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Abstract

Background: Acute exacerbation of interstitial lung disease (AE-ILD) is the most serious complication in lung
cancer patients with pre-existing ILD receiving chemotherapy. The role of vascular endothelial growth factor (VEGF)
in pathogenesis of AE-ILD is conflicting. The influence of bevacizumab (Bev), a monoclonal antibody against VEGF,
on lung cancer patients with pre-existing ILD remains unclear. We examined the effect of Bev on reducing AE-ILD
risk in non-squamous non-small cell lung cancer (NSCLC) patients receiving chemotherapy.

Methods: We analysed incidence of AE-ILD and outcomes of 48 patients with advanced non-squamous NSCLC
with ILD who received first-line chemotherapy with (Bev group, n = 17) and without (non-Bev group, n = 31) Bev
between July 2011 and July 2016. Gray’s test, which was competing risk analysis during the study period, was
performed for both groups.

Results: The most common regimen used for first-line chemotherapy was the combination of carboplatin plus
pemetrexed (PEM) in both groups. The incidences of chemotherapy-related AE-ILD 120 days after first-line
chemotherapy initiation were significantly lower in the Bev than in the non-Bev groups (0% vs. 22.6%, p = 0.037,
Gray’s test). However, there were no differences in development of progressive disease of lung cancer and other
events as the competing risk factors of AE-ILD between the two groups. Only patients receiving PEM-containing
regimens also showed a significant difference in the incidence of AE-ILD between the two groups (p = 0.044). The
overall-cumulative incidence of AE-ILD during the first-line and subsequent chemotherapy was 29.2% (14 of the 48).
The median progression-free survival was significantly longer in the Bev than in the non-Bev groups (8.0 vs. 4.3
months, p = 0.026).

Conclusions: The addition of Bev to chemotherapy regimens may reduce the risk of chemotherapy-related AE-ILD
in patients with lung cancer.

Keywords: Non-small cell lung cancer, Interstitial lung disease, Acute exacerbation, Bevacizumab, Vascular
endothelial growth factor
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Background
Interstitial lung disease (ILD), particularly idiopathic pul-
monary fibrosis (IPF), is a frequent comorbidity in pa-
tients with lung cancer [1, 2]. It poses a major
impediment to the treatment of lung cancer, because
chemotherapy-related acute exacerbation of ILD
(AE-ILD) occurs in 5.6–43% of patients and leads to
death in 27.9% [3–5]. Kudoh et al. [3] also reported that
pre-existing ILD is a strong risk factor for AE-ILD in pa-
tients with non-small cell lung cancer (NSCLC; odds ra-
tio, 4.80–25.27) compared with those without ILD. In
clinical practice, lung cancer patients with pre-existing
ILD have been treated carefully with cytotoxic chemo-
therapy. However, there is no established standard regi-
men for patients with lung cancer with ILD in view of
the risk of AE.
The mechanism of AE-ILD including IPF remains

to be elucidated. Previous studies in AE-IPF have
demonstrated that several pathophysiologies, including
epithelial damage and immunogenic dysregulation,
were activated [6]. Recently, vascular endothelial
growth factor (VEGF) has been thought to have an
important role in pathogenesis of AE-IPF [7]. In the
lung, VEGF is produced mainly in epithelial cells,
whereas endothelial cells are considered its major tar-
get. Expression of VEGF is associated with angiogen-
esis and positive remodelling of damaged tissues;
however, it also increases vascular permeability and
pulmonary oedema, resulting in acute lung injury [8,
9]. Increasing levels of plasma VEGF in acute respira-
tory distress syndrome (ARDS) are associated with a
worse outcome [10], and in animal models, inhibition
of VEGF using a soluble receptor to VEGF reduces
bleomycin-induced lung injury and fibrosis [11]. In
contrast, other studies from animal models as well as
patients with ARDS have shown that decreased levels
of VEGF in the lung, which are attributed to diffuse
alveolar damage, are related rather to a worse outcome
[12, 13]. Therefore, VEGF is assumed to have dual roles in
lung injury and fibrosis. Furthermore, Barratt et al. [14] re-
ported that an imbalance of VEGF splice isoforms is crit-
ical for development of pulmonary fibrosis. However, the
influence of inhibiting function of VEGF on AE-ILD has
not been fully examined.
We focused on patients with advanced non-squamous

NSCLC with pre-existing ILD who received bevacizu-
mab (Bev), a monoclonal antibody targeting VEGF. We
hypothesised that chemotherapy regimens containing
Bev might reduce the incidence of AE-ILD by inhibiting
function of VEGF. We conducted a multicentre retro-
spective study to validate this hypothesis and whether
Bev-containing regimens can constitute novel candidate
chemotherapy in patients with non-squamous NSCLC
and ILD.

Methods
Patients
We reviewed retrospectively medical records of patients
with non-squamous NSCLC and pre-existing ILD who
received chemotherapy at Kumamoto University Hos-
pital and the three affiliated hospitals: Kumamoto Chuo
Hospital, Kumamoto Regional Medical Center, Mina-
mata City General Hospital and Medical Center, between
July 2011 and July 2016. The ethics review boards ap-
proved the access of medical records. The study subjects
were registered consecutively according to the following
inclusion criteria: histological or cytological confirmation
of advanced non-squamous NSCLC, diagnosis of ILD,
no prior chemotherapy, age ≤ 75 years, Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS)
0–3 and sufficient organ function for the chemotherapy.
Patients who had received definitive thoracic irradiation;
had received antifibrotic agents, such as pirfenidone and
nintedanib and had pre-existing histories of AE-ILD
were excluded from the study. We enrolled 67 patients
in this study and extracted two groups according to a se-
lection flowchart (Fig. 1); that is, patients who received
first-line chemotherapy regimens combined with (Bev
group) and without (non-Bev group) Bev. Written in-
formed consent for treatment with chemotherapy was
obtained from all patients. This study protocol was ap-
proved by the institutional review board of Kumamoto
University Hospital (approval number: 1448).

Definition of ILD and AE-ILD
Pre-existing ILD was diagnosed according to clinical fea-
tures and pretreatment chest high-resolution computed
tomography (HRCT) findings. All patients underwent
HRCT according to standard clinical practice, and the
presence of ILD was evaluated by two pulmonologists
(SH and HI). ILD, including idiopathic interstitial pneu-
monias (IIPs) and connective tissue disease-associated
interstitial pneumonia (CTD-IP), was diagnosed when
the criteria of ground-glass attenuation, consolidation
and reticulation shadow in both lung fields were met.
Patients with IIPs, including IPF, were diagnosed accord-
ing to the international consensus classification of the
American Thoracic Society/European Respiratory Soci-
ety (ATS/ERS) [15]. CTD-IP, including rheumatoid arth-
ritis, was diagnosed based on established criteria [16].
Based on an official ATS/ERS/JRS/ALAT clinical practice
guideline [17], CT findings of pre-existing ILD in our
study were classified into two groups: usual interstitial
pneumonia (UIP) and non-UIP. The UIP pattern is sub-
pleural and basal predominant; the distribution is often
heterogeneous, with honeycombing with or without per-
ipheral traction bronchiectasis. The non-UIP pattern in-
cluded probable UIP pattern, indeterminate for the UIP
pattern, and an alternative diagnosis pattern.
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Chemotherapy-related AE-ILD was defined as worsen-
ing of dyspnoea within 30 days, newly developed bilateral
ground-glass abnormality and/or consolidation superim-
posed on pretreatment interstitial shadows during
chemotherapy, no evidence of pulmonary infection and
exclusion of alternative causes, including left heart fail-
ure, and pulmonary embolism [18].

Outcomes
The primary endpoint for comparing the Bev and
non-Bev groups was the cumulative incidence of
AE-ILD in the observation period. Because 46 of the 48
cases received less than or equal to four cycles of
first-line chemotherapy, the observation period was de-
fined as the time from the day of initiating first-line
chemotherapy (day 1) to day 120 or from day 1 to the
day at discontinued chemotherapy due to the following
events: cancer progression or death by any cause which-
ever occurred first or adverse events including AE-ILD.
Secondary endpoints were progression-free survival
(PFS), calculated as the period from day 1 to the date of
disease progression or death by any cause, and overall
survival (OS), calculated as the period from day 1 to the
date of death by any cause. Patients withdrawn from
study without documented progression were censored at
the date of last disease assessment. The response to
chemotherapy was assessed according to the Response
Evaluation Criteria in Solid Tumors version 1.1.

Data collection and statistical analysis
All clinical and laboratory data were collected from pa-
tients’ medical records. Spirometry was performed ac-
cording to the ATS/ERS consensus guidelines [19]. The
JRS reference values of pulmonary function were used to
evaluate the percentage of predicted (% predicted) values

[20]. Continuous variables are expressed as median
(interquartile range [IQR], 25–75%).
This is a retrospective cohort study. To ascertain a

normal distribution of variables, Shapiro–Wilk’s test was
performed. For univariate analysis, Wilcoxon rank sum
tests were used. For categorical variables, Fisher’s exact
test was performed. Cumulative incidence analysis
(Gray’s test) was performed to verify whether Bev was
able to prevent AE-ILD during first-line chemotherapy
considering progressive disease (PD) of lung cancer, in-
cluding cancer-specific death or other events, such as
serious adverse events without AE-ILD as competing
risks [21]. The log-rank test was used to compare PFD
or OS of the two groups in Kaplan–Meier plots. All ana-
lyses were performed using R version 3.3.2 (The R Foun-
dation for Statistical Computing, Vienna, Austria), with
p < 0.05 indicating statistical significance.

Results
Patient characteristics
Of 67 patients enrolled in this study, 17 were assigned
to the Bev group. Of the remaining 50 patients in the
non-Bev group, 19 were excluded because they received
different first-line chemotherapy regimens from those in
the Bev group, such as docetaxel, nab-paclitaxel (PTX),
vinorelbine and S-1. The remaining 31 patients consti-
tuted the non-Bev group (Fig. 1).
Baseline characteristics are summarised in Table 1.

Median age at the time of first-line chemotherapy was
67.5 years (IQR, 65.0–73.0), and median ECOG PS was 1
(range, 0–3). Six of the 48 patients were never smokers.
Stage III and IV diseases were observed in 9 (18.7%) and
39 (81.3%) patients, respectively. The most predominant
diagnosis of pre-existing ILD was IIPs (93.7%), and all
remaining patients had CTD-IP. With regard to the

Patients with non-squamous NSCLC and pre-existing ILD
who received chemotherapy

n = 67 

Non-Bev group, n = 31 

Combined with Bev 
at first-line chemotherapy 

n = 17

CDDP + PEM
CBDCA + PEM
PEM
CBDCA + PTX

Bev group, n = 17 

Excluded group, n = 19
DTX
nab-PTX
VNR
S-1

CDDP + PEM
CBDCA + PEM
PEM
CBDCA + PTX

with Bev

Without Bev 
at first-line chemotherapy

n = 50

without Bev

Fig. 1 Inclusion and exclusion flow diagram. NSCLC, non-small cell cancer; ILD, interstitial lung disease; Bev, bevacizumab; CDDP, cisplatin; PEM,
pemetrexed; CBDCA, carboplatin; PTX, paclitaxel; DTX, docetaxel; VNR, vinorelbine
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HRCT findings of ILD, half of the patients had a UIP
pattern while the remainder had a non-UIP pattern. The
median KL-6 level was elevated, but parameters of re-
spiratory functions, including percent predicted forced
vital capacity and percutaneous oxygen saturation
(SpO2) at rest, were maintained. There were no signifi-
cant differences between the Bev and non-Bev groups
except for the proportion of sex.

First-line chemotherapy regimens and incidence of AE of
pre-existing ILD
First-line chemotherapy regimens are shown in Table 1.
There were no significant differences in the regimens,

excluding Bev treatment, between the two groups (p =
0.96). The most common regimen used for first-line
chemotherapy was the combination of carboplatin
(CBDCA) plus pemetrexed (PEM) in both groups.
PEM-containing regimens were administered to 15
(88.2%) and 25 (80.6%) patients in the Bev and non-Bev
groups, respectively. The cumulative incidences of
AE-ILD at day 120 after first-line chemotherapy were
0% (0 of the 17 patients) and 22.6% (7 of the 31) in the
Bev and non-Bev groups, respectively (Tables 1 and 2).
In our study, the events of chemotherapy-related
AE-ILD are affected by competing risk factors, which
are associated with the cessation of chemotherapy as the

Table 1 Patient characteristics

All (n = 48) Bev group (n = 17) Non-Bev group (n = 31) p value

Age (years) 67.5 (65.0–73.0) 67.0 (66.0–73.0) 68.0 (66.5–73.0) 0.75

Sex (male, %) 40 (83.3) 17 (100) 23 (74.2) 0.038

Smoking status 0.08

Current or former 42 (87.5) 17 (100) 25 (80.6)

Never 6 (12.5) 0 (0) 6 (19.4)

Previous steroid therapy 6 (12.5) 2 (11.8) 4 (12.9) 1.00

ECOG PS 0.37

0–1 40 (83.3) 13 (76.5) 27 (87.1)

≥2 8 (16.7) 4 (23.5) 4 (12.9)

Stage 1.00

III 9 (18.7) 3 (17.6) 6 (19.4)

IV 39 (81.3) 14 (82.4) 25 (80.6)

Classification of ILD 1.00

IIPs 45 (93.7) 16 (94.1) 29 (93.5)

Non-IIPs 3 (6.3) 1 (5.9) 2 (6.5)

ILD pattern 1.00

UIP pattern 24 (50.0) 9 (52.9) 15 (48.4)

Non-UIP pattern 24 (50.0) 8 (47.1) 16 (51.6)

SpO2 at rest (%) 96.0 (96.0–97.0) 96.0 (95.0–97.0) 96.0 (96.0–97.0) 0.43

FVC (% predicted) 88.5 (79.5–100) 87.5 (78.5–99.5) 90.0 (81.0–100) 0.85

LDH (U/L) 220.0 (194.8–254.0) 228.0 (205.0–253.0) 211.0 (194.5–252.5) 0.48

KL-6 (U/ml) 800.0 (518.5–1190.0) 828.5 (591.0–1311.0) 778.0 (454.0–1120.0) 0.27

CRP (mg/dl) 0.9 (0.3–2.0) 0.9 (0.7–2.3) 0.9 (0.2–1.2) 0.44

First-line regiments 0.96

CDDP + PEM 11 (22.9) 4 (23.5) 7 (22.6)

CBDCA + PEM 25 (52.1) 10 (58.8) 15 (48.3)

PEM 4 (8.3) 1 (5.9) 3 (9.7)

CBDCA + PTX 8 (16.7) 2 (11.8) 6 (19.4)

PEM-containing regiments 40 (83.3) 15 (88.2) 25 (80.6) 0.69

First-line related AE-ILD 7 (14.5) 0 (0) 7 (22.6) 0.041

Data are expressed as group median (interquartile range) or number of patients (%). The p values refer to comparisons between the Bev and non-Bev groups.
ECOG PS Eastern Cooperative Oncology Group performance status, ILD interstitial lung disease, IIPs idiopathic interstitial pneumonias, UIP usual interstitial
pneumonia, FVC forced vital capacity, SpO2 percutaneous oxygen saturation, LDH lactate dehydrogenase, KL-6 Krebs von den Lungen-6, CRP C-reactive protein,
CDDP cisplatin, PEM pemetrexed, CBDCA carboplatin, PTX paclitaxel, AE-ILD acute exacerbation of interstitial lung disease
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results of PD of lung cancer or other events, including
serious adverse events. Therefore, we defined three com-
peting risk events as follows: the cumulative incidence of
chemotherapy-related AE-ILD, PD of lung cancer and
other events. Gray’s test [21], which was competing risk
analysis during the study period, was performed for both

groups. There was a significant difference in AE-ILD be-
tween the two groups (Gray’s test, p = 0.037; Fig. 2a).
However, there were no differences in development of
PD of lung cancer and other events between the two
groups (Fig. 2b and c). Median time from associated
chemotherapy to AE was 61 days. Furthermore, in only
patients who received PEM-containing regimens, the in-
cidence of AE-ILD was 0% (0 of the 15) and 24.0% (6 of
the 25) in the Bev and non-Bev groups, respectively
(Table 2). There also was a significant difference in the
incidence of AE-ILD between the two groups (Gray’s
test, p = 0.044, Additional file 1: Figure S1).

Risk factors of chemotherapy-related AE of ILD
Next, we compared clinical parameters between 7 patients
with and 41 without AE-ILD during first-line chemother-
apy to evaluate risk factors of AE-ILD. Patient age (p =
0.019) and administration of Bev (p = 0.041) were signifi-
cant (Table 3). Although we would like to verify hazard ra-
tios of Bev for AE-ILD, the administration of Bev

Table 2 Frequency of first-line chemotherapeutic regimens and
incidence of AE-ILD during first-line chemotherapy

Bev group (n = 17) Non-Bev group (n = 31)

Regimens N Incidence of AE N Incidence of AE

CDDP + PEM 4 0 7 1

CBDCA + PEM 10 0 15 4

PEM 1 0 3 1

CBDCA + PTX 2 0 6 1

Total treatments 17 0 31 7

PEM-containing regimens 15 0 25 6

Data are expressed as number of patients. AE-ILD acute exacerbation of
interstitial lung disease, CDDP cisplatin, PEM pemetrexed, CBDCA carboplatin,
PTX paclitaxel

A

C

B

Fig. 2 Cumulative incidence curves of three competing risk events during first-line chemotherapy. a AE-ILD, (b) PD of lung cancer and (c) other
events without AE-ILD. There was a significant difference in occurrence of AE-ILD between the Bev (dotted line) and non-Bev (solid line) groups
(p = 0.037, Gray’s test). AE-ILD, acute exacerbation of interstitial lung disease; PD, progressive disease
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inhibited AE-ILD completely during first-line chemother-
apy, so that the hazard ratio was not obtained.
We also examined the cumulative incidence of AE-ILD

during subsequent chemotherapy beyond first-line
chemotherapy. In the Bev group, 15 of the 17 pa-
tients (88.2%) received subsequent chemotherapy,
and 2 (13.3%) had AE-ILD, compared with 24 of 31
(77.4%) and 5 (20.8%) patients, respectively, in the
non-Bev group (Table 4). Consequently, the
overall-cumulative incidence of AE-ILD in all of our
patients was 29.2% (14 of the 48). All patients who
had AE-ILD were treated with high-dose corticoste-
roids, including methylprednisolone pulse therapy;
however, 9 of 14 died of respiratory failure associ-
ated with AE (Table 4).

Comparison of clinical outcomes
Kaplan–Meier comparisons of survival curves in the Bev
and non-Bev groups are shown in Fig. 3. Median PFS
was significantly longer in the Bev than in the non-Bev
groups (8.0 months; 95% confidence interval [CI], 3.7–
9.7 vs. 4.3 months; 95% CI, 3.2–5.6; p = 0.026; Fig. 3a).
Median OS was not significantly different between the
groups (not reached; 95% CI, 6.4–not reached in the Bev
group vs. 11.2 months; 95% CI, 6.6–not reached in the
non-Bev group; p = 0.500; Fig. 3b).

Discussion
To our knowledge, this is the first study to show the in-
hibitory effect of Bev, an antibody against VEGF, on
chemotherapy-related AE-ILD in patients with lung

Table 3 Comparison of the clinical factors between patients with and without AE-ILD
AE-ILD (−) (n = 41) AE-ILD (+) (n = 7) p value

Age (years) 69.0 (66.0–75.0) 65.0 (63.0–66.5) 0.019

Sex (male, %) 34 (82.9) 6 (85.7) 1.00

Smoking status 0.57

Current or former 35 (85.4) 7 (100)

Never 6 (14.6) 0 (0)

Previous steroid therapy 4 (9.8) 2 (28.6) 0.21

ECOG PS 0.59

0–1 33 (80.5) 7 (100)

≥2 8 (19.5) 0 (0)

Stage 1.00

III 8 (19.5) 1 (14.3)

IV 33 (80.5) 6 (85.7)

Classification of ILD 1.00

IIPs 38 (92.7) 7 (100)

Non-IIPs 3 (7.3) 0 (0)

ILD pattern 0.42

UIP pattern 22 (53.7) 2 (28.6)

Non-UIP pattern 19 (46.3) 5 (71.4)

SpO2 at rest (%) 96.0 (95.0–9.07) 96.0 (95.0–97.0) 0.82

FVC (% predicted) 89.0 (78.5–100) 82.0 (81.0–101.0) 0.74

LDH (U/L) 219.0 (194.0–253.0) 224.0 (202.5–257.5) 0.74

KL-6 (U/ml) 789.0 (530.2–1196.0) 893.0 (537.0–1048.0) 0.86

CRP (mg/dl) 0.9 (0.3–1.5) 0.9 (0.8–2.8) 0.58

First-line regimens 0.86

CDDP + PEM 10 (24.4) 1 (14.3)

CBDC + PEM 21 (51.2) 4 (57.1)

PEM 3 (7.3) 1 (14.3)

CBDCA + PTX 7 (17.1) 1 (14.3)

Bev-containing regimens 17 (41.5) 0 (0) 0.041

PEM-containing regimens 34 (82.9) 6 (85.7) 1.00

Data are expressed as group median (interquartile range) or number of patients (%). The p values refer to comparisons between patients with and without AE-ILD.
ECOG PS Eastern Cooperative Oncology Group performance status, ILD interstitial lung disease, IIPs idiopathic interstitial pneumonias, UIP usual interstitial
pneumonia, FVC forced vital capacity, SpO2 percutaneous oxygen saturation, LDH lactate dehydrogenase, KL-6 Krebs von den Lungen-6, CRP C-reactive protein,
CDDP cisplatin, PEM pemetrexed, CBDCA carboplatin, PTX paclitaxel
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cancer. The cumulative incidence of AE-ILD was signifi-
cantly lower in the Bev than in the non-Bev groups (p =
0.037). Only in cases receiving PEM-containing regi-
mens, there was also a significant difference between the
two groups (p = 0.044). Our study suggested that VEGF
inhibition might suppress the risk of chemotherapy-
related AE-ILD. Further, the administration of Bev in
first-line chemotherapy was associated with a signifi-
cantly longer median PFS (p = 0.026). Therefore,
first-line chemotherapy regimens containing Bev may be
safe and favourable for patients with non-squamous
NSCLC with pre-existing ILD.
The mechanism of the inhibitory effect of Bev on

chemotherapy-related AE-ILD remains unclear. VEGF, a
potent stimulator of angiogenesis and vascular

permeability, has an important role in lung diseases, in-
cluding fibrosis, injury and cancer [8, 22]. In patients
with ARDS, increasing levels of plasma VEGF are associ-
ated with a worse prognosis [10]. Treatment of VEGF
receptor inhibition, such as with nintedanib, is beneficial
for patients with IPF [23], and adsorptive removal of cir-
culating VEGF by polymyxin B haemoperfusion im-
proves pulmonary oxygenation in AE-IPF [24]. In
contrast, significant amounts of VEGF exist in the nor-
mal lung and are involved in lung maintenance and re-
pair after injury [9]. Downregulation of VEGF synthesis
has been observed in the lung of patients with ARDS
[12]. Taken together, the acts of VEGF are considered to
have pleiotropic properties. There also are conflicting re-
ports by assessing the biological effect of VEGF in

Table 4 Outcomes of 14 patients with AE-ILD after chemotherapy
No. Treatment line Associated regimens Onset of AE (days from chemotherapy) Outcome Survival time (days from onset of AE)

Non-Bev group 1 First CDDP + PEM 79 Recover 125

2 First CBDCA + PEM 110 Dead 87

3 First CBDCA + PEM 5 Recovered 125

4 First CBDCA + PEM 59 Dead 77

5 First CBDCA + PEM 45 Dead 11

6 First CBDCA + PEM 54 Recovered 626

7 First CBDCA + PTX 87 Dead 36

8 Second DOC 169 Recovered 276

9 Second DOC 193 Recovered 522

10 Second S-1 120 Dead 5

11 Second DOC 426 Dead 4

12 Third DOC 372 Dead 67

Bev group 13 Second nab-PTX 156 Dead 34

14 Third DOC 386 Dead 17

AE acute exacerbation, Bev bevacizumab, CDDP cisplatin, PEM pemetrexed, CBDCA carboplatin, PTX paclitaxel, DOC docetaxel, nab-PTX nab-paclitaxel,
VNR vinorelbine

A B

Fig. 3 Kaplan–Meier comparisons in the Bev and non-Bev groups. a Progression-free survival (PFS). b Overall survival (OS). Crosses denote
censoring events. There was a significant difference in median PFS between the Bev (dotted line) and non-Bev (solid line) groups (p = 0.026). NR.,
not reached
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experimental animal models. The inhibition of VEGF at-
tenuated bleomycin-induced lung fibrosis [25, 26],
whereas Murray et al. [27] reported the opposite results,
that is, that transgenic overexpression of VEGF attenu-
ated the lung injury and fibrosis. Recently, an interesting
study by Barratt et al. [14], in which differential expres-
sion of VEGF-A isoforms is critical in the developing
pulmonary fibrosis, has been reported. It generally is
known that Bev targets all isoforms of VEGF-A. The
precise role of VEGF in lung diseases, whether either
protective or detrimental, still is being debated. There-
fore, to elucidate the association of
chemotherapy-related AE-ILD and VEGF and the influ-
ence of administration of Bev in the coexistence of lung
cancer and ILD, further studies are required. Interest-
ingly, a prospective, randomized controlled study is cur-
rently ongoing in Japan for patients with NSCLC and
IPF to evaluate the efficacy and safety of chemotherapy
with or without nintedanib, which inhibits receptor tyro-
sine kinase signaling by VEGF, platelet-derived growth
factor, and fibroblast growth factors [28]. The goal of the
study is to demonstrate whether the nintedanib com-
bined chemotherapeutic regimens prolong the interval
to AE-IPF, and the results of this study are expected in
the future.
In clinical practice, patients with lung cancer with ILD

have been treated carefully with cytotoxic chemotherapy
agents, because the pre-existing ILDs have proved to be
significant risk factors for chemotherapy-related AE,
resulting in poor survival [1–3]. It has been known that
the incidence of AE-ILD during the whole chemotherapy
process was higher than during its natural course [29].
To date, one prospective study and a few retrospective
studies have demonstrated the validity of chemotherapy
for patients with NSCLC with ILD, allowing for the risk
of AE associated with chemotherapy [4, 5, 29]. Minegishi
et al. [4] reported that the combination of CBDCA and
PTX was effective and safe for patients with NSCLC
with IIPs in the prospective study. Similarly, Chen et al.
[29] also showed, by conducting systematic reviews and
meta-analyses in NSCLC with ILD, that the regimen of
CBDCA and PTX would not be related to higher inci-
dence of AE-ILD and could be used safely, even though
the limited number of studies and patients were avail-
able. In our study, 1 of the 6 patients received CBDCA
plus PTX without Bev and suffered AE. However, there
is still no widely accepted consensus on supporting an
optimal treatment strategy for the comorbidity of lung
cancer and ILD.
In our study, the combinations of CBDCA and PEM

with or without Bev were used most frequently as
first-line chemotherapy for NSCLC with ILD. AE-ILD
related to PEM-containing regimens without Bev as
first-line chemotherapy was observed in 24.0% (6 of the

25 patients), which was greater compared with the 5.5–
12% rates in previous studies and postmarketing surveil-
lance in Japan [30–32]. The reason for a higher inci-
dence of AE-ILD in our study is unclear, but this
difference may be attributed to small sample size, in-
cluding patients with ECOG PS 2–3, limited patients
with non-squamous NSCLC and the variation in thera-
peutic regimens. Although the interpretation of the re-
sults from our study is limited, even with the increased
risk of AE, the complication was significantly suppressed
by the addition of Bev. The significance of this suppres-
sion should be evaluated in the future.
We also evaluated the efficacy of Bev as the anticancer

drug. Several studies have shown that PFS is significantly
longer when Bev is administered to patients with ad-
vanced NSCLC without ILD [33, 34]. Two reports were
intended for patients with lung cancer with pre-existing
ILD receiving Bev [35, 36]. Shimizu et al. [35] examined
the safety and efficacy of CBDCA plus PTX with or
without Bev in patients with non-squamous NSCLC and
ILD. They reported that PFS and OS tended to be lon-
ger, but not significantly, in the Bev than in non-Bev
groups (PFS, 5.5 vs. 4.4 months; OS, 16.1 vs. 9.7 months),
although there was no significant difference in the inci-
dence of AE-ILD between CBDCA plus PTX with and
without Bev [35]. Another study showed that PFS and
OS of patients treated with CBDCA plus PTX with Bev
were 7.2 and 8.5 months, respectively, resulting in a 12%
incidence rate of AE-ILD [36]. Our result showed that
the Bev group, compared with the non-Bev group, was
associated with a longer median PFS (8.0 vs. 4.3 months,
p = 0.026), which was similar to results of the aforemen-
tioned reports. However, there are limitations in the in-
terpretation of these results because all of the above
studies including ours were not randomised, and the
combination of anticancer agents varied. Further studies
including randomised controlled trials are necessary to
evaluate the efficacy of Bev-containing regimens and the
optimal combination chemotherapy regimen to Bev in
patients with lung cancer with ILD.
This study has several limitations. First, this was a small,

retrospective and not a randomised controlled study, giv-
ing rise to selection bias. Second, diagnosis of ILD was
based on chest CT findings and not on histological find-
ings. Third, this study included only Japanese patients.
Some studies suggest racial differences in susceptibility to
chemotherapy-induced AE-ILD [3, 37]. Further studies
are needed to validate whether our results could apply
equally to other racial groups. Finally, each attending
physician from our institutes usually selects first-line che-
motherapeutic regimens based on NCCN Clinical Practice
Guidelines [38]. The addition of Bev to platinum based
chemotherapy is recommended, if possible. However,
there is insufficient evidence and no criteria to determine

Hamada et al. BMC Pulmonary Medicine           (2019) 19:72 Page 8 of 10



its use in patients with non-squamous NSCLC who have
ILD. Therefore, the decision regarding the choice of Bev
was made by the attending physicians in each case.

Conclusions
This preliminary study suggests that the inhibition of
VEGF with Bev might reduce the incidence of
chemotherapy-related AE-ILD, and first-line chemother-
apeutic regimens containing Bev could be optimal in pa-
tients with advanced non-squamous NSCLC with
pre-existing ILD. Further large-scale, randomised, con-
trolled studies are needed to confirm the inhibitory ef-
fect of Bev on chemotherapy-related AE-ILD and to
develop better therapeutic managements for patients
with lung cancer and pre-existing ILD.

Additional file

Additional file 1: Figure S1. Cumulative incidence curves of AE-ILD in
only patients who received PEM-containing regimens during first-line
chemotherapy. (PPTX 381 kb)
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