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Abstract

Background Although pharmaceutical expenditures have been rising for decades, the question of their drivers remains
unclear, and long-term projections of pharmaceutical spending are still scarce. We use a Markov approach considering dif-
ferent cost-risk groups to show the possible range of future drug spending in Germany and illustrate the influence of various
determinants on pharmaceutical expenditure.

Methods We compute different medium and long-term projections of pharmaceutical expenditure in Germany up to 2060
and compare extrapolations with constant shares, time-to-death scenarios, and Markov modeling based on transition prob-
abilities. Our modeling is based on data from a large statutory sickness fund covering around four million insureds. We
divide the population into six risk groups according to their share of total pharmaceutical expenditures, determine their cost
growth rates, survival and transition probabilities, and compute different scenarios related to changes in life expectancy or
spending trends in different cost-risk groups.

Results If the spending trends in the high-cost groups continue, per-capita expenditure will increase by over 40% until
2040. By 2060, pharmaceutical expenditures could more than double, even if these groups would not benefit from rising life
expectancy. By contrast, the isolated effect of demographic change would "only" lead to a long-term increase of around 15%.
Conclusion The long-term development of pharmaceutical spending in Germany will depend mainly on future expenditure
and life expectancy trends of particularly high-cost patients. Thus, appropriate pricing of new expensive pharmaceuticals is
essential for the sustainability of the German healthcare system.

Key Points for Decision Makers

High-risk patients have a decisive impact on the future
development of pharmaceutical expenditure.

per capita spending for inpatient care (3.2%), dental care
(2.9%), and outpatient care (1.9%) [1]. However, e.g., the
widespread use of expensive biologics and the ongoing
increase in launch prices makes it difficult to predict the
future development of expenditures for pharmaceuticals [2,
3]. Furthermore, in light of the aging of societies, the sus-
tainable financing of drug spending becomes a challenge
[2-4]. The Organisation for Economic Co-operation and
Development (OECD) provides an overview of forecasting
activities for pharmaceutical expenditures of its member
states [2]. In contrast to short-term forecasts (1-5 years),
the OECD identifies only a few studies with a medium- and
long-term perspective. Focusing solely on age and gender,
previous studies neglect the influence of different patient
groups with specific profiles of drug consumption. But the
share of specific groups in spending growth is of particular
interest to policymakers, e.g., in terms of reform options,
especially regarding the increasing spending concentration

Germany must prepare for a strong increase in drug
spending if the current trends continue.

Policymakers can respond to these challenges with
appropriate pricing policies.

1 Introduction

Healthcare spending in Germany has been rising for years,
with pharmaceutical spending being one of the most
dynamic cost drivers. With an increase of 5.5% in 2022,

pharmaceutical per capita expenditures in statutory health
insurance show by far the highest growth rate, followed by

Extended author information available on the last page of the article

on a small group of high-risk patients [5].
The pharmaceutical market can be divided into the mar-
ket segment of off-patent drugs, characterized by high price
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competition and/or a high degree of price regulation, and the
market segment of patent-protected drugs with, for the most
part, stand-alone products [6]. For Germany, most top-sell-
ing drugs are patent-protected blockbusters like oncologics,
immunotherapeutics, or pharmaceuticals for cardiovascular
diseases [7]. However, in the last few years, most of the
increase in pharmaceutical spending in Germany and many
other countries is attributable to pharmaceuticals for rare
diseases (so-called orphan drugs) [8, 9]. The presumable
reason for this is a less stringent legal framework for drug
evaluation and reimbursement for new launches of orphan
drugs compared to new launches of blockbusters [10, 11].
Overall, in 2019 half of all newly launched pharmaceuticals
in Germany were orphan drugs, most of them for cancers
[7]. Consequently, this trend is leading to an increasing con-
centration of spending on high-risk patients [5].

In this paper, we compute different medium- and long-
term projections of outpatient pharmaceutical expendi-
ture in Germany from 2019 to 2060 using a Markov
approach. In our model, we distinguish between different
risk groups defined by cost, i.e., we measure the previ-
ous year's drug costs for risk group classification. Our
model operates with affiliation probabilities to the risk
groups, transition probabilities between the groups, and
group-specific mortality rates, each by age and sex, for
linking the model to population projections. Even though
discrete-time Markov models are widely used in pharma-
coeconomics, their application tends to focus on cost-
benefit, cost-effectiveness, or cost-utility analyses [12,
13] rather than on population-based expenditure projec-
tions. Our model is based on a large statutory sickness
funds dataset covering approximately 4 million insureds.
All our modeling is done within a population projection
in which we simulate the distribution and development of
risk groups for the German population. This allows us to
distinguish projections with constant shares (status quo),
projections with the time-to-death assumption, and pro-
jections via the Markov modeling mentioned above. With
this comprehensive approach, we can extend the literature
both in terms of medium- and long-term drug expenditure
projections and on the impact of the increasing high-cost
cases on future pharmaceutical spending. By making dif-
ferent assumptions about gains in life expectancy and risk
group-specific future growth trends of pharmaceutical
costs, we can show the possible future range of phar-
maceutical spending for the healthcare system. As many
scholars support the assumption that healthcare spending
is determined less by age itself than by proximity to death
[14-16], we also account for the costs of dying in one
projection model.

The paper is organized as follows: First, we describe
the projection model, the underlying data set, and the
different projection scenarios for the future development
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of pharmaceutical spending in Germany. We then present
our projection results, followed by a discussion of the
results considering current literature and limitations. At
the end, we draw the respective conclusions and provide
policy implications.

2 Methods
2.1 Model

We project future pharmaceutical expenditures for Ger-
many until 2060. As usual for this long time horizon,
we focus on the demand side [2] and, particularly, on
the impact of high-cost patients. We follow the work of
Thiébaut et al. [17] and use a Markov model approach
based on transition probabilities to simulate future phar-
maceutical expenditure in various scenarios. Our model
operates with different risk groups based on their share
of total pharmaceutical spending, risk group one repre-
senting the most expensive 1%, risk group two the second
most expensive 4%, and the other risk groups the follow-
ing: 5%, 10%, 30%, and 50%. The risk group members
can transition to other risk groups and also transition to
death with group-specific mortality (see Pritchard [18],
Sherris and Wei [19] or Rickayzen and Walsh [20]). Since
we focus on the influence of patients with very high drug
spending, the risk in our model is determined by prior
year pharmaceutical expenditure, as this has proven to
be a good predictor of high spending in the future [21,
22]. In the field of health economics, there is an ongo-
ing debate about reasons for disproportionate healthcare
spending growth [23]. First, to account for the costs of
dying as a widely discussed determinant of high health-
care spending [24], we distinguish the costs of survivors
and deceased, following Kildemoes et al. [25] and Mor-
gan and Cunningham [26]. Furthermore, medical pro-
gress is under discussion as an expenditure driver [27],
leading to the inclusion of cost growth rates in forecast
models (see, e.g., the Intergenerational Report of the
Commonwealth of Australia [28]). Since previous stud-
ies found different disproportionate cost growth rates for
survivors and decedents of various patient groups [29]
and particularly high pharmaceutical spending growth
for patients with the highest drug expenditures [30],
we include risk group- and survival status-specific cost
growth rates in our projection model.

The data in our model are calibrated to the pharmaceu-
tical expenditures in 2019 of the German Social Health
Insurance (SHI), covering about 90% of the German
population. The population in our model is split into six
(different-in-size) risk groups, as mentioned above. This
approach should address the highly skewed distribution



How to Predict Drug Expenditure: A Markov Model Approach with Risk Classes

563

t= 2018 t+1= 2019

t+2=2020

81, [
2%

180 days

Decedents R2
180 days

Decedents R3
180 days

Decedents R4
180 days

Decedents R5

Decedents R6
180 days

DecedentsR1 |

etc.

81,
tp13”

Decedents R1

180 days

Decedents R2
180 days

Decedents R3
180 days

Decedents R4
180 days

i

Decedents R5
180 days

Decedents R6 [
180 days |

Fig. 1 Markov model exemplified by the cohort of 80-year-old women. mr Mortality rate, R risk group, ¢ year, #p transition probability. Source:

Own depiction

of healthcare spending in Germany since the most expen-
sive 1% of insureds in the SHI are responsible for about
20% of healthcare expenditures, and the most expensive
10% account for over 50% [31, 32]. Focusing only on
pharmaceutical expenditures, this distortion is particu-
larly strong and continuously increasing [32]. For each
risk group, we calculate age- and sex-related affiliation
probabilities.

We use a deterministic Markov approach to determine
how the different risk groups transition over time, as
illustrated in Fig. 1.! For each cohort by age a and sex s,
we calculate transition probabilities and mortality rates.
The initial risk groups rg, (R1-R6) are shown in Fig. 1
on the left. Every cohort of a risk group has a certain

! In addition, the transition matrix underlying the model can be
found in the electronic supplementary material (Fig. 4).

transition probability tp%* to move to another risk

T8/ T811

group rg,,; or to die with a certain mortality rate mriet
15" S+

in year ¢t + 1. The rates tpféf.rgm and mrféf‘rgﬁl are calibrated
to the life tables [33] associated with the projection of the
German population up to 2060 [34]. For each risk group,
we calculate average daily per-capita pharmaceutical
costs differentiated by deceased and survivors. In the
Markov model, the origin risk group in year ¢ determines
the amount of expenditure in year ¢+ 1. Thus, in year
t = 2018, we use age- and sex-related (affiliation) prob-
abilities to distribute the population among the six risk
groups to begin modeling from year ¢ + 1 = 2019 using
the transition probabilities and mortality rates. In allocat-
ing expenditure to survivors and decedents, we calibrate
the model to the total outpatient drug expenditure of the

German SHI in 2019 [35]. Therefore, we assume a daily
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spending of 360 days for survivors and 180 days for
decedents.

2.2 Data

As input data for the population projection, we use official
population statistics and life tables from Destatis [36] and
mortality.org [37] to derive (future) cohort sizes and survival
rates. In line with the fertility assumption G2 and mortal-
ity assumption L2 of the official forecast [34], we assume
a constant total fertility rate of 1.55 children per woman
of childbearing age and an increase in the life expectancy
at birth from 83.4 (78.6) in the year 2019 to 88.1 (84.4) in
the year 2060 for women (men). Further, we abstract from
future migration movements, as we do not know the extent
to which age-, sex-, and risk-specific characteristics with
respect to drug use are transferable to (future) migrants.
Nevertheless, we also present scenarios that include future
migration as part of our sensitivity analyses.

The risk group-specific data are based on a dataset from
the AOK Baden-Wiirttemberg (AOK BW), a large German
sickness fund with around 4 million insureds, spanning the
years 2010-2019. We divide the insured population into the
six (different-sized) risk groups, considering only individu-
als with at least 360 insurance days. Since we need both
a pre-observation year with a full insurance period and a
post-observation year to distinguish between deceased and
survivors, the data used stem from the period 2011-2018.
Table 1a provides an overview of the study population. For
every cost group, it offers for the year 2018 the number of
insureds, the share of total pharmaceutical costs, the distri-
bution of women and men, and the average age. Given the
overall size of the dataset, the sex distribution, and the total
population’s mortality rate compared to official population
statistics, it can be assumed that the data are representative
[38, 39].

Table 1b shows the average daily per-capita costs per risk
group differentiated by survivors and deceased, calibrated to
the total outpatient pharmaceutical expenditures of the SHI
in 2019 [35]°. Since we only consider outpatient pharmaceu-
tical expenditures, drugs used within a hospital treatment as
well as pharmaceuticals not reimbursed by the SHI are not
included®. To account for spending trends, we calculate the
expenditure growth rates per risk group from 2010 to 2018,
additionally differentiated by survivors and deceased.

The age- and sex-related (affiliation) probabilities for
every risk group obtained from the AOK BW dataset are
illustrated in Fig. 2. We can see that the probability of

2 For the cohort of 0-year-olds, we use only total costs without divid-
ing them into cost groups.

3 Furthermore, the pharmaceutical expenditures in our dataset do not
include co-payments.
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incurring high costs is clearly dependent on age, especially
evident in risk groups 2—4. In risk group 1, the curve is
less steep, with exceptionally high costs compared to the
other groups. The observed swings in the cohorts of 14- to
21-year-old women in groups 4 and 5 are attributable to
contraceptives that are reimbursed by SHI in Germany for
these age groups.

The data set allows us to follow each insured over the
complete years 2010-2018. Thus, we can also track how
frequently risk classes are changed (or individuals die). The
transition probabilities for the survivors (as a weighted aver-
age over sex and age) as well as the share of decedents per
initial risk group and their average age are illustrated in
Table 1c. As the probability of changing the risk class is
constant across years, we use the average of the age-, sex-,
and risk group-specific 1-year transition probabilities
tpfé‘j’rg’+l and mortality rates mrf}é‘j’rgl+l from 2011 to 2018 in
the simulation. The transition probabilities of 0-year-olds
are estimated based on the risk group affiliations of 1-year-
olds. In the next step, all values are calibrated to the corre-
sponding years' life tables associated with the German
population®.

2.3 Scenarios

We use different scenarios, all presented in Table 2, to simu-
late the range of future drug spending in the German SHI.
The benchmark is a Status quo simulation, as often done in
the literature. In this scenario, the cost distribution per age
and sex of the projection's base year ("status quo") is linked
to the future demographic development of the population.
This implies that all rates by age and sex remain constant,
so the cross-sectional data are interpreted as longitudinal
data. In the second scenario (scenario Cost of dying), we
additionally distinguish between the sex- and age-specific
costs of survivors and decedents. As our population projec-
tion comes along with an increase in life expectancy, this
approach mimics the cost-of-dying theory (for the costs
occurring in the last half-year before dying).

In scenarios 3-5, we use the Markov model described
above to simulate future pharmaceutical expenditure. Sce-
nario 3 serves as our Baseline scenario, where we use the
transition probabilities tpfg’f’rg ] and the risk group-specific

1+

mortality rates ml‘r’; e, 1O model future pharmaceutical
121 St+1

spending. Since the mortality rates are calibrated to the mod-
erately increasing life expectancy assumed for the underly-
ing population, this results in a continuous gain in life

4 The aggregate claim data are determined in the pseudonymized
database environment of the AOK Baden-Wiirttemberg via SQL
scripts, resulting in only anonymized data being used for the model
calculations. Further calculations are executed using Microsoft Excel
and Matlab.
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Table 1 Study population characteristics and modeling assumptions
a. Study population characteristics 2018
Risk group Population percen-  Cost-share (%) Sex distribution Average age
tile (%

%) Women (%) Men (%) Women Men Total
1 Top 1 46 52.9 47.1 54.0 52.6 53.4
2 2-5 23 51.3 48.7 68.0 64.0 66.1
3 5-10 12 54.0 46.0 69.1 64.6 67.0
4 10-20 10 57.2 42.8 63.2 60.1 61.9
5 20-50 8 589 41.1 46.6 449 459
6 Bottom 50 1 47.1 529 353 33.7 345
Total 100 100 522 47.8 45.7 42.1 44.0
b. Average cost structure
Risk group Calibrated average daily costs 2019 Cost growth rates per year 2010-2018

Survivors Deceased Survivors (%) Deceased (%)
1 56.5 € 68.6 € 6.3 8.0
2 8.6€ 12.7€ 2.3 3.0
3 38¢€ 63¢€ 1.6 22
4 19¢ 45¢€ 1.1 1.8
5 0.6¢€ 47¢€ -02 4.2
6 0.1¢€ 34¢€ 1.0 1.6
Total 14¢€ 11.7¢€ 32 35
c. Average transition probabilities
Risk group year t  Risk group year ¢ + 1
1(%) 2 (%) 3 (%) 4 (%) 5 (%) 6 (%) Mortality
rate (%)

1 65.3 15.2 1.7 1.8 2.6 1.9 11.5
2 5.4 63.1 15.7 42 29 1.9 6.8
3 1.0 14.6 459 23.8 6.7 34 4.8
4 0.4 2.3 114 50.2 25.7 6.4 3.6
5 0.2 0.5 1.5 9.5 60.2 25.7 2.5
6 0.1 0.2 0.5 1.7 19.3 76.0 2.1

Source: Own data and depiction

expectancy for all cost groups. In scenarios 4 and 5, we also
show the impact of an uneven gain in life expectancy for
different risk groups. In scenario 4, Expensive ageing, the
high-cost groups 1-4 benefit from the increasing survival
rate. In contrast to this, in scenario 5, Inexpensive ageing,
the very low-cost groups 5 and 6 drive the increase in life
expectancy.

In all scenarios, we initially apply constant pharmaceuti-
cal costs over time (no pharma growth surplus). In a further
step, we consider uniform and finally risk group-specific
growth rates of per-capita pharmaceutical costs (pharma
growth surplus). For this purpose, we use the observed

average cost growth rates of our dataset from 2010 to 2018
(see Table 1b) less an alternative economic nominal growth
rate of 3% per year. The latter amount follows the annual
real gross domestic product (GDP) growth projected by the
European Commission [40] (1% per year) plus the European
Central Bank's inflation target [41] of 2% per year.

In addition to these five scenarios with three different
assumptions about future spending growth, we show in sen-
sitivity analyses how variations in transition probabilities
(which are not constant over time), the consideration of
future migration, and other assumptions about future alter-
native growth in the economy affect the results.
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Fig. 2 Initial affiliation probability in the different risk groups by age 2018. Source: Own data and depiction. Please note the varying axis scaling

3 Results

We first consider the results of a simplified projection of
the change of annual per-capita drug spending for the five
scenarios in which we neglect the case of future cost growth
due to pharma growth surplus (Fig. 3). The two dashed lines
in Fig. 3 show the extrapolations of the scenarios Status quo
and Costs of dying. Both scenarios lead to more or less the
same increase in pharmaceutical per-capita spending (€562
in 2019 [42]) of around 15% until 2060. The reason for this
increase is the upcoming aging of the German population.

The Baseline scenario of the Markov simulation, where
we take the risk group-specific mortality rates and transi-
tion probabilities into account, shows a moderately higher
increase in drug spending of around 25%. In all scenarios
so far, every risk group benefits equally from the assumed
increase in life expectancy. However, the question arises
whether new and high-cost therapies also lead to an increase
in life expectancy specifically for the group of high-cost
cases and, if so, what effect this would have on future drug
expenditures. We want to investigate this question more
closely regarding scenarios 4 and 5: in scenario 4, Expensive
ageing, only the high-risk groups 1-4 benefit from a gain
in life expectancy, which leads to a significantly stronger
increase in per-capita spending of almost 40%. The opposite
result can be seen in scenario 5, Inexpensive ageing, where
only the less cost-intensive groups 5—6 benefit from the gain
in life expectancy, resulting in a spending increase of only
about 17%.

In general, one can notice that the Markov modeling
predicts higher expenditure increases than the status quo
projection, even without any increase in life expectancy of
the high-risk groups. This illustrates the crucial difference
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between the two forecasting methods. In our Markov mod-
eling, we first define the six risk groups, followed by calcu-
lating age-related transition probabilities. Resultantly, the
high-cost groups 1-4 have a significantly higher age with
a mean of 63.6 years, compared to the risk groups 5 and 6
with 38.8 years. Thus, the further increase in high expen-
ditures in the high-cost groups due to their increasing age
has a decisive impact on total spending, especially in the
medium term. Only in the long run (after 2080) is this effect
compensated by higher mortality in these groups. A status
quo projection with a mere extrapolation of average values
cannot account for such determining socioeconomic charac-
teristics and may underestimate future spending especially
in the medium term.

So far, the results are based on the assumption of no
pharma growth surplus (compared to GDP per capita) in
the future. However, the cost growth rates presented in
the data section (Table 1) for the years 2010-2018 differ
significantly from zero. The consequence of a continuing
trend of cost increase is shown in Table 3 for all scenarios.
It depicts the projection results as a percentage change from
2019 to 2040 and 2060. The results using a uniform growth
rate for all cost-risk groups of 3.2% for survivors and 3.5%
for decedents are compared to the results using risk group-
specific growth rates. All scenarios are additionally based
on an assumed alternative nominal economic growth of 3%
per year.

We can see that even at a uniform growth rate, annual
per-capita spending on pharmaceuticals in Germany would
increase by 40% up to 2060 in our Baseline scenario. How-
ever, the gap between the extrapolations of per-capita spend-
ing by age and sex (1-2) and the Markov scenarios (3-5)
is even more prominent when applying risk group-specific
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Fig. 3 Projection proportional change of annual per-capita pharmaceutical expenditure in Germany up to 2060 (without consideration of cost

growth rates). Source: Own calculation and depiction

Table 3 Projected percentage change of annual per-capita pharmaceutical expenditure of the German population from 2019 to 2040 and 2060

Scenario 2040 2060
No cost growth  Uniform growth Risk group- No cost growth  Uniform growth Risk group-

rate across all risk specific growth rate across all risk specific growth
groups*® rates** groups* rates**

1. Status quo 11.9 17.5 17.5 15.2 274 274

2. Costs of dying 11.8 174 17.4 15.0 27.3 27.3

3. Baseline 20.3 26.8 44.0 25.8 399 121.2

4. Expensive ageing ~ 27.7 34.3 54.8 389 54.4 151.7

5. Inexpensive ageing 16.4 22.7 39.0 17.2 304 104.8

Source: Own calculation and depiction

*3.2% per year for survivors, 3.5% per year for decedents adjusted by an alternative economic growth rate of 3.0% per year

**Based on the calculated growth rates shown in Table 1 and adjusted by an alternative economic growth rate of 3.0% per year

growth rates in our model. The Baseline scenario of the
Markov model projects an increase of more than 40% already
by 2040. By 2060, pharmaceutical per-capita spending
would more than double, compared with an increase of only
about 27% in scenarios 1 and 2. The combination of increas-
ing life expectancy to the benefit of high-cost risk groups
1-4 and a continued trend in risk group-specific growth
leads to a pharmaceutical per-capita expenditure increase
by more than 150% in scenario 4, Expensive ageing.

To prove the robustness of our results, we provide addi-
tional sensitivity analyses in the electronic supplementary
material. First, we test the variance for a change in transition
probabilities over time and assume that the probability of
remaining in the same risk group increases or decreases by
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9% until 2060°. The probability of transitioning to one of the
other risk groups increases or decreases accordingly. With
a maximum deviation of 12.8 percentage points, the results
remain quite stable under these assumptions (see Table 4 in
the electronic supplementary material).

Our second sensitivity analysis concerns the effects of
migration movements on the projection results. For this
item, we use the medium-level migration scenario W2 of

5 In particular, some surviving cohorts in risk group 6 have a par-
tial probability of remaining in their risk group of over 91%. Conse-
quently, only a maximum 9.0% increase in the probability of remain-
ing in the same risk group seems reasonable.
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the official population projection [34] and postulate that the
221,000 assumed migrants per year have the same age- and
sex-specific characteristics as our study population. How-
ever, our results show only minor deviations of 10.1 per-
centage points at most (see Table 5 in the electronic sup-
plementary material).

Our third sensitivity analysis deals with different assump-
tions on the alternative economic growth rate. In addition to
our scenarios with a 3.0% alternative economic growth, we
calculate scenarios with 2.5% and 3.5%. An assumption of
3.5% economic growth implies that pharmaceutical per cap-
ita spending, on average, grows slower than the rest of the
economy. The effects are correspondingly strong, although
they are nevertheless overcompensated by demographic
development: even the assumption of 3.5% growth in con-
junction with the status quo scenario results in a positive
growth of pharmaceutical expenditures. On the other hand,
the scenario with economic growth of 2.5% shows that the
impact of the growth differential in pharmaceutical spending
is substantial, and in the most extreme case (scenario Expen-
sive ageing combined with risk group-specific growth rates),
pharmaceutical expenditures would triple compared to 2019
(see Table 6 in the electronic supplementary material).

4 Discussion

To our knowledge, this study is the first to project phar-
maceutical expenditures for Germany, considering different
cost-risk groups and their development on the medium- and
long-term horizon. We can show that although the probabil-
ity of incurring high drug spending depends significantly on
age, the key determinant of future expenditure growth is the
cost trend within the different risk groups, together with an
increasing life expectancy for high-risk groups. In contrast,
other demographic trends play a minor role in influencing
pharmaceutical expenditure growth. Especially the influ-
ence of mortality costs seems to have a smaller impact on
future pharmaceutical spending in comparison to other kinds
of healthcare expenditure (e.g., hospital services), as also
indicated by other studies (Kildemoes et al. [25] or Moore
et al. [43]). If the observed spending trend in the high-risk
groups continues, the German SHI must prepare for a sig-
nificant increase in pharmaceutical expenditure already in
the medium term.

There are only a few studies that can be compared with
our results. Boecking et al. [44] project the pharmaceutical
spending for Germany and France up to 2050, solely con-
sidering the demographic development in an extrapolation
of per-capita expenditures. For Germany, they calculate a
demographically driven increase in pharmaceutical spend-
ing of 26% from 2004 to 2050, which is comparable with

our results for the Status quo scenario. Our slightly lower
projected rate of increase is probably attributable to the
underlying population projection assuming a smaller pro-
portion of older people. Thiébaut et al. [17] use a similar
Markov simulation model to predict future drug spending
in France until 2029. Using an aggregate indicator of mor-
bidity—mortality, they model different scenarios of chronic
morbidity and forecast growth in pharmaceutical spending
for France between 33% (scenario healthy aging) and 55%
(scenario medical progress) by 2029. Kildemoes et al. [25]
project the Danish pharmaceutical expenditures from 2003
to 2030, also focusing on the effect of population aging. In
line with our findings, they arrive at nearly the same results
with and without accounting for the costs of dying, project-
ing an increase of 17.9% and 16.9%, respectively. They also
conclude that the predicted demographically driven increase
is small compared to recently observed increases in pharma-
ceutical expenditures. Morgan and Cunningham [26] reach
the same conclusion in their analysis and forecast of pre-
scription drug spending for British Columbia. Many studies
show that, instead, most of the past increases in drug spend-
ing stemmed from changes in therapies and in the amount of
prescriptions, as well as new pharmaceuticals [45]. Thus, not
only future demographic development needs to be consid-
ered for medium- and long-term forecasts, but also the influ-
ence of medical-technological progress and spending trends.

At the same time, there are certain limitations to our
results. Firstly, Markov models have a key limitation: their
lack of memory. That means that with each cycle, individu-
als' possible transitions depend only on their current state,
not on how they got to it [13, 46]. In our case, we assume
that the identified transition probabilities are age-dependent
and remain constant in the future. With regard to the cost of
dying, these model specifications imply a risk group-specific
probability of dying. It is possible, however, that there is
reverse causality, namely that high costs of dying lead to
higher risk classification.

Furthermore, the assumption of an ongoing pharma
growth surplus must be explored more in detail, as our
results show that spending trends in the area of high-
cost therapies have the greatest leverage effect regarding
future drug spending. Indeed, Newhouse [27] identified
medical-technological progress as the main cause of past
increases in healthcare spending, and many studies con-
firm that health spending in OECD countries is higher
than GDP growth [47, 48]. An overview of possible
reasons for this phenomenon can be found in Chernew
and Newhouse [49]. Meijer et al. [50] find the same
phenomenon for pharmaceutical spending in the Neth-
erlands. And in line with our findings, they show that
the high-cost cases treated with high-priced innovative
medicines are the main drivers of the disproportionate
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increase in drug spending. Schlander et al. [51] find
evidence of rising research and development costs for
new pharmaceuticals and particularly high development
costs for oncology drugs, which could contribute to this
development. Other studies also show that the amount
of cost-increasing innovations strongly varies between
different diseases [29, 52]. In turn, these are expected
to develop very differently within demographic change
[53, 54]. Thus, future pharmaceutical spending will be
influenced by several factors whose interaction should
be explored in more detail.

Despite the abovementioned limitations, we can derive
the following implications from our results. First, our analy-
sis shows that the choice of projection model significantly
impacts the forecast results. Even if the widely discussed
mortality costs are considered, status quo projections may
not adequately reflect the clear socioeconomic differences
of certain population groups. This leads to the second key
point: Future drug expenditures depend significantly on the
life expectancy and expenditure development of a specific
population group, namely the high-cost cases. Therefore,
additional research is needed on which population groups
are really driving the current increase in life expectancy to
better forecast future drug spending. Especially since a ben-
efit in longevity in the high-risk groups is associated with
enormous financial costs.

Whether the high level of spending on high-risk patients,
especially in the field of oncology [29, 51], leads to the
intended goals should be monitored more closely. In par-
ticular, the average gain in life expectancy determined in
clinical trials should continue to be assessed after approval
under real-life conditions. Especially because the high-
cost groups drive the identified excessive growth in drug
spending, which, if continued, would have an even greater
impact on future spending than rising life expectancy.
These observed over-proportional drug spending growth
rates, also identified in other studies [55], are influenced
not only by the upcoming amount of innovations and new
therapies but also by the pricing policies of the German SHI.
Thus, policymakers should question the current less restric-
tive requirements for the evaluation and reimbursement of
orphan drugs in Germany to ensure the sustainability of the
German healthcare system.® However, this is not a specific
German problem as the main driver of prices for orphan
drugs are European prices derived from healthcare systems,
which have not introduced specific incentives for orphan
drugs like Germany [11].

5 A new law passed in November 2022 ("GKV-Finanzstabi-
lisierungsgesetz") includes an item concerning this point [56].
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5 Conclusion

When forecasting pharmaceutical spending in the medium
and long term, particular focus should be placed on the small
group of high-cost patients responsible for a large share of
drug expenditures. If the current spending growth on high-
cost therapies continues, the German SHI must prepare itself
for a significant increase in pharmaceutical spending. Poli-
cymakers should address this with adequate pricing policies
in the orphan drug segment, also at the European level, and
increased monitoring under real-life conditions regarding
the impact of these therapies on life expectancy and quality
of life.
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