Tsuneyoshi et al. BMC Pulmonary Medicine ~ (2023) 23:242 BMC Pulmona ry Medicine
https://doi.org/10.1186/512890-023-02536-y

Clinical significance of high monocyte counts ==
for the continuous treatment with nintedanib
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Abstract

Background Nintedanib is now widely used to treat interstitial lung disease (ILD). Adverse events, which occur in not
a few patients, make it difficult to continue nintedanib treatment, but the risk factors for adverse events are not well
understood.

Methods In this retrospective cohort study, we enrolled 111 patients with ILDs treated with nintedanib and
investigated the factors involved in starting dosage reduction, withdrawal, or discontinuation within 12 months, even
with appropriate symptomatic treatment. We also examined the efficacy of nintedanib in reducing the frequency of
acute exacerbations and the prevention of pulmonary function reduction.

Results Patients with high monocyte counts (>0.454 x 10%/L) had a significantly higher frequency of treatment
failure, such as dosage reduction, withdrawal, or discontinuation. High monocyte count was as significant a risk factor
as body surface area (BSA). Regarding efficacy, there was no difference in the frequency of acute exacerbations or the
amount of decline in pulmonary function within 12 months between the normal (300 mg) and reduced (200 mg)
starting dosage groups.

Conclusion Our study results indicate that patients with higher monocyte counts (>0.454 x 109/L) should very
careful about side effects with regard to nintedanib administration. Like BSA, a higher monocyte count is considered
a risk factor for nintedanib treatment failure. There was no difference in FVC decline and frequency of acute
exacerbations between the starting doseage of nintedanib, 300 mg and 200 mg. Considering the risk of withdrawal
periods and discontinuation, a reduced starting dosage may be acceptable in the patients with higher monocyte
counts or small body sizes.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a disease of
unknown cause characterized by chronic and progres-
sive fibrosis. IPF has a histopathologic UIP pattern and
is rapidly progressive disease with a poor prognosis.
The pathogenesis of IPF is not fully understood; how-
ever, recent reports have demonstrated the efficacy of
the antifibrotic agents nintedanib and pirfenidone [1,
2]. Similarly, systemic sclerosis (SSc) is known to cause
lung fibrosis. The clinical course of patients with sclero-
sis varies, and approximately 50% of them have intersti-
tial lung disease (ILD) [3]. SSc-ILD has a histopathologic
fibrotic nonspecific interstitial pneumonia(NSIP) pat-
tern, and some cases show fibrosis progression, although
more slowly than IPF. Recently, it has been reported that
patients with ILDs (excluding IPF) may have a common
form of progressive fibrosis [4] and the concept of pro-
gressive fibrosing ILD (PF-ILD) has been established.
PF-ILDs include idiopathic nonspecific interstitial pneu-
monia, hypersensitivity pneumonitis, connective tissue
disease-associated ILD, sarcoidosis, and so on. PF-ILD,
as well as IPF, has been shown to have a poor prognosis
[5]. In patients with any ILD that presents with chronic
progressive fibrosis, prevention of acute exacerbations
and decline in pulmonary function is important for dis-
ease control, prognosis, and maintenance of the patient’s
quality of life. In addition, the relationship between high
monocyte counts and poor prognosis in IPF has been
reported in recent years and has attracted much atten-
tion [6, 7]. Nintedanib is a tyrosine kinase inhibitor that
exerts inhibitory activity against the platelet-derived
growth factor receptor, fibroblast growth factor receptor,
and vascular endothelial growth factor receptor, thereby
inhibiting fibrosis progression. Therefore, it is used as an
antifibrotic agent in the treatment of many ILDs. Previ-
ous clinical trials have shown its efficacy in IPF, SS-asso-
ciated ILD (SSc-ILD), and PF-ILD [1, 8, 9].

While nintedanib is used for the treatment of various
ILDs, it causes adverse events in 71-82% of cases. The
most frequent adverse events are gastrointestinal symp-
toms, liver disorders, and thrombocytopenia [1, 8—11].
Previous reports have shown that a low body surface area
(BSA) is associated with nintedanib dosage reduction and
discontinuation [12]. Moreover, a tendency for gastroin-
testinal symptoms and hepatotoxicity has been reported
in smaller patients and in the normal starting dosage
group,[8, 9, 13-16], but this has not been fully explored.
In current real-world practice, the starting dosage is
sometimes reduced. The trials of nintedanib included
mainly Western patients, and the dosage may be too high
for a small Japanese physique.

Symptomatic treatments for adverse events caused by
nintedanib have also been established. Although drug
withdrawal may occur due to adverse events, patients

Page 2 of 9

are at risk of acute exacerbations during the withdrawal
period. We believe that continued and stable nintedanib
administration is beneficial for ILD control. In this study,
we aimed to investigate the tolerability and efficacy of
nintedanib in real-world situations, where the nintedanib
starting dosage was reduced and various symptomatic
treatments were administered. We also analyzed factors
that influence nintedanib administration by analyzing the
patients’ backgrounds and found that a high monocyte
count had a negative impact on the continuation of nint-
edanib administration.

Materials and methods

Study participants

This was a retrospective cohort study. We collected the
clinical information of all patients who started nintedanib
at Kurume University Hospital between September 2015
and September 2020. The IPF diagnosis was based on
the official ATS/ERS/JRS/ALAT guidelines [17, 18]. PF-
ILD was diagnosed based on the diagnostic criteria of the
INBUILD study [19]. SSc-ILD had characteristic high-
resolution computed tomography findings [20] and was
diagnosed as SSc according to the 2013 classification cri-
teria [21]. SSc-ILD that met the criteria for PF-ILD was
considered SSc-ILD in this study. Clinical and laboratory
data such as age, sex, smoking history, height, weight,
body mass index (BMI), BSA, performance status, modi-
fied Medical Research Council Dyspnea Scale (mMRC)
score, hematological findings, and pulmonary function
test findings were retrieved from medical records.

Evaluation of adverse events and efficacy of nintedanib
We examined the risk of adverse events that occur despite
appropriate symptomatic treatment. We investigated the
occurrence of adverse events within 12 months, requiring
a change in the way nintedanib was administered, such
as dosage reduction, withdrawal, or discontinuation. The
appropriate symptomatic treatment was metoclopramide
and domperidone for nausea, and probiotics, loperamide,
and albumin tannate for diarrhea. Pulmonary function
tests were performed before starting nintedanib and at
12 months after starting treatment. In the present study,
in addition to patients who were started on nintedanib at
300 mg as usual, some patients were started on a reduced
doseage of 200 mg. We compared the treatment starting
dosage between the normal starting dosage group and
the reduced starting dosage group. Efficacy was evalu-
ated based on changes in pulmonary function tests at 12
months and the occurrence of acute exacerbations within
12 months.

Statistical analysis
Unless mentioned otherwise, numerical values are pre-
sented as medians (25-75% interquartile ranges). The
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statistical significance of differences between the two
study groups was analyzed using Wilcoxon’s rank-sum
test or Fisher’s exact test. Multivariate analysis was per-
formed using logistic regression analysis with reference
to univariate results and factors were extracted using
forward-backward stepwise procedure. Receiver oper-
ating characteristic (ROC) curve cut-off values were

Table 1 Patient background in all patients and by nintedanib
starting doseage

Total 300 mg 200 mg P-value
(n=111) (n=83) (n=28)
Age (years) 70 (66-75) 69 (66-74) 73 (66-78) 0.1014
Male, n (%) 80 (72.1) 69 (83.1) 11(39.3) <0.0001
IPF/PF-ILD/SSc-ILD 59/35/17  44/28/11  15/7/6 0.4966
Smoking (pack-years) 40 40 20 0.0330
(20.0-57.6) (22.0-64.0) (6.3-47.5)
BMI (kg/m?) 229 232 217 0.0534
(206-25.2) (21.1-252) (19.9-24.5)
BSA (m?) 162 1.64 148 0.0002
(1.51-1.72) (1.55-1.74) (1.42-1.64)
Albumin (g/dL) 387 390 381 1.0000
(3.59-4.10) (3.60-4.10) (3.50-4.18)
C-reactive protein 0.28 0.24 0.29 0.8532
(mg/dL) (0.10-0.59) (0.10-0.67) (0.13-0.52)
KL-6 (U/mL) 943 953 893 0.8232
(633-1463) (641-1334) (617-1742)
White blood cell 7400 7400 7.300 04530
count (x10°/L) (6.000-  (5900-  (6.050-
9.700) 9.200) 10.712)
Monocyte count 0451 0466 0409 0.7652
x10%0) (0352-  (0350-  (0.365-
0.600) 0.600) 0.585)
mMRC score* 1.62+1.05 147+£011 207+0.19 0.0099
FVC (L) 218 234 1.72 0.0068
(1.61-2.86) (1.78-2.92) (1.38-2.52)
%FVC (%) 704 71.0 67.8 0.4538
(57.1-87.4) (59.7-87.4) (55.8-88.2)
%DLco (%) 56.3 564 56.0 0.9647
(44.8-73.7) (46.0-725) (44.1-77.5)
FVCdecline peryear  —125 —-150 -20 0.1361
(mL) (—323- (—=330- (=290~
+20) -20) +100)
FVCdecline peryear —5.2 -55 -09 03311
(%) (-152-  (=149- (=170~
+0.7) -0.7) +4.6)
%DLco decline per -79 -7.8 -9.7 0.3846
year (%) (—13.0- (—11.8- (—18.1-
-2.7) -2.6) -37)
Acute Ex, n (%) 11(9.9) 10(12.1) 1(3.6) 0.2824
Adverse events with 66 (59.5) 55(66.3) 11(39.3) 0.0150

medication change,
n (%)

*The mMRC scores are presented as mean valueststandard deviations

IPF, Idiopathic pulmonary fibrosis; PF-ILD, progressive fibrosing interstitial lung
disease; SSc-ILD, systemic sclerosis with interstitial lung disease, %DLco, percent
predicted diffusing capacity of the lung for carbon monoxide; %FVC, percent
predicted FVC; Acute Ex, acute exacerbation; BMI, body mass index; BSA, body
surface area; FVC, forced vital capacity; KL-6, Krebs von den Lungen-6; mMRC,
modified Medical Research Council Dyspnea Scale
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determined using the Youden Index. Statistical signifi-
cance was defined as P<0.05. All statistical analyses were
performed using JMP Pro version 16.0 (SAS Institute,
Cary, NC, USA).

Results

Patient characteristics

The current study enrolled 111 patients with ILD includ-
ing IPF, SSc-ILD, or PE-ILD. Within 12 months, a defined
adverse event occurred in 66 patients of which 47
reduced the dosage, 33 withdrew, and 21 discontinued
the drug. Adverse events included diarrhea in 37 cases,
nausea and anorexia in 20 cases, hepatotoxicity in 21
cases, and gastrointestinal hemorrhage in 2 cases.

The backgrounds of all patients (80 men and 31 women;
median age 70 years [66—75]; 76 smokers) and of patients
by nintedanib induction dosage are shown in Table 1. The
diagnoses were IPF in 76 patients, SSc-ILD in 17 patients,
and PF-ILD in 18 patients. Patients with PF-ILD included
six cases of fibrotic hypersensitivity pneumonitis, five
cases of connective tissue disease, one case of pleuropa-
renchymal fibroelastosis and six cases of unclassifiable
ILD. The median BMI was 22.9 kg/m? (20.6-25.2), and
the median BSA was 1.62 m® (1.51-1.72). Blood bio-
chemical tests showed serum albumin of 3.87 g/dL (3.59—
4.10), lactate dehydrogenase of 223 U/L (195-248), Krebs
von den Lungen-6 (KL-6) of 943 U/mL (633-1463),
and surfactant protein-D of 218 ng/mL (120-368). The
median forced vital capacity (FVC), percent predicted
EVC (%FVC), and percent predicted diffusing capacity
of the lung for carbon monoxide (%DLco) were 2.18 L
(1.61-2.86), 70.4% (57.1-87.4), and 56.3% (44.8-73.7),
respectively. Due to dyspnea and severe cough, 2 and
33 patients were unable to perform FVC measurements
at start and at 12 months, respectively. Due to severe
cough, hypoxemia, and reduced FVC, 19 and 59 patients
could not undergo DLco measurements at start and at
12 months, respectively. No one had a history of obvious
drug-induced lung injury or severe drug allergy.

Comparison of normal and reduced dosage starting
groups

The reduced and normal starting dosage groups com-
prised 28 and 83 patients, respectively. The reduced
starting dosage group had significantly more female par-
ticipants (60.7% vs. 16.9%, P<0.0001), fewer cigarette
pack-years (20 pack-years vs. 40 pack-years, P=0.0330),
lower BSA values (1.48 m? vs. 1.64 m?, P=0.0002), higher
mMRC scores (1.47 vs. 2.07, P=0.0099), and significantly
fewer changes in the dosage of nintedanib administration
(39.3% vs. 66.3%, P=0.0150) than the normal starting
dosage group. However, no statistically significant differ-
ences were found in the multivariate analysis.
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The median FVC decline per year was —20 mL (—290-
+100) in the reduced starting dosage group and —150
mL (-330-—-20) in the normal starting dosage group.
The average FVC decline per year was —91.6 mL (—266—
+42.8) in the reduced starting dosage group and —177.6
mL (-254—+101; Fig. 1) in the normal starting dosage
group, with no significant between-group difference
(P=0.1361). The reduction in %DLco per year was —9.7%
(—18.1--3.7) in the reduced starting dosage group and
—7.8% (—11.8——2.6) in the normal starting dosage group,
which was not significantly different between the two
groups (P=0.3846).

Adverse events requiring changes in dosage regimen
within 12 months

We performed a comparison between the group of 66
patients who experienced adverse events with nint-
edanib and the rest of the patients (Table 2). Adverse
events occurred significant higher in patients with
high BMI (23.2 kg/m? vs. 22.1 kg/m? P=0.0332), high
BSA (1.63 m? vs. 1.56 m? P=0.0471), high monocyte
count (0.454x10°/L vs. 0.410x10°/L, P=0.0178), and
in the normal starting dosage group (83.3% vs. 62.2%,
P=0.0150). There were no significant differences in age,
serum albumin level, and liver or renal function.

200mg(n=19)

50

-91.6ml

-200
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The results of the multivariate analysis are presented
in Table 3. The univariate analysis using logistic regres-
sion analysis showed significant differences in high BMI
(23.2 kg/m? vs. 22.1 kg/m? P=0.0258), high C-reactive
protein (CRP) (0.28 mg/dL vs. 0.28 mg/dL, P=0.313),
high Monocyte count (0.454x10°/L vs. 0.410x10%/L,
P=0.0131), and in the normal starting dosage group
(83.3% vs. 62.2%, P=0.0125). Multivariate analysis
showed higher odds ratios of adverse events with ninte-
danib in the high monocyte count. In contrast, BMI, CRP
and starting dosage were not correlated with adverse
events during nintedanib treatment in the multivariate
analysis.

We conducted subset analysis in CTD-ILD, but there
was no significant difference in the incidence of adverse
events with high monocyte counts in CTD-ILD.

Monocyte count cut-off values according to ROC curves

The ROC curves for the determination of cut-off val-
ues for monocyte counts predicting the occurrence of
adverse events with nintedanib are shown in Fig. 2. The
area under the curve (AUC) for monocyte counts was
0.63 (95% confidence interval, 0.53—0.74). The cut-off
value with maximum sensitivity and specificity was
0.454x 10%/L (sensitivity, 0.59; specificity, 0.64). The AUC

300mg(n=59)

P=0.1361

-177.6ml

-250

(95%CI, -266 — 42.8)

-300

(95%CI, -254 —-101)

Fig. 1 Decline in forced vital capacity (FVC) within one year by starting dosage. The average annual FVC reduction by starting dosage is shown. The
reduced starting dosage group had an FVC reduction of —91.6 mL (- 266—+42.8), and the normal starting dosage group had a reduction of —177.6 mL

(=254-+101). No significant difference was found (P=0.1361)
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Table 2 Adverse events requiring changes in dosage regimen,
such as dosage reduction, withdrawal, or discontinuation within
one year

Total With Without  P-value
Adverse  Adverse
Event Event
(n=111) (n=66) (n=45)
Age (years) 70 (66-75) 70 71 (65-75) 0.7499
(66-75.3)
Male, n (%) 80 (72.1) 50 (75.8) 30 (66.7) 0.3890
IPF/PF-ILD/SSc-ILD 59/35/17  38/17/11 21/18/6 03120
Dosage reduction 47 47 0
Dosage withdrawal 33 33 0
Dosage 21 21 0
discontinuation
Smoking (pack-years) 40 40 (20-60) 40 0.9446
(20-57.6) (19.3-56.8)
BMI (kg/m?) 229 232 22.1 0.0332
(20.6-25.2) (21.3-25.7) (19.7-245)
BSA (m?) 1.62 1.63 1.56 0.0471
(151-1.72) (1.56-1.73) (1.46-1.69)
Albumin 3.87 3.83 3.90 0.2898
(3.59-4.10) (3.52-4.10) (3.61-4.11)
C-reactive protein 0.28 0.28 0.28 0.2382
(mg/dL) (0.10-0.59) (0.10-0.77) (0.08-0.50)
KL-6 (U/mL) 943 922 993 0.3663
(633-1463) (626-1342) (645-1694)
White blood cell 7400 7.550 6.800 0.2170
count (x10%/L) (6.000- (6.375- (5.550-
9.700) 9.725) 9.725)
Monocyte count 0451 0492 0410 0.0178
x10%/L) (0.352- (0.385- (0397~
0.600) 0.630) 0.557)
mMRC score* 162+1.05 158+0.16 1.65+0.13 0.8867
FVC 218 218 2.25 0.8073
(1.61-2.86) (1.69-2.89) (1.54-2.85)
%FVC 704 704 704 0.7645
(57.1-874) (55.4-87.6) (59.3-83.5)
%DLco 56.3 558 61.8 0.3962
(44.8-73.7) (46.6-714) (444-76.9)
Starting dosage 83 (74.8) 55(83.3) 28(62.2) 0.0150

300 mg (%)
*The mMRC scores are presented as mean valueststandard deviations

IPF, Idiopathic pulmonary fibrosis; PF-ILD, progressive fibrosing interstitial
lung disease; SSc-ILD, systemic sclerosis with interstitial lung disease, %DLco,
percent predicted diffusing capacity of the lung for carbon monoxide; %FVC,
percent predicted FVC; AE, adverse events; BMI, body mass index; BSA, body
surface area; FVC, forced vital capacity; KL-6, Krebs von den Lungen-6; mMRC,
modified Medical Research Council Dyspnea Scale

value for monocyte count was almost comparable with
that for BSA, which has been reported to be associated
with the occurrence of nintedanib-associated adverse
events.

Acute exacerbation within 12 months

We also analyzed acute exacerbations while on medica-
tion within 12 months of starting nintedanib adminis-
tration (Table 4). Eleven patients presented with acute
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exacerbations within 12 months. Male sex (100% vs. 69%,
P=0.0324), low serum albumin concentrations (3.30 g/
dL vs. 3.90 g/dL, P=0.0030), and high mMRC scores
(2.63 vs. 1.51, P=0.0009) were significantly more com-
mon in patients who developed an acute exacerbation.
The gender, age, and lung physiology (GAP) stage (3.36
vs. 2.53, P=0.0052) also showed a significantly increased
risk of acute exacerbation. Moreover, the present study
showed a significant difference in low pulmonary func-
tion, defined as %FVC<50% or %DLco<40% (55.6% vs.
22.0%, P=0.0400). However, no statistical significance
was found in the multivariate analysis.

Discussion

In the current study, we observed more adverse events
requiring a change in dosage regimen within 12 months
of nintedanib treatment start in patients with high initial
monocyte counts. A monocyte count>0.454x 10°/L was
suggested as a risk factor for adverse events in patients
treated with nintedanib. Recently, an increased monocyte
count has been reported to be associated with IPF pro-
gression, hospital admission, and the risk of death [6] and
as a predictor of poor prognosis [7, 22]. However, there
were no previous reports on monocyte counts and ninte-
danib-associated adverse events. This is the first report to
show that increased monocyte counts may be involved in
the development of adverse events associated with nint-
edanib. We suspect that the inability to administer nint-
edanib on schedule due to adverse events may be a risk
for poor prognosis.

In previous reports, low BSA was associated with dos-
age reduction and discontinuation of nintedanib [12].
Our study also analyzed BSA (Fig. 1). The AUC for BSA
was similar to that for a high initial monocyte count.
Like BSA, a high monocyte count at the treatment start
may be a marker for changes in nintedanib medication.
Furthermore, measuring monocyte counts is simple, less
labor-intensive, and cost-effective. Therefore, we con-
sider that monocyte counts is one of the good marker for
predicting adverse nintedanib events like BSA. But the
mechanism underlying high monocyte counts and nint-
edanib-associated adverse events remains unknown. This
will be the subject of future research.

It has also been reported that, in Japanese patients,
starting nintedanib at a normal dosage is associated
with more adverse events [13—16]. This may be because
Japanese people are approximately 30% lighter in body
weight than Westerners [23]. Reduced disease progres-
sion has been reported in patients with long-term nint-
edanib treatment [10]. It should not be overlooked that
in previous clinical trials, adverse events leading to
nintedanib discontinuation occurred in approximately
20% of patients [1, 8, 9]. In clinical practice, 37.5% of
patients cannot or are unwilling to restart nintedanib
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Table 3 Logistic regression analysis with forward-backward procedure for adverse event

Total With Adverse Without Adverse P-value(univariate) Odds P-
Event Event 95% Cl  value(multiple)
(n=111) (n=66) (n=45)
Age (years) 70 (66-75) 70 (66-75.3) 71 (65-75) 0.4957
Male, n (%) 80 (72.1) 50 (75.8) 30 (66.7) 0.2968
Smoking (pack-years) 40 (20-57.6) 40 (20-60) 40 (19.3-56.8) 0.6358
BMI (kg/mz) 229 (206 25.2) 23.2(21.3-25.7) 22.1(19.7-24.5) 0.0258 N/A
BSA (m?) 162 (1.51-1.72) 1.63 (1.56-1.73) 1.56 (1.46-1.69) 0.0975
Albumin 3.87 (3.59— 410) 3.83(3.52-4.10) 390 (3.61-4.11) 0.1893
C-reactive protein (mg/dL) 0.28 (0.10-0.59) 0.28 (0.10-0.77) 0.28 (0.08-0.50) 0.0313 N/A
KL-6 (U/mL) 943 (633-1463) 922 (626-1342) 993 (645-1694) 04863
White blood cell count (x10%/L) 7400 7.550 6.800 0.5316
(6.000-9.700) (6.375-9.725) (5.550-9.725)
Monocyte count (x10°/L) 0451 0492 0410 0.0131 1.002 0.0131
(0.352-0.600) (0.385-0.630) (0.397-0.557) (1.005-
1.005)
mMRC score* 1.62+1.05 1.58+0.16 1.65+0.13 0.7157
FVC 2.18 (1.61-2.86) 2.18 (1.69-2.89) 2.25(1.54-2.85) 0.8472
%FVC 704 (57.1-87.4) 704 (55.4-87.6) 704 (59.3-83.5) 0.5954
%DLco 56.3 (44.8-73.7) 55.8 (46.6-714) 61.8 (44.4-76.9) 0.2675
Starting dosage 300 mg (%) 83 (74.8) 55(83.3) 28 (62.2) 0.0125 N/A
Acute exacerbation 11(9.9%) 5(7.6%) 6(133%) 0.3237

*The mMRC scores are presented as mean valueststandard deviations

%DLco, percent predicted diffusing capacity of the lung for carbon monoxide; %FVC, percent predicted FVC; AE, adverse events; BMI, body mass index; BSA, body
surface area; FVC, forced vital capacity; KL-6, Krebs von den Lungen-6; mMRC, modified Medical Research Council Dyspnea Scale

after treatment discontinuation [13]. We consider that
treatment without adverse events not only improves
continuation rates but also contributes to patient adher-
ence. Therefore, it is important to reduce the number of
adverse events. Based on previous reports,[8, 9, 13-16]
the number of patients starting treatment with a reduced
dosage of 200 mg has increased recently.

In agreement with previous reports, the reduced start-
ing dosage group in our study population had signifi-
cantly more female patients and a lower BSA. A previous
report suggested a starting dosage reduction with a BSA
cut-off of 1.58 m2! Our findings suggest a BSA cut-off
value of 1.59 m? to reduce adverse events resulting in
changes in medication. For smaller Japanese, a reduction
in the nintedanib starting dosage could be a good option.

In the present results, there were no significant differ-
ences by starting dosage in adverse events that caused
a change in dosage in the multivariate analysis. These
results may suggest that there is little need to reduce the
starting doseage. However, there is no significant differ-
ence in efficacy for FVC decline or frequency of acute
exacerbations, and dosage reduction may be beneficial in
patients at high risk for adverse events, with high mono-
cyte counts or lower BSA patients reported in previous
reports.

In the current study, the efficacy measures covered
the incidence of acute exacerbations and a decline in
pulmonary function volume during the 12 months of

treatment. The incidence of acute exacerbations was
not significantly difference between the normal starting
dosage group and the reduced starting dosage group. A
high monocyte count has been reported as a risk factor
for acute ILD exacerbations [24]. However, our study
did not find any significant difference. The incidence of
acute exacerbation did not reach statistical significance;
however, the rate of acute exacerbations was lower in the
reduced starting dosage group (3.6% vs. 12.1%). This was
expected due to the lack of statistical power caused by
the small number of cases with acute exacerbations.

The reduction of pulmonary function within 12 months
was not significantly different between the normal start-
ing dosage group and the reduced starting dosage group.
Our study included patients with a low BSA in the nor-
mal starting dosage group. Therefore, the normal start-
ing dosage group may have had more withdrawals and
discontinuations, which may have reduced the medica-
tion effect. These results were similar to those of a similar
report that found no significant difference in FVC change
6 months after nintedanib introduction between the
reduced starting dosage group and the normal starting
dosage group [25].

The current study has some limitations. This study had
a retrospective single-center design, and the small num-
ber of patients was a limitation of this study. In particular,
few patients had acute exacerbations. A larger prospec-
tive study is needed to confirm the results of this study.
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Fig. 2 Receiver operating characteristic (ROC) curve analysis to determine the cut-off values for monocyte count and body surface area (BSA). The blue
and red lines show the monocyte count and BSA, respectively. The area under the curve (AUC) for monocyte count was 0.63 (0.53-0.74), with a sensitivity
of 0.59 and a specificity of 0.64. The cut-off value was 0.454 x 109/L. The AUC for BSA was 0.61 (0.50-0.72), with a sensitivity of 0.70 and specificity of 0.58.
The cut-off value was 1.59 m” The AUC value of the monocyte count are almost equal to that of the BSA. The cut-off value was determined as the value

at which the Youden index was greatest

Other limitation is that the study period was short, pre-
venting the assessment of long-term safety and efficacy.
In addition, this study included patients with different
diseases, IPF, SSc-ILD, and PF-ILD. Furthermore, the
diagnosis of adverse events is made only by the patient’s
attending doctor.

Conclusion

Our findings suggest that high initial monocyte counts
is a risk factor for adverse events that require medica-
tion changes for nintedanib. BSA has been previously
reported and considered useful in predicting adverse
events, but this study showed that high monocyte counts
are also useful in predicting the risk of adverse events.
High monocyte counts are a poor prognostic factor in
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Table 4 Acute exacerbation while on nintedanib medication
within one year

Total With Without P-
AcuteEx  AcuteEx  value

(n=111) (n=11) (n=100)

Age (years) 69 (66-74) 70 70 0.8279

(66-75.3) (66-75.8)

Male, n (%) 80 (72.1) 11 (100) 69 (69) 0.0324

IPF/PF-ILD/SSc-ILD 59/35/17 7/4/0 52/31/17 03828

Smoking (pack-years) 40 40 (20-60) 40 0.7599
(18.5-82.8) (20-58.5)

BMI (kg/m?) 229 234 227 09214
(206-252) (20.3-248) (20.6-25.3)

BSA (m?) 1.62 1.68 1.61 0.1582
(151-172)  (1.60-1.72) (1.50-1.72)

Albumin 3.87 33 3.9(3.7-4.1) 0.0030
(3.59-4.10) (3.27-3.76)

C-reactive protein 0.28 0.56 0.24 0.0986

(mg/dL) (0.10-0.59) (0.16-0.89) (0.10-0.56)

KL-6 (U/mL) 943 1379 908 0.0552
(633-1463) (946-1919) (624-1361)

White blood cell 7400 8.400 7.200 0.0924

count (x10%/L) (6.000- (6.800- (5.900-
9.700) 11.200) 9475)

Monocyte count 0451 0.581 0.449 0.7612

(x10%/L) (0.352— (0.296- (0.358-
0.600) 0.694) 0.580)

mMRC score* 162+1.05 263+030 151+0.10 0.0009

FVC 218 2.31 218 09517
(1.61-2.86) (1.59-2.69) (1.60-2.88)

%FVC 704 70.2 705 03137
(57.1-874) (47.1-774) (59.2-87.7)

%DLco 56.3 45.6 573 0.0667
(44.8-73.7) (37-55.8) (46.6-74.7)

Low pulmonary func- 27 (24.5) 5(55.6) 22 (22) 0.0400

tion, n (%)

GAP stage* 261+096 336+£028 253+0.09 0.0052

Starting dosage 83 (74.8) 10(90.1) 73 (73.0) 0.3137

300 mg (%)

*The mMRC scores and GAP stages are presented as mean valueststandard
deviations

IPF, Idiopathic pulmonary fibrosis; PF-ILD, progressive fibrosing interstitial
lung disease; SSc-ILD, systemic sclerosis with interstitial lung disease, %DLco,
percent predicted diffusing capacity of the lung for carbon monoxide; %FVC,
percent predicted FVC; Acute Ex, acute exacerbation; BMI, body mass index;
BSA, body surface area; FVC, forced vital capacity; GAP stage, gender, age, and
lung physiology stage; KL-6, Krebs von den Lungen-6; mMRC, modified Medical
Research Council Dyspnea Scale

Low pulmonary function was defined as %FVC<50% or %DLco <40%.

ILD and may be related to the tolerability of nintedanib
when the counts are elevated above 0.454x10°/L. There
were no statistically significant differences in efficacy
between the two starting dosage groups with regard to
FVC decline and frequency of acute exacerbations. How-
ever, previous reports have reported differences in the
frequency of adverse events not limited to changes in
dosing regimen. Therefore, in patients with high mono-
cyte counts, reducing the starting doseage of nintedanib
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may facilitate long-term administration of nintedanib
and improve prognosis.
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%FVC Percent predicted FVC
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