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Introduction

Smokers who completely switch from cigarettes to smoke-free
products (SFPs) reduce their exposure to harmful and potentially
harmful chemicals in cigarette smoke, which is expected to translate
into a lower risk of smoking-related diseases including lung cancer
(LC), ischemic heart disease (IHD), chronic obstructive pulmonary
disease (COPD), and stroke. We estimated the hypothetical
population health impact of introducing SFPs (heated tobacco
products [HTPs] and e-cigarettes [ECIGs]) and/or tobacco control
measures (marketing ban, single price increase, plain packaging,
minimum legal age [MLA] of 21) in Germany over 40 years (1995—
2035).

The population health impact model (PHIM) was developed by Philip
Morris Products S.A. to allow estimation of the potential reduction in
smoking-attributable mortality due to the introduction of SFPs into a
market or tobacco control measures. The basic method has been
previously described [1] and applied to the US [2, 3], Japan [4], and
Germany [5, 6].

Smokers
Switching

Individual
Risk Reduction

Population
Harm Reduction

151 ¢
4 )

Epidemiological Prevalence

2Philip Mor[l- mb

Risk Component Component Mortality Impact

Prediction

Modeling >
T Simulations T

Mortality, relative Initiation, Quitting,

\ risk, half-life.. Relapsing /

Fig. 1: The PHIM framework. The Epidemiological (E-) risk component uses the
smoking histories produced by the prevalence (P-) component to estimate the
mortality impact prediction.

Mortality impact prediction in PHIM involves two components:

dPrevalence Component

The prevalence (P-) component starts at the baseline year (1995),
with a hypothetical population of males and females, with a defined
cigarette smoking distribution. The population is then followed for 40
years under both the “NULL scenario” (no SFPs or control measures)
and various “alternative scenarios” (introducing SFPs and/or control
measures) using different sets of transition probabilities between
product use groups.
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Fig. 2: Schematic representation of a hypothetical population with product use
groups under NULL and alternative scenarios over a 40-year simulation period
(1995-2035).

JEpidemiological Component

The epidemiological (E-) component uses the tobacco use histories
to estimate each person’s relative risks for LC, IHD, stroke, and COPD
compared with those of never tobacco users at each year of follow-
up and for each scenario. The estimation involves an extension of the
negative exponential model (NEM), described in detail for LC [7],
COPD [8], IHD [9], and stroke [10], which allows for multiple changes
in tobacco use habits.

Apart from the product use histories, the NEM also requires
assumptions on the effective dose (i.e., relative harmfulness) for
current SFP use and for multiple use, compared to that for current
cigarette smoking, as well as estimates of the relative risk for
continued smoking (RR,.) and of the quitting half-life (H) for each
disease, with H being the time at which half the excess risk
associated with continued cigarette smoking has disappeared [5].
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For the alternative SFP scenario, the effective doses are assumed to
be 0.2 for exclusive HTP use and 0.05 for exclusive ECIG use, in
contrast to an effective dose of 1 for exclusive cigarette smoking. For
multiple product use, it is assumed to be the mean of the three
effective doses (i.e., 0.42) [5].

The NEM is used to calculate the excess relative risk over time t
(RR; — 1) given the effective dose, the excess relative risk for a
continuing cigarette smoker (RR.. — 1) ,and the disease-specific
half-life of excess risk (H) [1]:
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For each scenario, the average RR; for each disease is calculated for
individuals of a given sex and age group for each follow-up year, from
which proportions of smoking-attributed deaths can be derived.
These are converted to numbers using national mortality estimates
(World Health Organization’s Mortality Database) by sex, age group,
and year.

Twelve alternative scenarios simulated:

Extreme scenarios:

1. Complete cessation: In 1995, all
immediately stop smoking.

2. Complete switch to SFPs: In 1995, all current cigarette smokers
immediately switch to either HTPs or ECIGs with equal probability.

current cigarette smokers

Pragmatic scenarios:

3. Switching scenario: The market shares in 2005 increase to 15.5%
for HTPs and 36.4% for ECIGs of that in 1995 for cigarette smoking
with 84% exclusive users for both SFPs.

4. Full switching scenario: The same as the switching scenario, except
the proportion of exclusive users rise to 100% for both SFPs.

The implementation details for Extreme and Pragmatic scenarios are

described earlier [5] .

Tobacco control scenarios (as described in [11]):

5. Single price increase: The single 10% price increase introduced in
1995 is assumed to produce a 2.5% relative reduction in
prevalence in the first year.

. Marketing ban: The market ban introduced in 1995 is assumed to
produce a relative 5.0% reduction in prevalence in the first year.

. Plain packaging: The introduction of plain packaging in 1995 is
assumed to produce a relative 3.7% reduction in prevalence in the
first year, an annual relative 1.7% reduction in the next 4 years.

. MLA 21: The increase in the MLA from 18 to 21 years in 1995 is
assumed to have an effect on initiation rates in younger individuals
(shift by 3 years).

Combination scenarios:

9. Switching and single 10% price increase
10.Switching and marketing ban
11.Switching and plain packaging
12.Switching and MLA 21
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Fig. 4: Estimated smoking prevalence for the NULL and three tobacco control
scenarios (5-8) by sex (a) and estimated product prevalences in the Switching
scenario (b).
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Fig. 5: Cumulative drops in smoking-attributable deaths (SADs) for the Switching
(3) and tobacco control scenarios (5-8) over the follow-up period.
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Fig. 6: Cumulative drops in smoking-attributable deaths (SADs) for alternative
scenarios over the follow-up period.

Conclusions

Based on our assumptions, the results suggest that introducing SFPs
into the German market in 1995 would potentially have led to
substantial mortality reductions over the following 40 years in the
evaluated scenarios. These reductions were hypothetically
evaluated to be larger than those associated with introducing any of
the four tobacco control measures considered.

Considering that both tobacco control measures and harm
reduction tools can add value, future regulation should leverage
both principles simultaneously.
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