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Background: Pirfenidone is an anti-fibrotic agent used to treat patients with idiopathic
pulmonary fibrosis (IPF). Managing adverse drug events and ensuring compliance with
pirfenidone treatment for a prolonged period are important to reduce the rate of disease
progression. To maximize the benefits of pirfenidone treatment, we established and
evaluated an ambulatory care pharmacy practice, a model of pharmacist–physician
collaborative management, for patients receiving pirfenidone.

Methods: We conducted a retrospective chart review of 76 consecutive patients treated
with pirfenidone in the Kobe City Medical Center General Hospital, Japan, between
January 2012 and January 2019. The first group (61 patients) received pirfenidone
treatment as conventional management, whereas the second group (15 patients)
started pirfenidone based on collaborative pharmacist–physician management. The
drug discontinuation rate and time to drug discontinuation were compared between
the groups. To analyze factors associated with pirfenidone discontinuation, we used a
multivariate Cox regression analysis to evaluate the baseline characteristics of patients,
including those receiving the collaborative management. Clinical outcomes were
compared using a propensity score matched analysis.

Results: In the collaborative management group, pharmacists made 56 suggestions,
including suggestions for supportive care (51 suggestions), to the physicians. Among
these suggestions, 52 were accepted by the physicians. The discontinuation rates at 3
[6.7% (1/15) vs. 26.2% (16/61)] and 6 [9.1% (1/11) vs. 36.1% (22/61)] months were
lower in the collaborative management group than in the conventional management
group. Multivariate analysis revealed that collaborative management [hazard ratio (HR)
0.34, 95% CI 0.08–0.96, p � 0.041] and predicted baseline forced vital capacity <60%
(HR 2.13, 95% CI 1.17–3.85, p � 0.015) were significantly associated with pirfenidone
discontinuation. The time to drug discontinuation was also significantly longer in the
collaborative management group than in the conventional management group (p �
0.034, log-rank test). Propensity score matched analysis confirmed a significant
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correlation between collaborative management and drug discontinuation time (HR
0.20, 95% CI 0.03–0.84, p � 0.027).

Conclusions:We established an ambulatory care pharmacy practice for out-patients with
IPF receiving pirfenidone. The results suggest that collaborative management may help
prevent pirfenidone discontinuation compared with conventional management.

Keywords: idiopathic pulmonary fibrosis, pirfenidone, pharmacist, physician, collaborative management,
ambulatory care pharmacy practice

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF), the most common form
of idiopathic interstitial pneumonia (IIP), is a progressive lung
disease characterized by chronic refractory cough, shortness
of breath, and exercise limitation (Ley et al., 2011; Lederer and
Martinez, 2018). The prognosis of patients with IPF is poor,
with a median survival of 2–5 years after diagnosis (Ley et al.,
2011; Raghu et al., 2015; Homma et al., 2018; Lederer and
Martinez, 2018). Two anti-fibrotic agents, pirfenidone and
nintedanib, are currently approved for the treatment of IPF in
several countries (Raghu et al., 2015; Homma et al., 2018). The
clinical efficacy of pirfenidone in patients with IPF has been
confirmed in clinical trials in Japan (Azuma et al., 2005;
Taniguchi et al., 2010) and in multinational randomized
clinical trials (Noble et al., 2011; King et al., 2014).
Continuing pirfenidone for a prolonged period is important
to reduce the rate of disease progression. The most common
adverse drug events (ADEs) associated with pirfenidone are
gastrointestinal tract- and skin-related events (Lancaster et al.,
2016; Noble et al., 2016). The management of ADEs is
essential because these symptoms can lead to
discontinuation of pirfenidone treatment by patients
(Ogura et al., 2015; Hughes et al., 2016; Lancaster et al.,
2017; Cottin et al., 2018).

Studies have reported the usefulness of patient-centered,
multidisciplinary team care, which provides support,
education, and empowerment to patients with IPF
receiving pirfenidone (Duck et al., 2015; Ferrara et al.,
2018). We assembled a multidisciplinary IIP support team
comprising healthcare professionals, including physicians,
pharmacists, nurses, dietitians, physical therapists, and
social workers, to support patients with IIP. To support
the functions of this team, we established an ambulatory
care pharmacy practice to provide pharmacist–physician
collaborative management of out-patients with IPF
receiving anti-fibrotic therapy in September 2017. The
main purpose of the collaborative management was to
prevent early discontinuation of anti-fibrotic agents.
Therefore, pharmacists provided information to physicians
regarding appropriate prescriptions and education to
patients to minimize ADEs and enhance adherence to
anti-fibrotic agents. In the present study, we evaluated the
usefulness of this management system for patients receiving
pirfenidone.

MATERIALS AND METHODS
Establishing Pharmacist–Physician
Collaborative Management of Pirfenidone
Treatment for Out-Patients With Idiopathic
Pulmonary Fibrosis
We constructed a multidisciplinary IIP support team composed
of healthcare professionals, including physicians, pharmacists,
nurses, dietitians, physical therapists, and social workers, in the
Kobe City Medical Center General Hospital, Japan. Initially, we
prepared a patient education book, which helped to develop
consensus among the healthcare professionals regarding the
treatment and care of patients with IPF and to provide
education to patients. We then established an ambulatory care
pharmacy practice, comprising the pharmacist–physician
collaborative management of out-patients with IPF receiving
antithrombotic therapy, in September 2017. The objectives
were to provide information to physicians for appropriate
prescriptions and to patients to minimize ADEs and
drug–drug interactions, to enhance the adherence of patients
to treatment and maximize the effectiveness of anti-fibrotic
therapies.

A patient flow diagram, including the ambulatory care
pharmacy practice, is shown in Figure 1. When pirfenidone
was initially prescribed, the physician advised the patient to
visit the ambulatory care pharmacy practice after their clinical
examination. In the ambulatory drug consultation room, a
pharmacist educated the patients using the patient education
book as follows: 1) initial dosage and time of dose; 2) standard
titration schedule of pirfenidone; 3) symptoms and management
of pirfenidone-associated ADEs, such as gastrointestinal events
and photosensitivity; and 4) drug–drug interactions. The
pharmacist also queried the patient about concomitant
medications and supplements to avoid any drug–drug
interactions. At the second visit or later, the patient visited the
pharmacy service before being examination by the physician. The
pharmacist assessed: 1) any ADEs and their grade according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0; 2) whether the patient was able to
take the medication for ADEs appropriately; 3) changes in any
concomitant medications or supplements; and 4) adherence to
pirfenidone, which was determined by asking the patient how
many of the prescribed tablets remained. The pharmacist
repeatedly educated the patient about the management of
ADEs. The patient was allowed to ask the pharmacist any
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questions directly in the ambulatory care pharmacy practice or by
telephone. Per requirement, based on their assessment, the
pharmacist suggested prescriptions to the physician. The
patient then received the medication, including pirfenidone,
from the community pharmacies.

The ambulatory care pharmacy practice comprised three
clinical pharmacists who also provided clinical pharmacy
service for in-patients in clinical wards. Our pharmacy
practice was provided for all patients for the first 3 months
after the start of pirfenidone therapy. If the patients wished to
continue the service, they could visit the ambulatory care
pharmacy practice any time before being examined by a
physician. The ambulatory care pharmacy practice usually
required 20 min per outpatient for a face-to-face consultation
and an additional 5 min to enter the medical chart into an
electronic medical record system to share the patients’
information with the IPF support team.

Patients
We conducted a retrospective chart review of 76 consecutive
Japanese patients with IPF prescribed pirfenidone between
January 2015 and January 2019. All subjects received
pulmonary care in the Kobe City Medical Center General
Hospital, Japan. Pharmacist–physician collaborative
management of patients receiving pirfenidone treatment was
initiated in September 2017; thereafter, 15 consecutive patients
(the collaborative management group) were managed
collaboratively by physicians and pharmacists. From January
2015 to August 2017, 61 patients received conventional care
with pirfenidone (the conventional group). Patients aged at
least 20 years, diagnosed with pulmonary fibrosis by their
primary pulmonologist during routine clinical care, and
prescribed pirfenidone were included. One patient who
received perioperative pirfenidone only (Iwata et al., 2016) was
excluded. This study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved by
the Institutional Review Board of the Kobe City Medical Center
General Hospital (No. h190401).

In Japan, the approved dosage of pirfenidone is 1,800 mg/day
(Azuma et al., 2005; Homma et al., 2018). In accordance with the
package insert of pirfenidone in Japan, one 200 mg pirfenidone
tablet is administered orally three times a day (t.i.d.) after meals
for the first 2 weeks (600 mg/day), two tablets t.i.d. for the next
2 weeks (1,200 mg/day), and three tablets t.i.d. thereafter
(1,800 mg/day). Physicians adjusted the dose-escalation
schedule by observing each patient’s condition. In the
conventional care group, supportive care medicines, including
domperidone, metoclopramide, and mosapride, were prescribed
at the physicians’ discretion. In contrast, all patients in the
collaborative management group were prescribed domperidone
5 mg t.i.d. orally at the onset of pirfenidone therapy (Costabel
et al., 2014); the subsequent domperidone dose was prescribed at
the physicians’ discretion based on suggestions made by the
pharmacists.

Outcome Measures and Data Collection
The primary objective of this study was to evaluate the effect of
pharmacist–physician collaborative management on pirfenidone
discontinuation in patients with IPF. The secondary objectives
included the adherence rate and suggestions made to physicians
by the pharmacists in the collaborative management group. To
assess adherence to pirfenidone, the pharmacists queried patients
about the remaining number of pirfenidone tablets at each visit
for the first 3 months after the start of treatment. The adherence
rate (%) was calculated as follows (number of tablets taken)/
(number of tablets prescribed) × 100. We also evaluated factors
associated with pirfenidone discontinuation owing to ADEs in
the conventional management group. All data were collected
from the electronic medical records. The data cut-off date was
January 31, 2019.

Statistics
Categorical data are displayed as the number of patients (n) and
the respective relative frequencies. Values were compared using
Fisher’s exact test. For continuous data, median [interquartile
range (IQR)] values are presented. Differences between groups

FIGURE 1 | Flow diagram of patients in the pharmacist–physician collaborative management and conventional groups. The collaborative management was
initiated in September 2017; thereafter, 15 consecutive patients (the collaborative management group) were collaboratively managed by physicians and pharmacists.
From January 2015 to August 2017, 61 patients received conventional care with pirfenidone (the conventional group).
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were analyzed using Wilcoxon rank sum test. To analyze factors
associated with pirfenidone discontinuation, a single predictor
Cox regression analysis was performed using patients’ age, sex,
predicted baseline forced vital capacity (FVC), body mass index
(BMI), smoking status, and pharmacist–physician collaboration
management as independent variables. Significant factors in the
univariate analysis were evaluated as potential covariates in the
subsequent multivariable Cox regression analysis. The time to
drug discontinuation was estimated using the Kaplan-Meier
method and compared using the log-rank test. Patients who
were still taking pirfenidone and were free from progression
were censored at the last follow-up.

To adjust for the other baseline factors, a sensitivity
analysis was conducted by propensity score matching. We
estimated the propensity score by modeling the probability of
being in the conventional management group vs. the
collaborative management group. The following variables
were included in the regression model: age, body weight,
smoking status, concomitant use of prednisolone, FVC, and
DLco. A 1:1 matching (without replacement) in the two
treatment groups was achieved using the nearest neighbor
method with a 0.25-width caliper of SD of the logit of
propensity scores to reduce bias by these potential
confounding factors. The matched data were analyzed to
confirm the robustness of the primary analysis results.
Data were analyzed using JMP 13.2.1 (SAS Institute Inc.,
Cary NC, United States). The results with a p-value of <0.05
were considered statistically significant.

RESULTS
Baseline Characteristics of Patients
Between January 2015 and August 2017, 61 consecutive patients
with IPF were prescribed pirfenidone treatment (the
conventional group). After establishing the ambulatory care
pharmacy practice, between September 2017 and January
2019, 15 consecutive patients with IPF were prescribed
pirfenidone (the collaborative management group). The
baseline characteristics of the 74 eligible patients are
summarized in Table 1. There were no significant differences
in the proportions of patients who were male (80.0 vs. 54.2%, p �
0.138), ex-smokers (73.3 vs. 54.2%, p � 0.245), using home oxygen
therapy (13.3 vs. 11.9%, p � 1.000), or concomitantly receiving
prednisolone (46.7 vs. 32.2%, p � 0.367) between the collaborative
management and conventional groups. Similarly, baseline age,
body weight, BMI, FVC, and 6-min walk distance were not
significantly different between the groups. The median (IQR)
predicted FVC (%) in the collaborative management and
conventional groups was 71.8 (64.4–85.0) and 67.6 (53.8–85.0),
respectively. The proportion of patients with a predicted FVC of
<60% was not different between the groups [20.0% (3/15) vs.
37.3% (22/59), p � 0.240]. The baseline values of predicted
diffusing capacity of carbon monoxide (DLco, %) were not
evaluated in 24 and three patients, in the conventional and the
collaborative management group, respectively. Themedian (IQR)
predicted DLco (%) of the remaining patients was significantly
lower in the collaborative management group than in the

conventional group [51.8 (42.5–62.2) vs. 63.3 (56.3–85.0),
p � 0.031].

Effect of Pharmacist–Physician
Collaboration Management on Pirfenidone
Discontinuation
Pirfenidone discontinuation rates at 3, 6, and 12 months are
shown in Supplementary Figure S1. In the collaborative
management group, the observation period for four and six
patients was less than 6 and 12 months, respectively. Three
patients discontinued pirfenidone owing to ADEs (grade 2
photosensitivity at 2 months, grade 2 rash at 9 months, and
grade 1 photosensitivity at 11 months) within the first
12 months. In contrast, among the 61 patients in the
conventional group, 21 discontinued pirfenidone owing to
ADEs (13 patients, nausea or anorexia; 3, malaise; 2,
hepatotoxicity; and 3, other events) and 10 patients
discontinued owing to an acute exacerbation of IPF or disease
progression, within the first 12 months. One patient was
transferred to another hospital after 11.3 months of
treatment. The rates of discontinuation at 3 [6.7 (1/15) vs.
26.2% (16/61), p � 0.167] and 6 [9.1 (1/11) vs. 36.1% (22/61),
p � 0.093] months were lower in the collaborative management
group than in the conventional group; however, the difference
was not significant.

To evaluate the effect of pharmacist–physician collaborative
management on the discontinuation of pirfenidone, we
conducted univariate and multivariate analyses using a Cox
proportional hazards model. The results revealed that
collaborative management [hazard ratio (HR) 0.34, 95% CI
0.08–0.96, p � 0.041] and a predicted baseline FVC of <60%
(HR 2.13, 95% CI 1.17–3.85, p � 0.015) were significantly

TABLE 1 | Patient characteristics.

Collaborative
management

(n = 15)

Conventional
(n = 61)

P-value

Age, years 76 (71–80) 74 (68–80) 0.414
Male, n (%) 12 (80.0) 34 (55.7) 0.139
Body weight, kg 58.5 (51.5–65.0) 57.6 (49.0–66.0) 0.548
BMI, kg/m2 22.7 (19.8–24.8) 22.3 (20.2–24.1) 0.912
Smoker, n (%)
Ex 11 (73.3) 34 (55.7) 0.254
Never 4 (26.7) 27 (44.3)

Home oxygen therapy, n (%) 2 (13.3) 7 (11.5) 1.000
Prednisolone use, n (%) 7 (46.7) 20 (32.8) 0.372
Pulmonary function tests
FVC (L) 2.3 (1.6–2.7) 1.9 (1.5–2.5) 0.464
FVC (% pred) 71.8 (64.4–85.0) 67.6 (53.8–87.0) 0.676
DLco (% pred) 51.8 (42.5–62.2)a 63.3 (56.3–85.0)b 0.031

6-min walk distance, m 413 (256–485)c 445 (375–500)d 0.280

DLco, diffusing capacity of carbon monoxide; FVC, forced vital capacity. Continuous
data are shown as the median (interquartile range). Fisher’s exact test andWilcoxon rank
sum tests were used to compare categorical and continuous data, respectively.
aMissing data from 3 patients.
bMissing data from 24 patients.
cMissing data from 1 patient.
dMissing data from 14 patients.
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associated with pirfenidone discontinuation (Table 2). The
Kaplan–Meier curve for the continuation of pirfenidone
therapy is shown in Figure 2. The time to drug
discontinuation was significantly longer in the collaborative
management group than in the conventional group (p � 0.034,
log-rank test). In contrast, the prescription of antiemetics did not
significantly decrease the rate of pirfenidone discontinuation
owing to ADEs in the conventional group (Supplementary
Table S1).

We also performed propensity score matching to balance
patient characteristics between the collaborative management
and conventional groups. There were no significant differences
in the factors between the two groups (Table 3). In the propensity
score-matched cohorts, the median time to drug discontinuation
was significantly longer in the collaborative management group
than in the conventional group [not reached (NR) (95% CI
1.8–NR) vs. 2.9 months (95% CI 0.1–NR), p � 0.028, log-rank
test], and there was a significant association between collaborative

management and time to drug discontinuation (HR 0.20, 95% CI
0.03–0.84, p � 0.027).

Activities of Pharmacists in the Ambulatory
Care Pharmacy Practice
In the collaborative management group, the pharmacists made
a total of 56 suggestions to the physicians (Table 4). Among
these suggestions, the required number of supportive care
medicines that were previously prescribed (38 suggestions)
was the most frequent. The suggestions also comprised
additional supportive care (13 suggestions), including
antiemetics or photosensitivity prevention, and others
(5 suggestions). Among the 56 suggestions, 52 (92.9%)
were accepted by the physicians.

The pharmacists assessed patients’ adherence to pirfenidone at
each visit to the ambulatory care pharmacy practice. The results
revealed that the median adherence of patients to pirfenidone for
the first 3 months was 99.4% (98.4–100%).

TABLE 2 | Univariate and multivariate Cox regression models for drug discontinuation.

Factor Univariate analysis Multivariate analysis

HR, (95% CI) P-value HR, (95% CI) P-value

Collaborative management 0.30 (0.07–0.84) 0.018 0.34 (0.08–0.96) 0.041
Predicted baseline FVC <60% 2.32 (1.27–4.18) 0.007 2.13 (1.17–3.85) 0.015
Age >70 years 0.96 (0.52–1.86) 0.896 — —

Female sex 1.16 (0.63–2.08) 0.631 — —

BMI, kg/m2 1.04 (0.96–1.12) 0.387 — —

Ex-smoker 0.98 (0.55–1.78) 0.953 — —

Home oxygen therapy 1.26 (0.43–2.91) 0.642 — —

Concomitant use of prednisolone 1.61 (0.87–2.89) 0.127 — —

BMI, body mass index; FVC, forced vital capacity; HR, hazard ratio.

FIGURE 2 | Kaplan–Meier curves for time to drug discontinuation in the pharmacist–physician collaborative management and conventional groups.
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DISCUSSION

We established and evaluated an ambulatory care pharmacy
practice for the pharmacist–physician collaborative
management of out-patients with IPF receiving anti-fibrotic
therapy. Of the 56 suggestions made by the pharmacists to the
physicians, 52 (92.9%) were accepted by the physicians. The rates
of pirfenidone discontinuation owing to ADEs after 3 and
6 months of treatment tended to be lower after the initiation
of the ambulatory care pharmacy practice, and the time to
pirfenidone discontinuation in the collaborative management
group was significantly longer than that in the conventional
management group. Moreover, multivariate analysis revealed
that the collaborative management approach significantly
reduced the risk of pirfenidone discontinuation. This result
was confirmed by a propensity score-matching analysis. To
the best of our knowledge, this is the first report to
demonstrate that pharmacist–physician collaborative management
in an ambulatory setting successfully prevented the discontinuation
of pirfenidone treatment in patients with IPF.

In real-world clinical practice, the rates of pirfenidone
discontinuation owing to any reason and owing to ADEs at

12 months have been reported to be 35–75% (Ogura et al.,
2015; Bando et al., 2016; Barratt et al., 2018; Ogawa et al.,
2018; Uehara et al., 2018; Sköld et al., 2019) and 15–35%
(Ogura et al., 2015; Bando et al., 2016; Galli et al., 2017;
Barratt et al., 2018), respectively. In our study, the rates of
pirfenidone discontinuation owing to any reason and owing to
ADEs at 12 months were 51.7 vs. 33.3% and 35.0 vs. 33.3% in the
conventional vs. collaborative management groups; these values
were generally within the range reported previously. The
multivariate analysis revealed that an FVC <60% was a risk
factor for the discontinuation of pirfenidone. This result
supported the findings of previous studies (Galli et al., 2017;
Barratt et al., 2018; Uehara et al., 2018). On the contrary, a part of
our results was not consistent with the results of previous larger-
scale studies. In the PASSPORT study, female sex was a
significant risk factor for early treatment discontinuation due
to ADEs (Cottin et al., 2018). The percentage of females was
relatively higher in the conventional group than in the
collaborative management group. Although we performed
propensity score matching to adjust the imbalance in patient
characteristics between the groups, it was difficult to completely
adjust these imbalances. This was likely due to the small sample
size in our study; therefore, our results should be confirmed in
larger-scale studies.

The usefulness of patient-centered, multidisciplinary team
care for patients with IPF has been previously assessed
(Chaudhuri et al., 2014; Wuyts et al., 2014; Duck et al., 2015;
Martinez and Flaherty, 2017). Duck et al. reported the effective
collaboration of specialist IPF nurses with physicians and patients
in the IPF Care program (Duck et al., 2015). In their review
article, they described that nurses provide several supports. The
IPF Care program, which is initiated when the patient is
prescribed pirfenidone, involves phone calls and patient-
tailored information booklets. Additionally, the nurses discuss
the treatment of each patient directly with the physicians. In some
countries, the program also involves face-to-face visits with
nurses. In our hospital, nurses have multiple important roles
within the multidisciplinary IIP support team. For example,
nurses advise patients and their family about their lifestyle,
provide education about home oxygen therapy, and support
advanced care planning processes (Rajala et al., 2016).
Additionally, we have previously provided ambulatory care
pharmacy practice services for patients treated with oral
anticancer drugs and direct-acting antiviral agents for hepatitis
C virus (Yamamoto et al., 2018). Therefore, based on our

TABLE 3 | Patient characteristics after propensity score matching.

Collaborative
management

(n = 10)

Conventional
(n = 10)

P-value

Age, years 76 (68–79) 78 (71–83) 0.425
Male, n (%) 7 (70.0) 5 (50.0) 0.650
Body weight, kg 59.1 (52.6–68.8) 52.9 (50.4–65.1) 0.427
BMI, kg/m2 23.4 (19.9–24.9) 21.8 (20.5–23.6) 0.677
Smoker, n (%)
Ex 7 (70.0) 7 (70.0) 1.000
Never 3 (30.0) 3 (30.0)

Home oxygen therapy, n (%) 1 (10.0) 1 (10.0) 1.000
Prednisolone use, n (%) 5 (50.0) 5 (50.0) 0.372
Pulmonary function tests
FVC (L) 2.4 (1.6–2.8) 2.2 (1.8–2.4) 0.520
FVC (% pred) 77.1 (69.1–85.3) 76.5 (53.7–88.0) 1.000
DLco (% pred) 58.7 (47.5–79.0) 54.2 (37.9–67.1) 0.473

6-min walk distance, m 450 (276–569)a 410 (272–488)b 0.773

DLco, diffusing capacity of carbon monoxide; FVC, forced vital capacity. Continuous
data are shown as the median (interquartile range). Fisher’s exact test andWilcoxon rank
sum tests were used to compare categorical and continuous data, respectively.
aMissing data from 1 patient.
bMissing data from 2 patients.

TABLE 4 | Number of suggestions provided by the pharmacists and physicians’ responses.

Number of suggestions Number of suggestions
accepted by physicians

Required number of supportive care medicines that were
previously prescribeda

38 35 (92.1%)

Additional supportive care 13 13 (100%)
Others 5 4 (80.0%)

aIn pharmacist–physician collaborative management, the pharmacists assessed whether the patients could appropriately take supportive care medications, such as domperidone. If the
patient took the supportive medicine inadequately, the pharmacist educated the patient on the appropriate use. Then, the pharmacist suggested the number of required supportive care
medicines to the physicians.
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experience, we established the ambulatory care pharmacy
practice for patients receiving anti-fibrotic agents.

In our ambulatory care pharmacy practice, the pharmacists
educated patients on how to take supportive care medicines upon
initiation of pirfenidone treatment. At the second visit or later,
the pharmacists assessed the potential ADEs and the
appropriateness of the supportive care medicines; they then
suggested prescriptions to the physicians. Most of the
suggestions made by the pharmacists pertained to the required
number of supportive care medicines that were previously
prescribed (38/56 suggestions). Interestingly, although 52 of
the 61 patients in the conventional care group were prescribed
antiemetics, including domperidone, metoclopramide, and
mosapride, the incidence of drug discontinuation owing to
ADEs in these patients was not significantly decreased
(Supplementary Table S1). Overall, prescribing supportive
care medications alone might not be sufficient to manage
ADEs, but detailed explanations are essential for each patient.
Numerous studies have reported the usefulness of pharmacist-
involved team care in pharmacotherapies (Yamada and
Nabeshima, 2015; Yamamoto et al., 2018; Crutzen et al., 2019;
Zhang et al., 2019). Our results showed that
pharmacist–physician collaborative management, in an
ambulatory care setting, can also improve care for patients
with IPF receiving pirfenidone.

There were some limitations to our study. First, this was a
single-centered, retrospective study. Second, the number of
patients in the pharmacist–physician collaborative management
group was small, and the sample sizes were imbalanced between
the groups. Despite performing propensity-score matching, in
addition to the primary analysis, to confirm the robustness of
the usefulness of our pharmacist–physician collaborative
management, the sample size of the score-matched cohort was
very small. Our preliminary findings should be confirmed
prospectively in further studies in other institutions. Thirdly, the
ideal follow-up period could not be determined from this study
design. Our pharmacy practice was generally provided for all
patients during the first 3 months from the start of pirfenidone
treatment because the majority of dose reductions or
discontinuations are observed during the early phase (Lancaster
et al., 2017). However, two patients in the collaborative
management group discontinued pirfenidone owing to ADEs
more than 3 months after treatment initiation.

In conclusion, we established an ambulatory care pharmacy
practice for the pharmacist–physician collaborative management
of out-patients with IPF receiving pirfenidone treatment. The

results of our study suggest that, compared to conventional
management, collaborative management may be useful for
preventing the discontinuation of pirfenidone. Our preliminary
findings warrant further prospective investigations with a larger
sample size.
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