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Background: The optimal chemotherapy regimen for non-small-cell lung cancer (NSCLC)
patients with interstitial lung disease (ILD) remains unknown. Therefore, in this study, we
investigated the real-world efficacy and safety of carboplatin (CBDCA) plus nab-paclitaxel
(nab-PTX) as a first-line regimen for NSCLC patients with ILD.

Patients and methods: We retrospectively reviewed advanced NSCLC patients with ILD
who had received CBDCA plus nab-PTX as a first-line chemotherapy regimen between April
2013 and March 2018. Patients were diagnosed with ILD based on the findings of a pretreatment
high-resolution computed tomography of the chest.

Results: The 34 patients enrolled in this study were included in the efficacy and safety analysis.
Collagen vascular disease or a history of exposure to dust or asbestos was not reported for any
patients. The median age of patients was 71 years (range, 59-83 years), and 32 patients had a
performance status of 0 or 1. The overall response rate was 38.2%. The median progression-free
survival and overall survival were 5.8 months and 12.7 months, respectively. Chemotherapy-
related acute exacerbation of ILD was observed in two patients (5.7%). Other toxicities were
feasible, and no treatment-related deaths occurred.

Conclusion: CBDCA plus nab-PTX, as a first-line chemotherapy regimen for NSCLC, showed
favorable efficacy and safety in patients with preexisting ILD.
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Introduction

Lung cancer is the leading cause of cancer mortality.! Preexisting interstitial lung
disease (ILD) is a risk factor associated with drug-related ILD.? The rate of compli-
cations of idiopathic pulmonary fibrosis (IPF) in lung cancer patients is 2%—8%.?
Chemotherapy-induced acute exacerbation of ILD (AE-ILD) can, at times, be fatal,
and occurs in 22.7% of non-small-cell lung cancer (NSCLC) patients with ILD.* As
ILD patients have been excluded from most clinical trials, the standard chemotherapy
used is unknown. Previous studies have evaluated the safety and efficacy of platinum
doublet chemotherapy in NSCLC patients with ILD,>'? indicating that median survival
time (MST) of NSCLC patients with ILD ranges from 7 to 16 months. A prospective
study has also demonstrated the performance of carboplatin (CBDCA) plus soluble-
paclitaxel (sol-PTX) in these patients.!* In Japan, CBDCA plus sol-PTX has therefore
been considered an option for the treatment of NSCLC patients with ILD in clinical
practice.
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Nab-paclitaxel (nab-PTX), with a mean particle size of
130 nm, was developed to improve the therapeutic index
of paclitaxel. Compared to sol-PTX, nab-PTX has demon-
strated a 10-fold higher mean concentration (C _ ) of free
PTX in serum.'” In a Phase III study (CA031 study), nab-
PTX plus CBDCA vs sol-PTX plus CBDCA administered
weekly resulted in a significantly higher overall response
rate (ORR; primary end point; 33% vs 25%, P=0.005) and
showed an improved safety profile in chemo-naive patients
with advanced NSCLC.'®

Based on the information presented above, this retrospec-
tive real-world study was performed to determine whether
the combination of nab-PTX and CBDCA is an effective
and feasible treatment option for patients with advanced
NSCLC and ILD.

Patients and methods

Patient selection

To meet the eligibility criteria for this retrospective cohort
study, patients must have had NSCLC (proven via histologi-
cal or cytological examination), stage IV or I1IB disease (as
defined by the Union for International Cancer Control TNM
classification, seventh edition), a clinical diagnosis of ILD,
and an Eastern Cooperative Oncology Group (ECOG) per-
formance status between 0 and 3, and should have received
combination chemotherapy with nab-PTX plus CBDCA as
first-line treatment at Kitasato University Hospital between
April 2013 and March 2018. In addition, target lesions
measurable via chest radiography, high-resolution computed
tomography (CT) of the chest and abdomen, or by other pro-
cedures such as magnetic resonance imaging (MRI) of the
head, positron emission tomography (PET), or combined PET/
CT imaging were also required for inclusivity. Patients with
insufficient organ function could not receive the combination
of nab-PTX and CBDCA in the present study. The classifica-
tion of ILD was reviewed by two experienced observers (AT
and NN). The subtype of ILD was estimated following the
guidelines for management of incidental pulmonary nod-
ules (from the Fleischner Society, 2017) detected in the CT
images.!” This study was approved by the institutional ethics
review board of the Kitasato University Hospital. Informed
consent was waived because of the retrospective nature of the
study. The patient data were maintained with confidentiality,
in compliance with the Declaration of Helsinki.

Treatment
Patients were administered 100 mg/m? nab-PTX on days 1,
8, and 15, and CBDCA was administered every 4 weeks on

day 1 (area under the curve [AUC]). The treatment protocol
stated that 50 ug/m*day or 2 pg/kg/day recombinant human
granulocyte colony-stimulating factor (G-CSF) should be
used in accordance with the national health insurance cover-
age of Japan. Indications of G-CSF administration were as
follows: 1) body temperature over 37.5°C with a neutrophil
count of <1,000/mm?, 2) a neutrophil count of 500/mm?,
and 3) a neutrophil count of 500/mm?* before completing
the same chemotherapy that resulted in a neutrophil count of
<1,000/mm?. Treatment was discontinued owing to disease
progression, unacceptable toxicity such as AE-ILD, patient
refusal of further treatment, or a decision by the head doctor
to terminate treatment. The maximum number of cycles of
platinum doublet chemotherapy was limited to six.

Response evaluation

Lesions were evaluated using plain chest radiography, CT of
the chest and abdomen, PET or bone scintigraphy, and CT
or MRI of the cranium. To evaluate the tumors, CT imaging
of the chest and abdomen was performed every two cycles,
at the very least. PET or bone scintigraphy, as well as CT or
MRI of the cranium, was performed at 6-month intervals or
earlier if patients had significant tumor-associated symptoms.
Tumor control was assessed based on the Response Evalua-
tion Criteria in Solid Tumors guideline (version 1.1). The best
overall response and maximum tumor control were recorded
as the tumor response.

Toxicity assessment and dose

modification

Toxicity was graded according to the Common Terminology
Criteria for Adverse Events, version 4.0. At our institution,
a dose reduction was performed when there was a grade
4 neutropenia lasting >4 days, febrile neutropenia, grade
4 thrombocytopenia, grade =3 peripheral neuropathy, and
grade 4 non-hematologic adverse events (AEs). If any of the
above events occurred, the doses of CBDCA and nab-PTX
were reduced to a target AUC of 5 mg/min/mL and 75 mg/
m?, respectively, in subsequent cycles. Patients received sup-
portive care as required. Prior to starting the treatment regi-
men and on day 1, patients were required to have an absolute
neutrophil count of >1,500/mm?, a platelet count of>100,000/
mm?, and a grade <2 peripheral neuropathy. On days 8 and
15, patients were required to have an absolute neutrophil
count of >1,000/mm?, a platelet count of >50,000/mm?, and
a grade <2 peripheral neuropathy. AE-ILD was confirmed if
the following criteria were met: 1) exacerbation of dyspnea
within 1 month, 2) newly developed diffuse pulmonary
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opacity, and 3) absence of heart failure and infectious lung
disease, as previously described.!®!

Statistical analysis

Progression-free survival (PFS) was defined as the interval
between the date of starting first-line chemotherapy and the
day of disease progression or patient death. Overall survival
(OS) was defined as the interval between the date of start-
ing first-line chemotherapy and the day of patient death or
patient’s last follow-up. Survival curves were plotted using
the Kaplan—Meier method. Statistical analysis was performed
using the SPSS software program, version 23.0 (IBM Corp.,
Armonk, NY, USA), for Windows.

Results

Patient characteristics

The 34 patients who satisfied the criteria for this retrospective
cohort study were included in the efficacy and safety analysis.
The patients’ demographic data are shown in Table 1. The
median age of the patients was reported as 71 years (range,
59-83 years). Thirty-three patients (97%) were current smok-
ers, and 32 (94%) had an ECOG performance status of 0 or
1. The histological subtypes of cancer were squamous cell
carcinoma (n=16), adenocarcinoma (n=12), and unspecified

Table | Patient characteristics

Total N=34 (%)

Age (years), median (range) 71 (59-83)
Gender

Male 29 (85)

Female 5(15)
Performance status

01 32 (94)

2-3 2 (6)
Smoking status

Current smoker 33(97)

Never or former light smoker 1 (3)
Histology

Squamous carcinoma 16 (47)

Adenocarcinoma 12 (35)

Not otherwise specified 6 (18)
Stage

A 2 (6)

1B 2 (6)

IV or recurrence 30 (88)
Type of IP, n (%)

UIp 16 (47)

Probable UIP 11 (32)

Alternative UIP 6 (18)

Indeterminate UIP 1(3)
Number of cycles, median (range) 1 (1-4)

carcinoma (n=6). The subtype of ILD was typical usual
interstitial pneumonia (UIP) pattern in 16 patients (45%),
probable UIP in 11 patients (34%), alternative UIP in six
patients (18%), and indeterminate UIP in one patient (3%).
No patient had collagen vascular disease or a history of
exposure to dust or asbestos. ILD was therefore diagnosed in
all patients as idiopathic interstitial pneumonia. The median
number of the treatment cycles was 4 (range, 1-4 cycles).

Response and survival data

A partial response was observed in 13 patients, stable disease
in 12 patients, and progressive disease in eight patients, and
the response was not evaluable in one patient. The ORR was
38.2% (95% CI: 22%—55%, Table 2). The median follow-up
time was 10.4 months, and the median PFS and OS for all
patients were 5.8 (95% CI: 2.2-8.9) months and 12.7 (95%
CI: 8.9—-14.2) months, respectively (Figure 1). There was no
significant difference in PFS between squamous lung cancer
group and non-squamous lung cancer group (5.8 months vs
5.7 months, P=0.81). There was also no significant difference
in OS between them (12.7 months vs 10.0 months, P=0.78).
There was no significant difference in PFS between UIP/
probable UIP group and alternative UIP/indeterminate UIP
group (5.8 months vs 3.7 months, P=0.49). There was also
no significant difference in OS between them (13.2 months
vs 11.6 months, P=0.75). Of the 34 patients who had dis-
ease progression after the administration of nab-PTX plus
CBDCA, 17 patients received second-line chemotherapy with
8 patients, 4 patients, 2 patients, 2 patients and one patient
receiving S-1, docetaxel, pemetrexed, pembrolizumab, and
nivolumab, respectively. OS of those patients from the start of
first-line chemotherapy was 15.6 (95% CI: 5.6—18.7) months.

Toxicity

The chemotherapy-related AEs are summarized in Table 3;
the most common AEs were hematological toxicities such
as neutropenia and leukopenia. A grade >3 neutropenia

Table 2 Tumor response to chemotherapy with CBDCA plus
weekly nab-PTX

Total N=34
Complete response 0
Partial response 13
Stable disease 12
Progressive disease 8

Response not evaluable |
Response rate, % (95% Cl) 38.2 (21.9-54.5)
Disease control rate, % (95% Cl) 73.5 (58.7-88.3)

Abbreviations: IP, interstitial pneumonia; UIP, usual interstitial pneumonia.

Abbreviations: CBDCA, carboplatin; nab-PTX, nab-paclitaxel.
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Figure | Kaplan—Meier plots of survival: progression-free survival (A) and overall survival (B).

Abbreviations: OS, overall survival; PFS, progression-free survival.

Table 3 Treatment-related adverse events

Grade

<2 3 4 23 (%)
Leukopenia 8 9 2 36.7
Neutropenia I 6 7 433
Thrombocytopenia 12 0 0 0
Anemia 10 2 0 6.7
Febrile neutropenia - 4 2 20
Nausea 3 0 - 0
Anorexia 3 | 0 3.3
Constipation 6 0 0 0
Fatigue 4 3 = 10
Peripheral neuropathy 7 | | 6.7
Mucositis 2 | 0 33
AST/ALT 5 0 0 0
Creatinine 3 0 0 0
Hyperglycemia 5 0 0 0
Uric acid 3 0 0 0
Hyponatremia 4 | 0 33

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

and leukopenia occurred in 43.3% and 36.7% of patients,
respectively. Febrile neutropenia occurred in six patients
(20%), while peripheral neuropathy occurred in 6.7% of
patients. A first-line chemotherapy-related AE-ILD of grade
2 was observed in two patients. The subtype of the existing
ILD before chemotherapy was reported as typical UIP pat-
tern in both patients, and no subsequent chemotherapy was

administered to these patients. Treatment-related death was
not observed. Among the 34 patients, seven received five of
AUC values of the CBDCA and 75 mg/m? of nab-PTX doses
(among the seven patients, AUC was reduced once more
to 4.5 in five patients). In the first cycle of chemotherapy,
nab-PTX was discontinued on days 15 and 8 in 10 and two
patients, respectively. Among the 17 patients who received
second-line chemotherapy, AE-ILD was observed in two
(11.7%): one on pemetrexed and the other on docetaxel. The
subtype of the existing ILD was typical UIP pattern in both
patients, and no subsequent chemotherapy was administered
to them.

Discussion

The optimal chemotherapy regimen for NSCLC patients
with preexisting ILD remains unclear owing to the lack of
randomized trials. A Japanese prospective Phase II study that
evaluated the safety and efficacy of CBDCA plus weekly
paclitaxel for advanced NSCLC with ILD (n=18) showed that
the MST of patients was 10.6 months.* The results of a Phase
[T trial (CA013) revealed the significantly high response rate
of CBDCA plus nab-PTX compared to CBDCA plus sol-PTX
in advanced NSCLC patients without ILD.'® In Japan, com-
bination chemotherapy with CBDCA plus weekly nab-PTX
has been conventionally used for advanced NSCLC patients
with preexisting ILD in clinical practice. Based on the results
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of our study, we confirmed that CBDCA plus nab-PTX can
be an effective option for the first-line treatment of NSCLC
patients with preexisting ILD. It is important to emphasize
that the number of objective patients in our study was the
largest compared to any study that has evaluated CBDCA plus
weekly nab-PTX as a treatment option for NSCLC patients
with preexisting ILD.?*2

Although immune checkpoint inhibitors such as
nivolumab and pembrolizumab (programmed death 1 [PD-
1] inhibitors) have proven to be beneficial in patients with
NSCLC in two Phase III trials, the incidence of drug-induced
ILD is higher in patients treated with PD-1 inhibitors than
in those treated with cytotoxic drugs (5% in the nivolumab
group vs 0% in the docetaxel group, 5.8% in the pembroli-
zumab group vs 0.7% in the platinum-based chemotherapy
group).?*?* In contrast, chemotherapy-induced ILD was not
observed when CBDCA was administered with a weekly nab-
PTX in the CA031 study.'® A previous study reported that the
incidence of severe nivolumab-related pneumonitis was 19%
and 5% in patients with ILD and without ILD, respectively.?
This suggests that the incidence of pneumonitis associated
with nivolumab may be higher than that with CBDCA plus
weekly nab-PTX; it is also observed to be more frequent in
patients with preexisting ILD. These findings indicate that
chemotherapy regimens including nab-PTX may be reason-
able for NSCLC patients with preexisting ILD compared
to the use of immune checkpoint inhibitors. Several studies
based on CBDCA plus weekly nab-PTX or CBDCA plus
sol-PTX have evaluated its safety and efficacy for NSCLC
patients with preexisting ILD (Table 4). These studies
indicated that the incidence of drug-related AE-ILD was
0%—12%, and response rate, PFS, and OS were 27%—72%,
5.1-7.2 months, and 8.1-16.1 months, respectively. There-
fore, it is reasonable to imply that the results of our study are
comparable to those of the previously mentioned studies in

terms of incidence of AE-ILD and clinical efficacy. While
febrile neutropenia occurred in six patients (20%) indicating
the higher incidence than that of CA0321 trial,'® the incidence
of peripheral neuropathy and grade =3 neutropenia, anemia,
and thrombocytopenia was consistent with the outcomes of
the CA031 trial.'* While the association between preexisting
ILD and the onset of febrile neutropenia under the administra-
tion of CBDCA plus weekly nab-PTX was not clear, appro-
priate prophylaxis of neutropenia by the administration of
G-CSF can prevent febrile neutropenia in this patient cohort.

Kenmotsu et al reported that the incidence of AE-ILD
was significantly higher in lung cancer patients with the UIP
pattern than in those without the UIP pattern.?® The subtype
of ILD in two patients having AE-ILD in our study had the
typical UIP pattern, thus corresponding with the previously
mentioned study. Another finding in our study was that among
the 17 patients who received second-line chemotherapy, AE-
ILD was observed in 11.7% of these patients. Kenmotsu et al
reported that AE-ILD occurred in 30% of NSCLC patients
with preexisting ILD who received subsequent chemotherapy
after platinum-based chemotherapy.!! The results of our study
suggest that AE-ILD should be scrutinized during the second-
line chemotherapy of NSCLC patients with preexisting ILD.
Meanwhile, Imai et al reported that post-progression survival
after first-line chemotherapy has a greater effect on OS in
patients with lung cancer.?”?® This suggests that a successful
subsequent chemotherapy after first-line therapy may affect
the OS of NSCLC patients with ILD.

There were several limitations in our retrospective study.
The results obtained cannot be considered definitive owing
to the study’s retrospective, single-centered design and the
relatively small sample size used. However, it is important to
note that the number of patients included in this study was the
largest of all studies that have evaluated CBDCA plus nab-PTX
in this setting. The diagnosis of ILD was based on CT findings

Table 4 Summary of the previous reports on platinum doublet regimens for NSCLC patients with ILD, including the present study

Regimen N Study design AE-ILD Response PFS os
rate (months) (months)
CBDCA + weekly PTX* 18 Prospective 1 (5.6%) 61% 5.3 10.6
CBDCA + weekly PTX? 15 Retrospective 4 (27%) 31% 25 7.0
CBDCA + PTX I Retrospective 1 (9%) 27% 43 9.7
CBDCA + PTX + BEV® 10 0 (0%) 40% 5.3 16.1
CBDCA + PTX + BEV’ 25 Retrospective 3 (12%) 72% 72 8.5
CBDCA + nab-PTX® 12 Retrospective 1 (8.3%) 66.7% 5.1 14.9
CBDCA + nab-PTX? 8 Retrospective 0 (0%) 57% 5.6 8.1
CBDCA + nab-PTX (present study) 34 Retrospective 2 (6.3%) 38.2% 5.8 12.7

Abbreviations: AE-ILD, acute exacerbation of interstitial lung disease; BEV, bevacizumab; CBDCA, carboplatin; ILD, interstitial lung disease; nab-PTX, nab-paclitaxel;
NSCLC, non-small-cell lung cancer; OS, overall survival; PFS, progression-free survival; PTX, paclitaxel.
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instead of a histological diagnosis, which also serves as a limi-
tation of our study. Likewise, the diagnosis of the exacerbation
of ILD was based on CT findings and we could not confirm
the exacerbation of ILD via histological analysis. A consensus
statement of the American Thoracic Society/European Respi-
ratory Society indicates the criteria for the clinical diagnosis
of IPF according to CT findings.?’ Furthermore, studies using
high-resolution CT scanning to diagnose ILD have reported
sensitivities of 43%—78% and specificities of 90%-97% for
confirmed radiological diagnosis.*** Therefore, we consider
that it is appropriate to diagnose the subtype and exacerbation
of ILD via clinical and radiological findings in clinical practice.
In conclusion, CBDCA plus nab-PTX showed favorable
efficacy and safety as a first-line chemotherapy for NSCLC
patients with preexisting ILD. Further assessment in a large
prospective study is warranted to confirm these findings.
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