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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a debilitating respiratory disease that is highly associated with
smoking. Despite widespread knowledge of the health risks of smoking, many patients with COPD continue to smoke. Growing
evidence suggests that alternatives to combustible cigarettes (CIG), such as heated tobacco products (HTP), may be less harmful.

Objective: To evaluate the impact of switching from CIG to HTP on the time to subsequent COPD exacerbations in patients
who have had a COPD-related hospitalization.

Methods: This retrospective cohort study will be conducted in Japan using electronic health data and tobacco exposure data
from questionnaires and consumer databases. The study will invite approximately 30,000 patients who had a COPD-related
hospitalization between May 2016 and December 2022. The first of these hospitalizations will be considered a patient’s study
Index Event. The primary outcome is the time from Index Event to subsequent COPD exacerbation (a composite outcome of
subsequent COPD-related hospitalization and all-cause mortality); patients will be observed until March 2025. The primary
exposure groups are HTP use and CIG use, respectively, pre- and post-index. We will use weighted Cox proportional hazard
models, with propensity score weighting to balance potential confounders, to compare the primary outcome between the primary
exposure groups. We will also compare the primary outcome between exclusive HTP users and ancillary exposure groups of dual
users of CIG and HTP and former CIG smokers. Secondary outcomes include all-cause mortality, pneumonia-related
hospitalization, COPD-related hospitalizations, and all-cause hospitalizations and will be assessed in primary and ancillary
exposure groups.

Results: The study described in this protocol intends to assess whether there is a longer time to subsequent COPD
hospitalizations and all-cause mortality for HTP users compared to CIG smokers

Conclusions: This protocol describes the first large-scale study that will identify patients with COPD from a nationally
representative healthcare database and evaluate the history of tobacco product usage from multiple sources. Additionaly, this
study protocol isthefirst in the tobacco medical literature that embraces real-world data providing information on HTP use from
various tobacco product exposure sources. This will aso be the first study to assess the relationship between HTP use and
mortality in this patient population. Given the limited evidence on the health effects of HTP in COPD, the results of this study
will provide real-world insights into the effects of switching to HTP use compared to continued CIG smoking in patients with
COPD. Clinical Tria: Not applicable

(JMIR Preprints 04/03/2025:73436)
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a debilitating respiratory disease
that is highly associated with smoking. Despite widespread knowledge of the health risks of
smoking, many patients with COPD continue to smoke. Growing evidence suggests that alternatives
to combustible cigarettes (CIG), such as heated tobacco products (HTP), may be less harmful.
Objective: To evaluate the impact of switching from CIG to HTP on the time to subsequent COPD
exacerbations in patients who have had a COPD-related hospitalization.

Methods: This retrospective cohort study will be conducted in Japan using electronic health data and
tobacco exposure data from questionnaires and consumer databases. The study will invite
approximately 30,000 patients who had a COPD-related hospitalization between May 2016 and
December 2022. The first of these hospitalizations will be considered a patient’s study Index Event.
The primary outcome is the time from Index Event to subsequent COPD exacerbation (a composite
outcome of subsequent COPD-related hospitalization and all-cause mortality); patients will be
observed until March 2025. The primary exposure groups are HTP use and CIG use, respectively,
pre- and post-index. We will use weighted Cox proportional hazard models, with propensity score
weighting to balance potential confounders, to compare the primary outcome between the primary
exposure groups. We will also compare the primary outcome between exclusive HTP users and
ancillary exposure groups of dual users of CIG and HTP and former CIG smokers. Secondary
outcomes include all-cause mortality, pneumonia-related hospitalization, COPD-related
hospitalizations, and all-cause hospitalizations and will be assessed in primary and ancillary
exposure groups.

Results: The study described in this protocol intends to assess whether there is a longer time to
subsequent COPD hospitalizations and all-cause mortality for HTP users compared to CIG smokers
Conclusions: This protocol describes the first large-scale study that will identify patients with COPD
from a nationally representative healthcare database and evaluate the history of tobacco product
usage from multiple sources. Additionally, this study protocol is the first in the tobacco medical
literature that embraces real-world data providing information on HTP use from various tobacco
product exposure sources. This will also be the first study to assess the relationship between HTP use
and mortality in this patient population. Given the limited evidence on the health effects of HTP in
COPD, the results of this study will provide real-world insights into the effects of switching to HTP
use compared to continued CIG smoking in patients with COPD.

Keywords: Smokers; Japan; Electronic Health Records; Propensity Score; Retrospective Studies;
Tobacco Products; Pulmonary Disease, Chronic Obstructive; Surveys and Questionnaires
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Introduction

Chronic obstructive pulmonary disease (COPD) is a debilitating respiratory disease and a major
cause of non-cancer mortality globally [1]. In 2022, the overall COPD death rate in Japan was 13.7
per 100,000 people (23.6 per 100,000 males and 4.2 per 100,000 females), which accounted for 1.1%
of deaths in that year [2]. The risk of morbidity, and possibly mortality, is even higher in those with
(vs. without) a history of exacerbations or respiratory events; analysis of administrative claims data
of 20,212 patients with COPD in Japan showed a significantly higher rate of severe acute
exacerbations in patients with prior respiratory events (0.199 per patient-year) compared to those
without (0.022 per patient-year) [3]. It is well known that smoking cessation is associated with
reduced risk of smoking-attributable diseases [4, 5]. Even though the world-wide prevalence of
smoking has substantially decreased over the past two decades (from ~33% in 2000 to ~20% in
2022), the World Health Organization (WHO) reported that there were approximately 1.245 billion
current tobacco users world-wide in 2022 [6]. The WHO has projected this number to decrease only
slightly to about 1.197 billion by 2030. In some countries, adults who still smoke now have access to
non-combustible tobacco/nicotine-containing products that are considered less harmful than
combustible cigarettes (CIG) [7, 8].

Heated tobacco products (HTP) are an example of smoke-free alternatives that are considered less
harmful. Rather than burning tobacco as in CIG smoking, HTP function by heating the tobacco at
significantly lower temperatures to produce aerosols for inhalation [9]. Aerosol chemistry analyses
showed an average reduction of 90-95% in the levels of harmful and potentially harmful constituents
in the aerosol compared to those produced in CIG smoke [10-12]. Biomarker studies also showed
favorable changes in biomarkers of potential harm upon switching from CIG to HTP use compared
to continued CIG smoking [13-17]. Moreover, results from human studies have suggested a trend of
improved pulmonary function with switching from CIG to HTP in terms of increased forced
expiratory volume in 1 second measured by spirometry [16, 18]. A longitudinal study found, on
average, a decreased frequency of exacerbations in 19 patients switching to HTP compared to a
matched group of 19 other patients who continued CIG smoking, suggesting an effect of HTP in
clinically important measures of COPD outcomes [19]. However, all these findings need to be
interpreted with caution due to their limited sample sizes. Not all studies have reported appreciable
improvements in pulmonary function following a switch to HTP [20]. These studies hint at initial
promises for patients with COPD who switch from smoking to HTP but also highlight the need for
more conclusive evidence.

There remains a dearth of large, high-quality, long-term studies assessing the impact of HTP use by
patients with COPD [21] and no real-world study to date. The study protocol presented in this paper
is designed to bridge this gap. Study enrollment will reach out to approximately 30,000 patients with
COPD, with a long follow-up period of up to 9 years for some eligible patients. This will help
overcome the small sample size and short study duration that limited data interpretability in prior
studies. Another strength is the use of a Japanese database that captures the healthcare experience of
patients receiving medical care from a nationally representative hospital network. Also, multiple data
sources will be used to assess tobacco exposure history, including questionnaires and consumer
databases.

The study intends to address existing gaps in knowledge regarding HTP use in patients with COPD.
For instance, no published studies examine the impact of switching from CIG to HTP on mortality in
patients with COPD. As this is one of the study objectives, the results will likely provide early clues
for this outcome in answering an important and highly relevant public health question. Overall, this
study intends to provide real-world evidence in the rapidly growing area of research on long-term
health effects of HTP use.

https://preprints.jmir.org/preprint/73436 [unpublished, non-peer-reviewed preprint]
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Study Objectives
Primary Objective

The primary objective is to compare the time from a patient’s first COPD-related hospitalization,
which occurred between May 1, 2016 and December 31, 2022 (ie, Index Event), to the composite
outcome of a subsequent COPD-related hospitalization or all-cause mortality between comparable
groups of HTP users and CIG smokers.

Secondary Objectives

The secondary objectives are to assess additional outcomes (mortality and respiratory outcomes) in
patients with different tobacco product use patterns:
¢ To compare the time from the Index Event to all-cause mortality between comparable groups
of:

i) HTP users versus CIG smokers,
ii) HTP users versus former smokers, and

iii) HTP users versus dual users of CIG and HTP (hereafter, dual users; see Table 1 for
definition)

¢ To compare the time from the Index Event to a first pneumonia-related hospitalization between
comparable groups of:

i) HTP users versus CIG smokers,
ii) HTP users versus former smokers, and
iii) HTP users versus dual users

e To compare the number and rate of recurrent COPD-related hospitalizations and all-cause
hospitalizations per year after the Index Event by comparable tobacco groups (CIG smokers,
HTP users, dual users, and former smokers)

¢ To compare the time from the Index Event to the composite outcome of subsequent COPD-
related hospitalization or all-cause mortality between comparable groups of:

i) HTP users versus former smokers, and

ii) HTP users versus dual users

To evaluate whether the time from the Index Event to the composite outcome of a subsequent
COPD-related hospitalization or all-cause mortality varies for HTP users by their total
number of years since switching (ie, regardless of Index Date)

Table 1. Tobacco exposure groups and definitions

CIG smokers HTP users Dual users of CIG | Former smokers
and HTP
e Smoked >1 CIG| ® Used >1 HTP| ® Smoked >1 CIG| ¢ Did not use any

daily consumable daily daily tobacco product
AND AND AND AND
e Did notuse HTPor | ® Did not smoke| ® Used >1 HTP | ¢ Smoked > 100 CIG
used HTP CIG or smoked consumable daily in the lifetime or

https://preprints.jmir.org/preprint/73436
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consumables less less than daily smoked >1 CIG
than daily daily for at least 1
year prior to the
Index Event

CIG, combustible cigarette; HTP, heated tobacco product.

Methods
Study Design

This is a protocol for a retrospective cohort study assessing the risk of subsequent COPD
exacerbations in association with tobacco use habits in Japanese COPD patients. The conduct of the
study will leverage the Tokushukai Medical Group Database (TMG), an electronic healthcare
database that includes real-world patients who sought medical care at a hospital that is part of the
Tokushukai Medical Corporation, a healthcare network of about 75 hospitals in Japan. Information
on tobacco exposure history will be collected using questionnaires completed by patients or their
relatives. Additionally, consumer data on the purchase history of tobacco products will be obtained
and linked to questionnaire responses to enable validation of patterns of tobacco product use, where
applicable. The study protocol, informed consent form (ICF), enrollment outreach materials, and
questionnaires were reviewed and approved by the Tokushukai Group’s Ethics Committee (approval
number: TGE02548-008).

Patients who have experienced at least one COPD-related hospitalization between May 1, 2016 and
December 31, 2022 (ie, Index Event), as identified in the TMG, will be pre-screened for study
eligibility (Figure 1). Those who are considered potentially eligible will be sent a study invitation
package via postal mail using their personally identifiable information recorded in the TMG (PII; eg,
name, address, etc.). If there is no reply to the initial outreach, another attempt will be made within 3
weeks of initial contact. In the study invitation package, there will be an ICF, a data request form
(DREF; for querying and linking across data sources), a Tobacco Exposure Questionnaire (TEQ) for
patients to complete, and a Relatives’ Questionnaire (RQ) for relatives to complete. In case patients
are deceased or are unable to provide consent on their own, any of their relatives or legal guardian, as
the case may be, can participate in the study on behalf of the patient by returning the signed ICF and
DREF. Relatives do not need to return the TEQ but will complete the RQ that is designed for proxy
assessment of the patient’s tobacco exposure history and provision of mortality information in case
of the patient’s death. Figure 1 presents an overview of the design and data flow for this study.
Following data collection and prior to merging the tobacco exposure and healthcare data for the
analysis of the study objectives, two separate raw datasets will be created to conduct a data check on
exposure history and events. The results of the data checks will inform the patterns of tobacco
product use and time to events in the overall study cohort to orient the main study analysis [22].

https://preprints.jmir.org/preprint/73436 [unpublished, non-peer-reviewed preprint]
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Figure 1. Overview of study design and data flow.
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DoB, date of birth; DRF, data request form for permission to access consumption data; ICF, informed consent form; PMJ, Philip Morris Japan; PII,
personally identifiable information (eg, combination of full name, date of birth, and address); RQ, Relatives’ Questionnaire (to be completed by
relatives of deceased and alive patients [those unable to complete the questionnaire themselves] to collect tobacco exposure and mortality data); TEQ,
Tobacco Exposure Questionnaire; TMG, Tokushukai Medical Group.

*Data checks will be performed using data of patients whose ICF has been signed.

Figure 2 summarizes the time frames regarding eligibility assessment, cohort entry period, and
exposure and outcome assessment windows. The discharge date of the first COPD-related
hospitalization between May 1, 2016 and December 31, 2022 is the patient’s cohort entry date. Study
inclusion eligibility for each patient will be assessed based on medical data available prior to the
respective cohort entry date. Outcomes will be assessed during the study follow-up period, which
starts from the cohort entry date (ie, Index Date). Exposure status will be assessed pre- and post-
index date until the end of the study follow-up period (March 31, 2025).

https://preprints.jmir.org/preprint/73436
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Dutcome assessment :
Subsequent COPD hospitalization or all-cause mortality

W
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|
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I

Include patients |
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Covariate assessment :

(including prior tobacco l

product exposure)

I b
Cohort Entry Date End of Follow-up .

Index Event period

=0 (May 2016 to Dec. 2022) {March 2025)

Figure 2. Study period overview. Note: The start of the exposure assessment window (here at Index event) is
illustrative and will be determined after data checks on exposure and events.

COPD, chronic obstructive pulmonary disease.

Participants and Setting

The observational period for this study will be from May 1, 2016 (corresponding to the national
availability of HTP in Japan) to March 31, 2025. Based on feasibility counts within the TMG, it is
anticipated that approximately 30,000 patients could be eligible. The study invitation will be sent to
all potentially eligible patients to maximize the final number of enrollments. The final study cohort
will consist of patients who meet the study inclusion criteria and none of the exclusion criteria
(Table 2).

Table 2. Study eligibility criteria

https://preprints.jmir.org/preprint/73436 [unpublished, non-peer-reviewed preprint]
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Inclusion criteria

¢ Patients with any healthcare encounter records in the TMG

¢ Patients with record of the Index Event between May 1, 2016 and
December 31, 2022

e Age 40 years or older at the time of the Index Event

¢ Patients of any sex

¢ Patients or relatives who can understand the information provided
in the ICF and have signed it

Exclusion criteria

¢ Patients who have had 5 or more COPD-related hospitalizations in
the 12 months prior to the Index Event

* Never smokers: a patient who had either never smoked or had
smoked < 100 CIG in their lifetime up until the questionnaire
completion data (to be excluded because the prevalence of never
smoking among patients with COPD is extremely low)

¢ Patients having the following disease/s prior to the Index Event:
bronchiectasis, active tuberculosis (defined as a tuberculosis
diagnosis in the 12 months prior to the Index Event), cystic fibrosis,
pulmonary fibrosis, pulmonary embolism, and lung cancer
(Appendix I).

¢ Tobacco industry employees or their first-degree relatives

¢ Employees of the study sponsor and its affiliates or other

organizations involved in the study
CIG, combustible cigarette; COPD, chronic obstructive pulmonary disease; ICF, informed consent form; TMG, Tokushukai Medical Group Database.

Data Sources and Collection

There are several data sources for the conduct of this study:
1. TMG: Health and related data from electronic medical records in the database will be used for
patient identification, assessment of cohort entry eligibility, and assessment of study
outcomes and covariates.

2. Questionnaires: Patients will answer a modified version of the About TEQ (which is part of the
ABOUT-Toolbox™) designed specifically for this study for the retrospective assessment of
tobacco exposure [23]. Relatives responding to the invitation on behalf of patients (alive or
deceased) will complete the RQ for the assessment of tobacco exposure and information on
mortality that occurred outside of the Tokushukai hospital network (if applicable).

3. Consumer databases (Appendix II): Classification of tobacco exposure group (Table 1) will
be based on patient-/relative-reported information on consumption (questionnaires above).
Additionally, data will be obtained from the Philip Morris Japan IQOS® Database and other
Japanese consumer points card business databases. The DRF completed by patients/relatives
will provide consent to access patients’ purchase history of tobacco products. This data,
whenever available, will be reviewed together with the individual’s self-reported exposure to
tobacco products (information in the TEQ will take priority). The proportion of the study
population with information in these databases and the level of concordance between the
questionnaires and databases will be presented as study results.

https://preprints.jmir.org/preprint/73436 [unpublished, non-peer-reviewed preprint]
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Variables
Tobacco Exposure Definition

Patients will be divided into four mutually exclusive groups based on their reported tobacco use
pattern (daily average) between the pre-index date period and the end of follow-up (Table 1).
Assignment of patients into the exposure groups will be based on their product usage pattern during
the exposure assessment window. Specifically, as aforementioned, a data check will be performed
using an exposure dataset that consists of data on tobacco exposure history from the TEQ or RQ and
the index date for each patient. The aim of the exposure data check is to assess the persistence on (ie,
duration of use of) each type of product use (CIG, HTP, dual use, and no use) will be assessed [22].
The exposure dataset will not contain any information on health outcomes.

A patient will be censored at the (i) time of a change in tobacco usage pattern during the follow-up
period (ie, changing from one exposure group to another according to the study definition, Table 1),
(ii) occurrence of an outcome, (iii) exit from the TMG, or (iv) end of the follow-up period. Figures 3
and 4 provide an illustration of tobacco exposure for eight hypothetical patients during their follow-
up period: Figure 3 presents how exposure data will be captured, and Figure 4 presents how an
exposure group will be assigned for data analysis.

Assigned exposure group Legend
e
v e '
Patient 1 i ! HTPuse :COPD-related hospitalization (outcome)
‘ Al rtali t
Biatoofid o @ CIG smoking @ cause mortality (outcome)
e ‘Fi
) y : @ :Former smoker
Patient 3 i HTPuse 55
F 4 : +“ HTP use
Patient 4 @ Dual use of HTP and CIG == :CIG smoking
i 7’
Patient 5 — 1'5/'? ) CIG smoking = :Dual use of HTP and CIG
2 s
" d -l H
Patient 6 [F3 i Former smoker
/ :
4 = H
Patient 7 e @ i HTPuse
/ ]
/E=I H
Patient 8 @ : Dual use of HTP and CIG
time
t=0 (index) End of study period
First COPD-related (planned for 31 March 2025)

hospitalization

Figure 3
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, Assigned exposure group Legend
' =)
Patient 1 oY i HTPuse :COPD-related hospitalization (outcome)
7 - hilz .
i = 5 ;_5 | ClG smoking @ :All-cause mortality (outcome)
y 4 @ :Former smoker
Patient 3 X: HTPuse 5
P ; - HTP use
. [ JEB
Patient 4 L i Dual use of HTP and CIG == :CIG smoking
H d
Patient 5 — :5 E ) CIG smoking ‘== :Dual use of HTP and CIG
@ S x ::Censoring (change in tobacco
Patient 6 17X Former smoker product use, e.g., switching from
g CIG smoking to dual use, or from
r -
Patient 7 HTP use HTP use to CIG smoking).
Any events after censoring
Patient 8 Dual use of HTP and CIG will not be considered.
time
t=0 (index) End of study period
First COPD-related hospitalization (planned for 31% March 2025)
Figure 4

Figure 3 and 4. Classification of patients into exposure groups before exploring their association with outcomes:
(Figure 3) Exposure data expected to be collected, (Figure 4) Exposure data used to classify patients into
exposure groups. The symbol X’ in the figure represents patient censoring at the end of study period, and a circle
with a product inside signifies a switch to use of that product. Note: The start of the exposure assessment window
(here at index) is illustrative and will be determined after data checks on exposure and on events.

CIG, combustible cigarette; COPD, chronic obstructive pulmonary disease; HTP, heated tobacco product.

Outcome Definition
Primary Outcome

The primary outcome is a composite outcome of subsequent COPD-related hospitalization and all-
cause mortality following the Index Event. Subsequent COPD-related hospitalizations will be
identified from the International Classification of Diseases, Tenth Revision (ICD-10) diagnosis codes
recorded in the TMG at patient discharge (see ICD-10 codes listed in Appendix III) [24]. All-cause
mortality will be identified in the TMG based on information (listed in Appendix IIT) from the
discharge summary (inpatient deaths), while the questionnaires completed by relatives will be used
to ascertain mortality occurring outside the Tokushukai hospital network.

COPD-related hospitalizations with an admission date occurring within 2 weeks of the Index Event
will be considered the same event [25]. In such a scenario, the first hospitalization within the study
period will be considered the Index Event. Similarly, when assessing the number of recurrent COPD-
related hospitalizations during the study period to address the secondary objectives, only hospital
admissions separated by at least 2 weeks will be considered as distinct events.

A data check will be performed using an event dataset that consists of health outcomes data obtained
from the TMG and RQ (for mortality information). The aim of the event data check is to assess the
number of outcome events, the drivers of the composite outcome, and the time between index date
and outcome event [22]. The event dataset will not contain any information on tobacco exposure.

Secondary Outcomes

To address the secondary objectives, subsequent COPD-related hospitalization and all-cause
mortality will be assessed in patients who are dual users and former CIG smokers who have quit
smoking. Additionally, pneumonia-related hospitalization will be assessed as a secondary outcome
and will be identified in a similar manner to COPD-related hospitalization (see Appendix III).

https://preprints.jmir.org/preprint/73436 [unpublished, non-peer-reviewed preprint]
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Covariates

Patients’ medical records will be accessed from the TMG. The extracted information will include
demographics and medical and vaccine information. A list of some of the relevant covariates and
comorbidities can be found in Appendices IV and V.

Sample Size

The minimum sample size required for the analysis of the primary objective is 9,683 participants
(6,457 CIG smokers and 3,181 HTP users) and 851 events. Calculation of this size estimate has
accounted for 10% of missing data (on exposure, covariates, and outcomes) and propensity score
weighting of data (inflation by 30%). The study will be statistically powered if the number of events
is met, irrespective of the minimum size required. However, if the number of events identified is
insufficient, the study will be reconsidered as exploratory.

This sample size estimation was calculated based on estimates from the literature. Based on a 2020
study conducted in Japan, the ratio of current CIG smokers to current HTP users is assumed to be
around 2:1 (prevalence of 25.9% vs 10.9%) [26]. For COPD-related hospitalizations following
smoking cessation, an article summarizing three prospective studies reported a hazard ratio (HR) of
0.58 for former smokers compared to continued smokers [27]. As there is no data comparing
subsequent COPD events with HTP use and CIG smoking, we assume the risk for HTP users to be
between that of CIG smokers and former smokers. We therefore assumed an HR of 0.79 for HTP
users (vs. CIG smokers) for the primary outcome, which is the midpoint between the expected
impact of smoking cessation (HR: 0.58) and a null effect (HR: 1.00). Finally, regarding exacerbation
rates, an article reported a 1-year event rate of 9% for COPD inpatient or outpatient exacerbations
among current smokers with a COPD diagnosis [28]. As our study does not consider outpatient
COPD-related visits, we assume that the event rate might be lower. For this reason and over a period
of up to 5 years of follow-up, we estimate a conservative event rate of 15%. The assumptions used
for the sample size calculation are summarized in Appendix VI.

Data protection and privacy

Throughout the conduct of the study, only Tokushukai Information System, the data management
department for the TMG, will have access to patients’ PII. After data collection and the exposure and
event data checks, a contract research organization (CRO) managing the study will use patient’
identification number (a pseudonymized patients’ number created by the Tokushukai Information
System) to merge the tobacco exposure data (from TEQ, RQ, and consumer databases) and
healthcare data (from TMG). The CRO will anonymize the merged dataset following local data
protection regulations and the General Data Protection Regulation and will only use the anonymized
data for analysis. The study sponsor will not have access to patients’ PII and will receive anonymized
data only.

Statistical Analysis

Descriptive statistics will be performed to summarize the distribution of sociodemographic
characteristics (eg, age), lifestyle factors, and clinical characteristics for the four exposure groups.
Categorical variables will be summarized using frequency and percentages, while continuous
variables will be summarized using mean and standard deviation.

Methods of Analysis

Kaplan-Meier survival curves will be used to report on the time from the Index Event to subsequent
COPD-related hospitalization or all-cause mortality for the four exposure subgroups. The study
hypothesis under the primary objective (that HTP users will have a longer time to a subsequent
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COPD hospitalization or all-cause mortality than CIG smokers) will be based on one-sided statistical
testing at a significance level of 2.5%. All other statistical tests will be two-sided with a significance
level of 5%, unless otherwise specified.

For the analysis of the primary outcome, a weighted Cox proportional hazard model will be used to
compare time from Index Event to subsequent COPD-related hospitalization or all-cause mortality
between comparable exposure groups of HTP users and CIG smokers (reference group). The
secondary objectives related to the analysis of time from Index Event to the secondary outcomes will
be performed using the same analysis strategy as for the primary outcome. For all the analyses using
Cox proportional hazards model, the proportional hazard assumption will be tested.

It is important to note that the statistical approach will not be restricted to censoring of patients at the
time of a change in tobacco product usage pattern during the follow-up period. Other approaches will
be explored, e.g., different exposure assessment windows, marginal structural models using time-
varying exposure after Index Event.

Plans for Addressing Confounding

For the primary outcome, a propensity score weighting method will be applied to balance potential
confounding factors between both exposure groups, using CIG smokers as the reference. The
following variables will be considered as confounders and included in the propensity score
weighting: age, sex, income, year of Index Event, body mass index, pack-year of CIG smoking,
number of COPD-related hospitalizations in the 12 months prior to the Index Event, length of
hospital stay during the Index Event, history of asthma, source of tobacco exposure data (patient or
relative), and history of major cardiovascular disease (myocardial infarction, heart failure, and
stroke), diabetes, pneumonia-related hospitalization in the 12 months prior to the Index Event, and
COPD medications at Index Event (if the information is available in the TMG). Propensity score
weighting will also be used for the analysis of the other study outcomes. For the outcome accounting
for death as a competing risk, a frailty model will be used.

Missing Data

The pattern of missingness will be analyzed, and the characteristics of participants with and without
missing data will be compared. For variables with a large proportion of missing data (ie, > 30% of
the study sample defined a priori), imputations for missing data will be considered. However,
variables with more than 50% missing data (defined a priori) will be removed entirely from the
statistical model.

Results

Data collection is anticipated to be completed in the second quarter of 2025. Data quality review and
statistical analyses should commence in the third quarter of 2025 and results are expected to be
published in 2026.

Discussion

This protocol describes a large-scale, long-term, retrospective cohort study that aims to evaluate the
impact of switching from CIG smoking to HTP use compared to continued CIG smoking, dual use,
and quitting CIG on the time to developing subsequent COPD exacerbations in a cohort of patients
who have had a COPD-related hospitalization. The study intends to leverage the use of an existing
database from an established hospital network in Japan, which is the country with the longest history
of HTP use. The results from this study might help adult CIG smokers who do not quit to make more
informed decisions regarding tobacco product use. In addition, this study may provide valuable
insights into the impact that switching to HTP has on outcomes of long-term conditions, which is an
expanding area of research with comparatively few real-world studies.
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Strengths of the Study

A major strength of this proposed study is its use of an existing large healthcare database to identify
eligible patients. The TMG compiles medical information from approximately 75 hospitals and over
13 million patients [29] and is therefore a rich source of real-world data. Using this database will
likely also improve the generalizability of the study results, as it is representative of the general
Japanese COPD population.

Another strength of this proposed study is its large sample size, with almost 10,000 patients expected
to be included in the analysis of the primary objective. Previous studies have been hampered by their
limited sample size, which may explain the mixed results reported so far [16, 18-20, 30].

In addition, the study cohort could potentially have a total follow-up period of 8 years and 11 months
for patients identified early in the Index Period. This distinguishes the study from several prior
studies, which were limited by their duration, with follow-up ranging between 90 days and 5 years
[16, 18, 19]. The longer duration of this study’s follow-up and the large sample size should enable
the assessment of both short-term and long-term effects of HTP use.

Furthermore, the ability to objectively ascertain study outcomes from electronic medical records will
help reduce full dependence on patient self-reports, which might be inaccurate and subject to bias.
Comparing data from the consumer databases with patient/relative-reported consumption data may
also assist in assessing the degree of recall bias, as this can provide an alternative method of
assessing exposure and prevent reliance on patient self-reports alone, although their usefulness is
likely limited by linkage challenges and/or incomplete information. Merging the anticipated self-
report tobacco exposure data and consumer data on purchases of tobacco products, if feasible, can
create a unique dataset to assess the concordance between the different data sources. The opportunity
to compare data on purchases versus consumptions of tobacco products can inform the design of
future studies on the utilities of these real-world data sources.

Finally, unlike several other studies that assessed various biomarkers of exposure and of potential
harm, this study intends to assess clinically measurable outcomes (ie, severe COPD exacerbations
and mortality), which are more easily interpretable and applicable to the general public’s
understanding of the effects of switching from CIG to HTP. In addition, no prior study has assessed
the potential for subsequent COPD events with HTP use, and the findings from this study will be
beneficial for this patient subgroup.

Limitations of the Study

Several limitations of this study are inherent to its observational design. First, the study is designed
to estimate the time to having a subsequent event in a population that already had at least one. It is
possible that any benefit of switching to HTP instead of continuing CIG smoking is less marked at
this stage of COPD. Nevertheless, frequent and severe exacerbations have been observed among
patients with prior respiratory events [3], and the findings from this study will still be relevant to
individuals who fall within this category. Next, recall bias for the assessment of type and level of
tobacco product exposure is a concern for this study due to its reliance on patients’ and relatives’
recollection to complete the questionnaires, with some patients having to remember their patterns of
tobacco use as far back as 8 years. Relatives’ recollection of a deceased person’s past behavior would
likely be biased towards unhealthy habits, which may lead to an overestimation of the duration and
type of tobacco exposure. Using consumer databases to obtain data on the purchase of tobacco
products as a proxy for consumption might help estimate the degree of this bias and further facilitate
the interpretation of the study findings. However, even this might not be an accurate representation
as people can purchase tobacco products for others or use the points cards inconsistently.

Furthermore, data completeness is a potential concern, as data on tobacco use, covariates, and/or the
study outcomes may be missing. This will be mitigated by using imputations for covariates with
limited missing values. However, variables that have a significant proportion of missing values (eg,
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> 50%) may be removed entirely from the statistical model. Deaths occurring outside the Tokushukai
hospital network may be missed, as the TMG mainly captures in-patient mortality within its
healthcare network, and this may lead to an underestimation of mortality and misclassification of the
study outcome. We will mitigate this by ascertaining information on the patient’s survival status from
their relatives, but this only works for relatives who share the same mailing address with the patient
and for those whose address did not change, as the TMG does not have contact details for relatives.
Also, in cases where a patient visits a hospital outside the Tokushukai network, subsequent COPD-
related hospitalizations may be missed.

Finally, the study results may be affected by confounding due to the observational nature of the
study. Our use of propensity score weighting to balance potential confounders may minimize some
confounding, but residual confounding due to unmeasured (eg, level of physical exercise) or
misclassified confounders (eg, concomitant medications) remains a concern. Additionally, reverse
causality is a possible bias, with CIG smokers who are known to have a higher risk of adverse health
outcomes being more likely to switch to HTP. To address this concern, the total years of HTP use and
the total duration of CIG smoking will also be analyzed.

Conclusion

This proposed study aims to significantly contribute to the limited existing evidence regarding the
effects of switching from CIG to HTP in comparison to continued CIG smoking, dual use, and
quitting CIG on COPD outcomes and mortality by generating long-term evidence based on real-
world data. It will focus on patients who have experienced severe exacerbations of COPD that
required hospitalization, using a retrospective cohort design with follow-up data spanning
approximately 9 years. We expect the enrollment for this study to be 3 orders of magnitude greater
than that of previous studies assessing the risk of COPD-related outcomes in smokers of CIG
compared to users of alternative products. This larger sample size will likely enhance the precision of
our findings. Additionally, this study protocol is the first in the tobacco medical literature to embrace
real-world data involving HTP use from various sources in a multimodal approach. In particular, it
considers multiple data sources related to tobacco exposure, including tobacco purchase information
from consumer databases. The results, if informative, will be important in guiding recommendations
for patients with COPD while providing evidence to support public health policies. Additionally,
these results will contribute to our understanding of the effects of HTP use and can serve as a
foundation for future research exploring various health outcomes related to this alternative tobacco
product.
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Appendix I. ICD-10 codes for the diseases in the exclusion criteria.

Disease ICD-10 codes
Tuberculosis Al5  Respiratory  tuberculosis,  bacteriologically  and
histologically
confirmed
A16 Respiratory tuberculosis, not confirmed bacteriologically or
histologically
A17 Tuberculosis of nervous system
A18 Tuberculosis of other organs
A19 Miliary tuberculosis
Bronchiectasis J47 Bronchiectasis
Cystic fibrosis E84 Cystic fibrosis

» E84.0 Cystic fibrosis with pulmonary manifestations
= E84.1 Cystic fibrosis with intestinal manifestations

» E48.8 Cystic fibrosis with other manifestations

= £84.9 Cystic fibrosis, unspecified

Pulmonary fibrosis

J84 Other interstitial pulmonary diseases
» J84.1 Other interstitial pulmonary diseases with fibrosis

Pulmonary embolism

126 Pulmonary embolism

» [26.0 Pulmonary embolism with mention of acute cor
pulmonale

» [26.9 Pulmonary embolism without mention of acute cor
pulmonale

Lung cancer

C34 Malignant neoplasm of bronchus and lung

Source of ICD-10 code definitions: htth://icd.who.int/browselO/ZO19/en
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Appendix I1. Additional data source descriptions.
Philip Morris Japan IQOS database

The Philip Morris Japan (PMJ) IQOS
database includes information on purchases of
IQOS devices (a type of heated tobacco
product [HTP]). The data request form (DRF)
completed by patients or their relatives will
provide consent to access patients’ HTP
purchase history from the PMJ database, by
searching the database with a combination of
personally identifiable information (PII) such
as sex, email address, and phone number.

Points card business databases
Some points card businesses in Japan have
fidelity programs that track purchases of
tobacco products (eg, combustible cigarette
[CIG] or HTP sticks). The DRF completed by
patients or their relatives will provide consent
to access patients’ tobacco product purchase
history from the points card business
databases in Japan, by searching the database
with a combination of PII.
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Appendix ITI. ICD-10 codes for identification of Index Event and study outcomes.
Index Event/Outcome ICD-10 codes

COPD-related J41 Simple and mucopurulent chronic bronchitis
hospitalization = J41.0 Simple chronic bronchitis
* J41.1 Mucopurulent chronic bronchitis
= J41.8 Mixed simple and mucopurulent chronic bronchitis
J42 Unspecified chronic bronchitis
J43 Emphysema
» J43.1 Panlobular emphysema
= J43.2 Centrilobular emphysema
» J43.8 Other emphysema
» J43.9 Emphysema, unspecified
J44 Other chronic obstructive pulmonary disease
= J44.0 Chronic obstructive pulmonary disease with acute lower
respiratory infection
»= J44.1 Chronic obstructive pulmonary disease with acute
exacerbation, unspecified
= J44.8 Other specified chronic obstructive pulmonary disease
= J44.9 Chronic obstructive pulmonary disease, unspecified
COPD-related mortality Any death recorded with COPD ICD-10 codes defined above

All-cause mortality Death due to any ICD-10 code

Pneumonia-related = J12 Viral pneumonia, not elsewhere classified
hospitalization (only for =J13 Pneumonia due to Streptococcus pneumoniae
outcome identification) » J14 Pneumonia due to Haemophilus influenzae

= J15 Bacterial pneumonia, not elsewhere classified
» J16 Pneumonia due to other infection organisms, not elsewhere
classified
= J17 Pneumonia in diseases classified elsewhere
= J18 Pneumonia, organism unspecified
All-cause hospitalization ~ Hospitalization due to any cause
Source of ICD-10 code definitions: https://icd.who.int/browse10/2019/en
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Appendix IV. Covariates to be extracted from the Tokushukai Medical Database.

Date of birth
Sex
Income information
Smoking status (smoking index (number of cigarettes per day and by years of smoking))
Height and weight
Clinical laboratory information (eg, glycated hemoglobin)
Comorbidities prior to the Index Event (ICD-10 codes attached) with their date of diagnosis
(Appendix V):
0 Cardiovascular diseases: myocardial infarction, stroke, heart failure
0 Asthma
0 Cancer (any malignant type other than lung cancer)
0 Diabetes
0 Pneumonia-related hospitalization 12 months prior to the Index Event
COPD medications/respiratory maintenance treatment (procedures)
Respiratory function-related test data, where possible
Respiratory rehabilitation treatment
Flu, pneumococcal, and COVID-19 vaccination history, where possible
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Appendix V. ICD-10 codes for comorbidities.

Comorbidities

ICD-10 codes

Myocardial Infarction
MI)

121 Acute M1

= [21.0 Acute transmural MI of anterior wall

= [21.1 Acute transmural MI of inferior wall

= [21.2 Acute transmural MI of other sites

= [21.3 Acute transmural MI of unspecified site

» [21.4 Acute subendocardial MI

= [21.9 Acute MI, unspecified

122 Subsequent M1

= [22.0 Subsequent MI of anterior wall

» [22.1 Subsequent MI of inferior wall

= [22.8 Subsequent MI of other sites

» [22.9 Subsequent MI of unspecified site

125.8 Other forms of chronic ischemic heart disease (Any condition
in 121-122 and 124 specified as chronic or with a stated duration of
more than 4 weeks [more than 28 days] from onset)

Stroke

160 Subarachnoid hemorrhage

» 160.0 Subarachnoid hemorrhage from carotid siphon and
bifurcation

» [60.1 Subarachnoid hemorrhage from middle cerebral artery

= [60.2 Subarachnoid hemorrhage from anterior communicating
artery

= [60.3 Subarachnoid hemorrhage from posterior communicating
artery

» [60.4 Subarachnoid hemorrhage from basilar artery

= [60.5 Subarachnoid hemorrhage from vertebral artery

» [60.6 Subarachnoid hemorrhage from other intracranial arteries

161 Intracerebral hemorrhage

» [61.0 Intracerebral hemorrhage in hemisphere, subcortical

» [61.1 Intracerebral hemorrhage in hemisphere, cortical

= [61.2 Intracerebral hemorrhage in hemisphere, unspecified

» [61.3 Intracerebral hemorrhage in brain stem

= [61.4 Intracerebral hemorrhage in cerebellum

» [61.5 Intracerebral hemorrhage, intraventricular

= [61.6 Intracerebral hemorrhage, multiple localized

» [61.8 Other intracerebral hemorrhage

= [61.9 Intracerebral hemorrhage, unspecified

162 Other nontraumatic intracranial hemorrhage

» [62.0 Nontraumatic subdural hemorrhage

» [62.1 Nontraumatic extradural hemorrhage

» [62.9 Intracranial hemorrhage (nontraumatic), unspecified

163 Cerebral infarction

» [63.0 Cerebral infarction due to thrombosis of precerebral arteries
= [63.1 Cerebral infarction due to embolism of precerebral arteries

» 163.2 Cerebral infarction due to unspecified occlusion or stenosis
of precerebral arteries
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= [63.3 Cerebral infarction due to thrombosis of cerebral arteries
» [63.4 Cerebral infarction due to embolism of cerebral arteries
= 163.5 Cerebral infarction due to unspecified occlusion or stenosis
of cerebral arteries
» [63.6 Cerebral infarction due to cerebral venous thrombosis,
nonpyogenic
= [63.8 Other cerebral infarction
» [63.9 Cerebral infarction, unspecified
164 Stroke, not specified as hemorrhage or infarction
165 Occlusion and stenosis of precerebral arteries, not resulting in
cerebral infarction
» [65.0 Occlusion and stenosis of vertebral artery
= [65.1 Occlusion and stenosis of basilar artery
= [65.2 Occlusion and stenosis of carotid artery
= [65.3 Occlusion and stenosis of multiple and bilateral precerebral
arteries
» [65.8 Occlusion and stenosis of other precerebral artery
= [65.9 Occlusion and stenosis of unspecified precerebral artery
166 Occlusion and stenosis of cerebral arteries, not resulting in
cerebral infarction
» [66.0 Occlusion and stenosis of middle cerebral artery
= [66.1 Occlusion and stenosis of anterior cerebral artery
» [66.2 Occlusion and stenosis of posterior cerebral artery
= [66.3 Occlusion and stenosis of cerebellar arteries
*» [66.4 Occlusion/ stenosis of multiple and bilateral cerebral arteries
= [66.8 Occlusion and stenosis of other cerebral artery
» [66.9 Occlusion and stenosis of unspecified cerebral artery
167 Other cerebrovascular diseases
= [67.0 Dissection of cerebral arteries, nonruptured
» [67.1 Cerebral aneurysm, nonruptured
» [67.2 Cerebral atherosclerosis
» [67.3 Progressive vascular leukoencephalopathy
» [67.4 Hypertensive encephalopathy
= [67.6 Nonpyogenic thrombosis of intracranial venous system
= [67.7 Cerebral arteritis, not elsewhere classified
= [67.8 Other specified cerebrovascular diseases
= [67.9 Cerebrovascular disease, unspecified
G46 Vascular syndromes of brain in cerebrovascular diseases
» G46.0 Middle cerebral artery syndrome
» G46.1 Anterior cerebral artery syndrome
» G46.2 Posterior cerebral artery syndrome
» G46.3 Brain stem stroke syndrome
» G46.4 Cerebellar stroke syndrome
» G46.5 Pure motor lacunar syndrome
» G46.6 Pure sensory lacunar syndrome
» G46.7 Other lacunar syndromes
= G46.8 Other vascular syndromes of brain in cerebrovascular
diseases
Heart failure I50 heart failure
= [50.0 Congestive heart failure
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= [50.1 Left ventricular failure
= [50.9 Heart failure, unspecified

Asthma

J45 Asthma

» J45.0 Predominantly allergic asthma
» J45.1 Nonallergic asthma

= J45.8 Mixed asthma

= J45.9 Asthma, unspecified

Diabetes

E11 Type 2 diabetes mellitus

» E11.0 Type 2 diabetes mellitus with coma

» E11.1 Type 2 diabetes mellitus with ketoacidosis

» E11.2 Type 2 diabetes mellitus with renal complications

» E11.3 Type 2 diabetes mellitus with ophthalmic complications

» E11.4 Type 2 diabetes mellitus with neurological complications

» E11.5 Type 2 diabetes mellitus with peripheral circulatory
complications

» E11.6 Type 2 diabetes mellitus with other specified complications

» E11.7 Type 2 diabetes mellitus with multiple complications

» E11.8 Type 2 diabetes mellitus with unspecified complications

» E11.9 Type 2 diabetes mellitus without complications

E14 Unspecified diabetes mellitus

» E14.0 Unspecified diabetes mellitus with coma

» E14.1 Unspecified diabetes mellitus with ketoacidosis

= E14.2 Unspecified diabetes mellitus with renal complications

» FE14.3 Unspecified diabetes mellitus with ophthalmic
complications

» FE14.4 Unspecified diabetes mellitus with neurological
complications

= E14.5 Unspecified diabetes mellitus with peripheral circulatory
complications

» E14.6 Unspecified diabetes mellitus with other specified
complications

» E14.7 Unspecified diabetes mellitus with multiple complications

» FE14.8 Unspecified diabetes mellitus with unspecified
complications

» E14.9 Unspecified diabetes mellitus without complications

Pneumonia-related
hospitalization

As defined above in Appendix I

Cancer

C00-C97 Malignant neoplasms except for C34 (malignant neoplasm
of bronchus and lung) as it is part of the exclusion criteria

Source of ICD-10 code definitions; https://icd.who.int/browse10/2019/en
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Appendix VI. Assumptions used for the sample size calculation.

Parameter Assumed Value Rationale

Significance level, alpha 2.5%, one-sided Based on the primary objective of the study

Power 90% To reduce the risk of type II error

Index period From May 1, 2016 to | To allow enough time for a follow-up period
December 31, 2022

Average estimated follow- | 5 years The minimum follow-up period will be less

up period than 2 years, and the maximum follow-up

period will be 8 years, so an average of 5
years was chosen for the calculation

Ratio of CIG smokers to | 2:1 Based on the number of current CIG smokers

HTP users and HTP users in Japan in 2020 (prevalence
of 25.9% vs 10.9% respectively) [26]

Proportion of CIG smokers | 15% From a literature report of first outpatient

having first subsequent and inpatient COPD events

COPD hospitalization over

S5 years

HR 0.79 The HR was assumed based on a literature

reported COPD-related hospitalizations for
quitters compared to those who continued
CIG smoking [27]

Missing data after | 10% Assumption
enrollment

Propensity score weighting | 30% Assumption
inflation

Abbreviations: CIG, combustible cigarettes; COPD, chronic obstructive pulmonary disease; HR,
hazard ratio; HTP, heated tobacco product
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Overview of study design and data flow. DoB, date of birth; DRF, data request form for permission to access consumption data;
I CF, informed consent form; PMJ, Philip Morris Japan; PlI, personally identifiable information (eg, combination of full name,
date of birth, and address); RQ, Relatives' Questionnaire (to be completed by relatives of deceased and alive patients [those
unable to compl ete the questionnaire themselves] to collect tobacco exposure and mortality data); TEQ, Tobacco Exposure

Questionnaire; TMG, Tokushukai Medical Group. * Data checks will be performed using data of patients whose | CF has been
signed.

Identify Extract Collect tobacoo Two data Merge Anonymize,
patients in information EXPOSUre checks™ datasets then
MG from TMG information {na P} analyee
database databasze dataset
* *
Analyze avent
dataset (from
THAG and REL
I
| - " | Use patient Ancnymize
Patients with Medical data send ICF, DRF, TEQ Anahyze Pllte  lanpapmize] raw dataset
Index Event and Pil (e.g., |PU | & RQtopatients Expasure merge data | A | and analyze
{aliveand | *| name, DoB, *|  and relatives dataset (from from TMG full, de-
deceased) address) TEQ and R} database, identified
[11] ufpl:!hents TE‘:I_. RU_. data
o With signed DRF Pl B
Extract tobacco points card
purchase data § business
from database r
(PM, points card
business)
Abbrevictions: Do8=date of birth; DRF=Data request form for permission 1o access consumption data; KKF=informed consent form;
Fhl=Philip Morris lapan; Pll=personally identifiable imlormation {eg., combination of full rame, date of birth and sddress); A0=Relatives’
Questionnaing [questionnaing to be completed by relatives of deceased and alive patients [those not hawing the capacity o complete the
quesionnaine themsehees] o collect tobboen expesure and mortality data among alive and deceased patients); TEG=Tobacto expasure
questionnaing; TRG=Tokushukal Medical Group.
*Data checks will be performed wsing data of patients whose ICF has been signed
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Study period overview. Note: The start of the exposure assessment window (here at Index event) isillustrative and will be
determined after data checks on exposure and events. COPD, chronic obstructive pulmonary disease.

Dutcome assessmeant:
Subsequent COPD hospitalization or all-cause mortality

i

Exposure assessment window
(Tobacco product use)

Other eligibility criteria

Include patients
with <5 COPD
exacerbations in
the previous
year

Covariate assessment
(including prior tobacco
product exposure)

M

End of Follow-up
Period
(March 2025)

[unpublished, non-peer-reviewed preprint]

https://preprints.,jmir.org/preprint/ 73436



JMIR Preprints Karcher et d

Classification of patients into exposure groups before exploring their association with outcomes: (Figure 3) Exposure data
expected to be collected, (Figure 4) Exposure data used to classify patients into exposure groups. The symbol ‘X’ in the figure
represents patient censoring at the end of study period, and a circle with a product inside signifies a switch to use of that
product. Note: The start of the exposure assessment window (here at index) isillustrative and will be determined after data
checks on exposure and on events.
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Classification of patients into exposure groups before exploring their association with outcomes: (Figure 3) Exposure data
expected to be collected, (Figure 4) Exposure data used to classify patients into exposure groups. The symbol X’ in the figure
represents patient censoring at the end of study period, and a circle with a product inside signifies a switch to use of that
product. Note: The start of the exposure assessment window (here at index) isillustrative and will be determined after data
checks on exposure and on events. CIG, combustible cigarette; COPD, chronic obstructive pulmonary disease; HTP, heated
tobacco product.
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