associated with ILD, such as EGFR TKls,?? were
excluded from the current analysis. In total, 29 patients were ex-
cluded because they had also received an EGFR TKI, including 22
patients who had received the third-generation EGFR TKI osimerti-
nib after the end of nivolumab treatment. ILD has been reported
in patients with NSCLC who received osimertinib after nivolumab

treatment,zs'24

and a PMS study of osimertinib treatment in Japan
identified prior nivolumab treatment as a potential factor associated
with ILD onset during osimertinib treatment in patients with EGFR
T790M-positive NSCLC.?

The main strength of this study was the evaluation of nivolum-
ab-associated ILD in a real-world setting, as opposed to a clinical trial
setting where patients with poor performance status or underlying
ILD are likely to be excluded. Other strengths included sufficiently
large sample size (>200 patients) to allow identification of risk fac-
tors contributing to a poor prognosis, and central evaluation of ILD
radiographic images by a committee with a high degree of expertise.
The main limitation was the postmarketing study design, which is

based on spontaneous reporting of chest images and clinical course
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by the treating physician, and therefore may not include all cases of
nivolumab-associated ILD occurring in patients with NSCLC during
the surveillance period. Additionally, tumor response was assessed
via chest imaging and clinical course and was not based on RECIST
guidelines.

In conclusion, the following were identified as risk factors for
a poor prognosis of nivolumab-associated ILD in patients with
NSCLC: a DAD-like radiographic pattern; onset of ILD <60 days
from the initial dose of nivolumab; pleural effusion present before
nivolumab treatment; abnormal opacities distributed contralateral
to the tumor or bilaterally; and abnormal change in CRP levels.
Given the potentially fatal outcome of ILD, all nivolumab-treated
patients should be carefully managed to prevent the development
or worsening of ILD.
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