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(57) Abstract: The present invention relates to a method and system for calculating a suitability indicator which corresponds to a
suitability of a packaging system for packaging a substance, wherein a stability indicator which corresponds to a stability of the sub -
stance or of a component of the substance is determined as a function of at least one ambient condition, preferably the relative hu -
O midity and/or temperature of the environment of the substance (3), and the suitability indicator is calculated with at least one para-
meter relating to the ambient condition and with the stability indicator of the substance.



10

16

20

25

30

35

WO 2015/169439 PCT/EP2015/000918

Method and System for Calculating a Suitability Indicator

The present invention relates to a method and a system connected with the packaging of
substances, preferably tablets or other medicaments, particularly for ensuring a long
shelf life.

The present invention is hereinafter always described in connection with the packaging
of substances by means of a packaging system. Preferably, the substance is a medica-
ment. The medicament preferably comprises at least one active substance and/or an ex-
cipient. The medicament is preferably present as a solid, particularly in the form of a plu-
rality of discrete units, in the form of a loose dry compacted material, in the form of tab-
lets or in the form of capsules. However, the present invention is not restricted to the
packaging of medicaments. The present invention may also be used, and advantageous-
ly used, for identifying suitable packaging systems for a different substance or for deter-
mining properties, particularly storage properties, of a different substance when pack-
aged using a packaging system.

Therefore, the present invention is hereinafter generally described in connection with
substances and packaging systems for them, even though the example of the packaging
of medicaments, particularly tablets, is always in the foreground.

A packaging system in the sense of the present invention is or comprises a packaging, in
particular. A packaging system preferably also comprises steps or means for packing the
substance. The term "packaging system" may go beyond the packaging as such and
takes into account, in particular, the materials enclosed together with the substance in
the closure process, the development of heat, radiation or other influencing factors which
may possibly have an effect on the substance.

Substances, particularly medicaments or tablets, are regularly subject to an ageing pro-
cess. This may become evident from the fact that chemical quality parameters, for ex-
ample, a concentration of active substance, a change in the concentration of active sub-
stance, dissolving, decomposition or the like and/or physical quality parameters such as,
for example, properties connected with breaking force, disintegration or the like may
change.

In order to determine the stability of a substance in the packaged state, packaging stud-
ies are conventionally carried out in which the substance, particularly the medicament, is
exposed to different influencing factors in a primary package and in this way the suitabil-
ity of a packaging for the substance in question is determined experimentally under spe-
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cific external constraints. Thus, long-term tests are carried out in which the substance is
packaged and the side of the package remote from the substance is exposed to certain
climatic conditions or other constraints. However, it has been found that, because of the
multiplicity of possible packaging systems and the immense work and the processes,
some lasting several years, it may be very labor-intensive, expensive and tedious to de-
termine a combination of substance and packaging system which is suitable for an indi-
vidual case.

The aim of the present invention is therefore to provide a method and a system by
means of which the determination of a packaging system can be improved or speeded
up and/or made cheaper.

This aim is achieved by a method according to claim 1 or by a system according to claim
14. Advantageous further features are the subject of the subsidiary claims.

It is proposed that a suitability indicator is calculated which corresponds to the suitability
of a packaging system for packaging a substance.

The suitability indicator may, in particular, be or comprise: a development of an absolute
or relative water content of the packaged substance over time, an absolute or relative
water content of the packaged substance after a certain time, a degree of decomposition
or degradation or the proportion of unwanted decomposition products in the packaged
substance resulting from the change in the water content over time, the development of a
level of decomposition or degradation or the proportion of unwanted decomposition
products in the packaged substance resulting from the change in the water content over
time, preferably in a particular climate or climatic conditions determined on the outside of
the packaging or on the side of the packaging remote from the substance, an absorption
curve, for example a sorption isotherm, of the substance packaged with the packaging
system, particularly under pre-definable climatic ambient conditions, representing a water
content or a water uptake of the substance over time, or a degradation pattern deter-
mined therefrom, particularly by calculation.

The suitability indicator may be associated with a packaging or a packaging system. The
suitability indicator may be an allocation of specific packaging materials, amounts and/or
forms of packaging, desiccants and/or excipients such as desiccants as part of the sub-
stance or inside the packaging or in the same atmosphere or the same volume formed
by the packaging.
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The suitability indicator may preferably be or comprise a Boolean value or one or more
characteristics or parameters, particularly corresponding to materials, amounts and/or
forms of packaging, of desiccants and/or excipients such as desiccants as part of the
substance, optionally also corresponding to other process conditions such as tempera-
ture and ambient humidity in the manufacturing or packaging machine or the like.

In a departure from the previous method for testing different packaging systems by ex-
periment, suitability here is determined by computation. This advantageously enables dif-
ferent packaging systems to be evaluated for their suitability for packaging the substance
and to discard packaging systems, which are fundamentally unsuitable on this basis from
the outset and/or select fundamentally well-suited packaging systems. Alternatively or
additionally, more suitable packaging systems may be indicated, displayed or labeled.
For this purpose, suitability indicators of different packaging systems may be compared
with one another and/or with a threshold or target value. In this way, both the amount of
work and the time spent determining and verifying the suitability of a packaging system
for a substance can be improved.

According to an aspect of the present invention, which may also be implemented inde-
pendently, a stability indicator is determined which corresponds to a stability of the sub-

~stance or of a component of the substance. This is preferably carried out as a function of

at least one ambient condition, particularly (relative) humidity and/or temperature and/or
climate and/or (UV) radiation with a specific energy.

For example, the stability indicator comprises a value or parameter, which describes how
an active substance comprising the substance breaks down into a toxic product or be-
comes mechanically instable as a function of the water content of the substance, the
temperature and the time. Moreover, a maximum limit is preferably set, particularly as
part or parameter of the stability indicator. This maximum limit then constitutes the
threshold value, particularly a maximum absolute or relative quantity, of the decomposi-
tion product. Alternatively or additionally the maximum limit constitutes a threshold value
with regard to a mechanical stability, in particular shore hardness. The packaging deter-
mined according to the present invention can then ensure that the product remains below
this threshold value throughout the storage time (optionally including the in-use time).

The suitability indicator, which corresponds to the suitability of the packaging system for
packaging the substance, is preferably calculated with at least one parameter of the
packaging system relating to the environmental condition and with the stability indicator
of the substance. In particular, a humidity-related parameter of the packaging system,
particularly sorption data and/or permeation data, is used to calculate, estimate, predict
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or simulate the stability of the substance packaged by means of the packaging or pack-
aging system associated with the parameter, by means of the stability indicator, which
preferably characterizes the effect of moisture on the substance.

Preferably, stability-influencing properties of the substance, particularly a water content
and/or sorption characteristics and/or sorption capacity and/or sorption kinetics of the
substance, or a relevant parameter, are taken into consideration in calculating the suita-
bility indicator and/or form or forms a part of the stability indicator. Thus, in particular, the
suitability indicator, which corresponds to the suitability of the packaging system for
packaging the substance, is calculated with an indicator representing the stability-
influencing properties of the substance and preferably with at least one parameter of the
packaging system relating to the environmental conditions and/or with the stability indica-
tor of the substance.

Preferably, the stability indicator is determined independently of the packaging and/or the
parameter or parameters of the packaging system are determined independently of the
substance. In particular, the stability indicator corresponding to the stability of the sub-
stance is determined independently of a package or a packaging system. This stability
can subsequently be used to determine, preferably to calculate, suitability indicators or
suitabilities of packaging systems for packaging the substance. It is advantageously pos-
sible, by independent determination, to calculate the suitability indicator without having to
determine specific stability indicators for different packaging systems.

The calculation of the suitability or the suitability indicator preferably involves on the one
hand the stability indicator, which corresponds to the stability of the substance or of a
component of the substance and on the other hand at least one parameter of the pack-
aging system. Thus the stability indicator and the parameter of the packaging system to-
gether preferably form the basis for the calculation of the suitability indicator or the suita-
bility of the packaging system for packaging the substance. Advantageously, the stability
of the substance when packaged using the packaging system can advantageously be
calculated or predicted in this way. This advantageously makes it possible to select or
choose potentially suitable packaging systems and/or to discard fundamentally unsuita-
ble packaging systems without the need for measurements or experiments in which the
substance is tested after being packaged using the respective packaging system.

Preferably the stability indicator is determined, preferably measured, based on the prop-
erties of the substance. This is preferably done after the substance has been exposed to
certain, preferably constant, environmental conditions over a specific length of time in an
open or unpackaged state, hereinafter also referred to as an open storage study.
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The stability indicator is thus preferably determined independently of a packaging system
and particularly with the substance openly accessible or stored open. The advantage of
this is that ambient conditions such as the ambient temperature, (relative) humidity of the
environment or the like can be properly controlled or acts directly on the substance. In
this way, a model representing the stability of the substance can advantageously be pro-
duced by means of which stability properties of the substance can be replicated.

The stability is or preferably forms a model for the stability of the substance, preferably
taking account of one or more environmental conditions, particularly preferably as a func-
tion of the air humidity and/or temperature and/or climate and/or optionally the UV radia-
tion and preferably the time, period or duration of storage under the ambient conditions.

Preferably, the stability indicator comprises a plurality of stability indicator values, which
preferably correspond to properties of the substance after the substance has been ex-
posed to different ambient conditions, which are preferably constant for the particular
stability indicator value, and/or has been exposed over different specific time periods.
The stability indicator may thus have a plurality of stability indicator values. In particular,
the stability indicator is or comprises a matrix, a vector, a table, an allocation, a function,
range of functions, plane and/or hypersurface or some other arrangement of a plurality of
stability indicator values.

Preferably, the stability indicator or the hypersurface assigns at least one ambient condi-
tion to a (storage) time and to a degradation, degradation characteristic, or degradation
level.

The particular stability indicator value is preferably determined, particularly measured,
with the substance, which has been stored at constant ambient conditions, particularly at
a constant temperature and/or (relative) humidity and/or climate.

Preferably, different stability indicator values correspond to different time periods over
which the substance has been exposed to the environmental conditions, and/or corre-
spond to different environmental conditions.

In particular, different stability indicator values are thus determined under constant envi-
ronmental conditions for different periods of activity of the environment on the substance.
This is preferably done experimentally and/or by measurement.
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Preferably, a plurality of stability indicator values are determined, especially measured,
(exclusively) at different ambient temperatures. In this way the stability indicator may rep-
resent (exclusively) temperature-dependent stability characteristics of the substance.

Preferably, a plurality of stability indicator values are determined, particularly measured,
(exclusively) at different (relative) humidities. In this way, a stability can advantageously
be represented by the stability indicator as being (exclusively) dependent on the (rela-
tive) humidity of the environment / (directly) surrounding area of the substance.

Particularly preferably, the stability indicator comprises stability indicator values for dif-
ferent temperatures and for different relative humidities. Alternatively or additionally, the
stability indicator comprises stability indicator values for indicating a stability depending
on oxygen and/or solvent concentration or stability/degradation depending thereon.

Most particularly preferably, the stability indicator has stability indicator values for differ-
ent temperatures at different periods of time over which the substance has been ex-
posed, in open or unpackaged form, to the ambient conditions at the respective tempera-
ture. Alternatively or additionally, the stability indicator comprises stability indicator val-
ues for different relative humidities of the environment / (directly) surrounding area of the
substance for different defined periods of time over which the substance has been ex-
posed, in open or unpackaged form, to the ambient conditions with the different relative
humidities.

It is also particularly preferred if only one ambient condition, particularly only the temper-
ature or only the relative humidity of the environment/ (directly) surrounding area is var-
ied. In this way, the dependencies of different ambient conditions can advantageously be
determined independently of one another and used to calculate the suitability indicator.

In a preferred aspect of the present invention, a group of stability indicator values is de-
termined, wherein, in order to determine the group of stability indicator values, only the
relative humidity of the environment/ (directly) surrounding area of the substance is var-
ied and stability indicator values are determined for different periods of time over which
the substance has been exposed to the particular, preferably unchanging, ambient condi-
tion. In this way, groups of stability indicator value can be determined, particularly meas-
ured, by means of which the stability of the substance depending on the ambient condi-

tions and the length of time can be modeled in a reproducible and systematic manner.

In a preferred aspect of the present invention which may also be implemented inde-
pendently, a plurality or a group of stability indicator values are determined, the group of
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stability indicator values being determined by varying the temperature while keeping the
moisture level of the substance constant as the temperature is varied. For this purpose,
preferably the relative humidity of the environment/ (directly) surrounding area is adapted
such that the absolute quantity of water or the number of water molecules in the sub-
stance is kept constant. It has advantageously been found that under these conditions
the change in stability of the substance is caused exclusively by the temperature, as the
influence of the moisture depends on the number of reactants in the form of water mole-
cules. By adapting the relative humidity, preferably increasing or adapting the relative
humidity while raising the temperature, it is ensured that the changes in the stability of
the substance are dependent only on the change in temperature. It is also preferable if
stability indicator values are determined for different periods of time over which the sub-
stance has been exposed to the particular, preferably unchanging, ambient condition. In
this way, groups of stability indicator values can be determined, particularly measured,
by means of which the stability of the substance as a function of the ambient conditions
and the period of time can be modeled in a reproducible and systematic manner. Alterna-
tively, however, the relative humidity or the absolute humidity may also be kept constant.

In an aspect which can also be implemented independently, the present invention relates
to the determination of a stability indicator or a model for the stability of the substance,
wherein the stability of the substance is determined as a function of different ambient
conditions, preferably the relative humidity (at a particular, preferred constant or unvary-
ing temperature, the term relative humidity according to the present invention preferably
being replaceable with saturation vapour pressure or vice versa) and/or the temperature
of the immediate environment / (directly) surrounding area of the substance, in particular
by varying in each case only the relative humidity and the temperature with the relative
humidity adjusted, so that the quantity of water in the substance remains constant, or by
varying the length of time over which the substance is exposed in open or unpackaged
form to the ambient conditions. The other details, which are described hereinbefore and
hereinafter in connection with stability indicators, constitute preferred embodiments of
this aspect, which can also be implemented independently.

The suitability indicator, which preferably corresponds to the suitability of a packaging
system for packaging the substance, preferably represents or predicts the stability of the
substance when packaged using the packaging system. The suitability indicator is thus
preferably suited, configured or designed, to make it possible to evaluate the suitability of
the packaging system for the substance. The suitability indicator may take account of, or
make it possible to take account of, ambient conditions, which can be expected on the
side of the packaging remote from the substance. Advantageously, in this way, it is pos-
sible to evaluate the suitability of a packaging system for a substance, or vice versa, as a
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function of the global markets for the packaged substance. Consequently, it is possible to
select potentially suitable packaging systems for the substance or vice versa, above all
without the need to carry out experiments.

The suitability indicator may comprise a plurality of suitability indicator values which cor-
respond to properties of the substance or predict properties of the substance after the
substance has been stored as packaged using the packaging system, particularly over
different defined periods of time and/or under defined external influences.

Consequently, the suitability indicator preferably replicates the stability characteristics of
the substance in its packaged state. Accordingly, different

packaging systems can be compared and evaluated, using or by means of the suitability
indicator, as to whether the stability requirements are met or can be met.

The suitability indicator is preferably calculated by extrapolating, interpolating and/or pre-
dicting the behavior when the substance is packaged using the packaging system, with
the stability indicator and with the parameter or parameters of the packaging system.
Thus the calculation preferably mathematically links the preferably packaging-
independent stability indicator with the preferably substance-independent parameter(s) of
the packaging system so as to calculate the stability of the substance during storage af-
ter packaging with the packaging system.

Preferably, the suitability indicator is calculated by simulating the stability of the sub-
stance in the packaged state. It is preferable if the stability indicator of the substance and
the parameter of the packaging system form input variables for a simulation of this kind.
A simulator may be provided which determines or calculates an environment obtained
within the packaging, with corresponding environmental characteristics, using the proper-
ties of the packaging system, which may be represented by the parameter of the packag-
ing system. Moreover, the interactions between the substance arranged in the package
and the environment for the substance resulting from the substance and the properties of
the packaging are preferably determined, particularly taking account of any interactions
or the effect of the substance on its environment and taking account of the influence of
the packaging on the environment / (directly) surrounding area of the substance.

Thus, colloquially speaking, a microclimate in the packaging is calculated taking into ac-
count the relevant influencing factors, and conclusions are drawn using the stability indi-
cator as to the effects on the stability of the substance.



10

15

20

25

30

35

WO 2015/169439 PCT/EP2015/000918

The suitability indicator and/or the stability indicator preferably correspond at least to a
degradation characteristic or degradation tendency of the substance, preferably to a deg-
radation characteristic or degradation tendency dependent on the ambient conditions.
This may relate to a physical degradation of the substance, for example, a reduction in
the breaking strength or the like. Alternatively or additionally, it may be a chemical deg-
radation characteristic or tendency, for example a loss of active substance.

The suitability indicator and/or stability indicator may correspond to a chemical stability of
the substance or of a component of the substance, particularly a dissolution or decom-
position, and/or the mechanical stability (of the formulation) of the substance, particularly
a breaking force or a tendency to disintegration or a degree of disintegration and/or to
the stability of distribution of different ingredients in the substance. Preferably, the suita-
bility indicator and/or the stability indicator corresponds both to a physical and to a chem-
ical stability of the substance when the substance is packaged using the packaging sys-
tem. In this way the suitability of a packaging system for the substance can be evaluated
much more precisely.

In an aspect of the present invention, which may also be implemented independently, the
suitability indicator and/or the stability indicator simultaneously correspond to a chemical
and a mechanical stability of the substance. It is clear, from the example of the sub-
stance in the form of a medicament in tablet form, that the suitability of a packaging sys-
tem both depends on the fact that the tablet remains mechanically intact when taken, i.e.
is not fragmented, and on the other hand also remains chemically intact, i.e. the concen-
tration of active substance is still sufficient and no harmful substances have formed. The
suitability indicator and/or the stability indicator preferably takes account of both chemical
and mechanical stability properties of the substance. Consequently, the suitability indica-
tor and/or the stability indicator makes it possible to carry out comprehensive evaluation
or selection of suitable packaging systems for a substance, while avoiding the possibility,
during subsequent experimental verification, that the packaging system is unsuitable for
packaging the substance because of criteria for the stability of the substance which have
not been taken into account and consequently leading to unnecessary additional experi-
mental investigations.

A (variable) ambient condition is or is determined preferably by a humidity, particularly a
(relative) humidity and/or a temperature, particularly an ambient temperature, or has one
such. However, it is also possible for other or additional (variable) ambient conditions to
be used or taken into consideration. For example, the irradiation of light, UV other radia-
tion may be or constitute an ambient condition. However, other ambient conditions are
also alternatively or additionally possible. Preferably, however, at least the relative hu-
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midity and the temperature are taken into account or are variable for determining the
stability indicator and/or as a basis for the parameter of the packaging system and/or to
calculate the suitability indicator. Under constant ambient conditions, preferably, ambient
conditions, which have not been explicitly stated, or other such conditions are kept con-
stant or are invariable.

The packaging system is preferably characterized by means of at least one and prefera-
bly several parameters. Preferably, the permeation rate and/or the sorption rate and/or
the sorption capacity and/or sorption kinetics of a packaging material, and particularly
each form a parameter of the packaging system.

The permeation here preferably represents the possibility of the ingress and egress of
moisture or substances through the packaging material, particularly as a result of or in
the event of concentration gradients. Preferably, the permeation is based on the diffu-
sion, particularly of water vapor. The permeation or diffusion depends particularly on the
difference in concentration in water or water vapor between an inner space and the sur-
roundings of a package.

The sorption or sorption capacity of the packaging system represents the storability of
the packaging material for moisture or substances and may represent an ingress of
moisture during packaging or during the packaging process.

It may be taken into account that the packaging material as such may contain moisture
or moisture can enter the packaging during the packaging process. Alternatively or addi-
tionally, desorption properties may also be taken into account or form a parameter of the
packaging system.

The packaging system is thus preferably characterized or modeled by means of at least
one but preferably a number of parameters and/or by means of parameters relating to
the introduction of moisture during storage/permeation and/or the introduction of mois-
ture during packaging/absorption. The parameters of the packaging system may repre-
sent or form a model of the packaging system, at least in respect of the moisture ingress
and/or egress.

It is particularly preferable for the stability indicator to have a plurality of stability indicator
values relating to different ambient conditions and for the calculation of the suitability in-
dicator to be calculated with these stability indicator values and with a plurality of param-
eters of the packaging system relating to the specific ambient conditions, while the pa-
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rameters of the packaging system may represent characteristics of the packaging system
with regard to different ambient conditions.

In another aspect of the present invention which may also be implemented independent-
ly, one or more packaging systems for a substance is or are selected, while a suitability
indicator for the at least two different packaging systems is calculated by the proposed
method. The suitability indicators calculated are preferably compared with one another
and/or with at least one target value. Preferably, using the results of the comparison, one
or more of the packaging systems is or are selected and/or discarded automatically, indi-
cated by an indicator or displayed, particularly printed out, or sent in the form of an elec-
tronic message or stored. In this way a time-saving fully automatic pre-selection of poten-
tially suitable packaging systems for a particular substance can be obtained.

Another aspect of the present invention which can also be implemented independently
relates to a system for calculating a suitability indicator which corresponds to the suitabil-
ity of a packaging system for packaging a substance, the system being configured to car-
ry out the proposed method. Corresponding advantages can be achieved in this way.

Preferably, the system comprises an input device for inputting a stability indicator of a
substance as a function of at least one ambient condition. In particular, the inputting de-
vice may be a measuring device.

The measuring device may be configured to measure the stability indicator or one or
more stability indicator values. For this purpose the measuring device may be configured
to carry out chemical and/or physical analysis.

In particular, the measuring device is and/or comprises: a device for determining the me-
chanical stability, breaking force or the like, a mass spectrometer or other analyzer for
determining the chemical composition or a fraction or an absolute quantity of a compo-
nent of the substance, particularly the active substance in the case of a drug, a moisture
meter for determining the water content of the composition or the like.

Preferably, the system also comprises a calculating or computing device for calculating
the suitability indicator with at least one parameter of the packaging system relating to
the ambient condition and with the stability indicator of the substance.

The system preferably comprises a packaging system database in which at least one pa-
rameter specific to a packaging system, and preferably a plurality of parameters which
are specific to a plurality of packaging systems are stored or deposited.
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The calculating device is preferably configured to read out the parameter or parameters
from the packaging system database in order to calculate the suitability indicator and to
link it to the stability indicator mathematically, particularly in such a way that the stability
of the substance packaged using the packaging system and/or the suitability of the
packaging system for packaging the substance is or can be calculated.

It is preferred that the suitability indicator is calculated independently of the packaging
system and/or by storing the substance in the unpackaged state. Alternatively or addi-
tionally, the parameter relating to the ambient condition corresponds to a sorption char-
acteristic / comprises sorption data and/or corresponds to a permeation property / com-
prises permeation data of the package or packaging material of the packaging system.

Preferably the ambient condition of the substance being packaged in the packaging sys-
tem is calculated. The ambient condition of the substance packaged in the packaging
system preferably is calculated with the at least one parameter of the packaging system
relating to the ambient condition, and the suitability indicator is calculated with the ambi-
ent condition that has been calculated. Thus, ambient conditions resulting inside the
package are determined and used to determine the stability of the substance, represent-
ed by the stability indicator.

A further aspect of the present invention, which can be realized independently as well,
relates to calculating a suitability indicator, which corresponds to a suitability of a packag-
ing system for packaging a substance, preferably a development over time of the uptake
of water by the substance packed by means of the packaging system and/or a develop-
ment over time of a degradation of the substance packed by means of the packaging
system, wherein the suitability indicator is calculated on the basis of a stability indicator
which corresponds to a physical and/or chemical stability of the substance or of a com-
ponent of the substance, on the basis of sorption characteristics of the substance and on
the basis of sorption data and permeation data of a package or packaging material of the
packaging system.

It is particularly preferred that the parameters of the packaging system or the packaging
material of the packaging system, preferably together with sorption characteristics or
sorption data of the substance or parameters corresponding thereto, form a model, over-
all model, preferably a permeation model or a part thereof, in the following alternatively
referred to as SynPD model or SynPD concept. SynPD means Synergy in Package and
Product Development, which preferably is or comprises a particular method, (simulation)
model, and/or system.
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Using the model, ambient conditions of the substance packaged in the packaging system
are calculated. In particular, using the ambient conditions calculated for the substance
packaged in the packaging system, an influence on the substance, preferably a devel-
opment over time, particularly of an uptake of water or of a water content of the sub-
stance, is or are calculated. The suitability indicator is calculated using the model and/or
the calculated influence of the calculated ambient conditions on the substance, prefera-
bly based on the stability indicator.

According to a further aspect of the present invention, sorption characteristics and/or the
stability indicator of the substance are determined independently of the sorption data and
permeation data of the package V or packaging material of the packaging system. Alter-
natively or additionally, that sorption data and permeation data of the package or packag-
ing material of the packaging system are determined independently of the sorption char-
acteristics and/or the stability indicator of the substance.

A further aspect of the present invention, which can be realized independently as well,
relates to amethod for selecting and/or automatically determining one or more packaging
systems for a substance, particularly a medicament, wherein a packaging system is de-
termined or selected and/or the suitability indicator is calculated using a model having at
least permeation data and sorption data of a package or one or more packaging materi-
als of the packaging system and sorption characteristics of the substance or correspond-
ing parameters.

Preferably, a combination of packaging material or packaging materials and the geomet-
ric shape of the packaging material(s) forming the package is selected or determined,
preferably so that the combination is suitable for packaging the substance and enables
subsequent storage to take place under certain climatic conditions over a given period of
time without any degradation of the substance exceeding a certain threshold when
stored under these conditions in the packaged state.

In particular, the packaging system and/or the package is or are characterized at least by
the chemical composition of one or more packaging materials and by a geometric shape
of the packaging material or materials and, preferably, also by process conditions of the
packaging process or its effects on the substance and/or the packaging materials and/or
by the atmosphere enclosed together with the substance during the packaging process.

The package and/or the packaging material can be characterized by its chemical compo-
sition and a geometric shape, while preferably sorption data and permeation data of the
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package or packaging material take account of both the chemical composition and the
geometric shape.

Preferably, sorption data and/or sorption characteristics comprise, or are represented by,
sorption isotherms or sorption capacities. Further, preferably, permeation data comprise,
or are represented by, a permeability or permeation rate, particularly in respect of water.

A further aspect of the present invention, which can be realized independently as well,
relates to a system for calculating a suitability indicator which corresponds to a suitability
of a packaging system for packaging a substance, and/or for selecting and/or automati-
cally determining one or more packaging systems, the system being configured to carry
out a method according to the present invention.

A further aspect of the present invention, which can be realized independently as well,
relates to a method for determining a stability indicator which corresponds to a physical
and/or chemical stability of a substance or of a component of the substance, wherein the
physical and/or chemical stability depends on multiple stability influencing factors / ambi-
ent conditions, wherein the stability indicator is determined depending on one particular
of the stability influencing factors and/or ambient conditions while further or the remaining
stability influencing factors and/or ambient conditions are kept unvaried.

In particular wherein the stability influencing factors or ambient conditions comprise or
consist of comprise a relative humidity of the ambient or atmosphere being in direct con-
tact with the substance, and/or an absolute water content of the substance, and/or the
temperature of the substance.

Preferably, the stability indicator is a function and is determined depending on time, pref-
erably, thus the stability indicator indicating a physical and/or chemical stability of the
substance or of a component of the substance as a function of both time and the particu-
lar one of the stability influencing factors, in particular wherein the function is expressed,
expressable, interpolated and/or interpolable as a hypersurface, and/or is unique, in par-
ticular one-to-one.

The stability indicator for a particular point in time preferably is calculated by means of
determining a progress or function of the particular stability influencing factor over time
and projecting the progress or function of the stability influencing factor to or substituting
it in the stability indicator.
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An influence on the substance of the ambient conditions - relative humidity of atmos-
phere being in direct contact with the substance and temperature - are determined inde-
pendently of one another, preferably by storing the substance at varying relative humidity
while keeping the temperature unvarying and/or by storing the substance varying the
temperature while keeping the absolute water content of the substance unvarying or
compensating for any influence of water variation on the stability of the substance.

A further aspect of the present invention, which can be realized independently as well,
relates to determining a packaging system, the packaging system comprising a package
or at least one or more packaging materials for packaging a substance, wherein a per-
meation behavior of the packaging material in a particular shape for packaging the sub-
stance (3), in particular a deep drawn shape, is determined and/or considered.

A further aspect of the present invention, which can be realized independently as well,
relates to determining a packaging system, the packaging system comprising a package
or at least one or more packaging materials for packaging a substance, wherein

sorption data and/or a water content of the packaging material is or are considered, pref-
erably in addition to sorption characteristics and water content of the substance.

A further aspect of the present invention, which can be realized independently as well,
relates to determining a packaging system, the packaging system comprising a package
or at least one or more packaging materials for packaging a substance, wherein a suita-
bility indicator is determined and/or considered.

A further aspect of the present invention, which can be realized independently as well,
relates to determining a packaging system, the packaging system comprising a package
or at least one or more packaging materials for packaging a substance, wherein a stabil-
ity indicator (3) according to the present invention is determined and/or considered.

A further aspect of the present invention, which can be realized independently as well,
relates to determining a packaging system, the packaging system comprising a package
or at least one or more packaging materials for packaging a substance, wherein

a chemical structure of the packaging material, and/or geometrical properties of the
packaging material, and/or preconditioning requirements for the packaging material,
and/or preconditioning requirements for the substance, and/or an amount of drying
agents to be placed inside the package (V) together with the substance (3), and/or an
amount of auxiliary materials being part of substance (3) or which is to be placed inside
the package (V) together with the substance (3) is or are considered and/or determined,
preferably calculated based on a model (15) and/or with a simulation environment, auto-
matically, and/or iteratively.
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A further aspect of the present invention, which can be realized independently as well,
relates a simulation environment for determining a packaging system for packaging a
substance and/or for determining a suitability of the packaging system to achieve a pre-
set stability of the substance when packaged with the packaging system, in particular
represented by a stability indicator, characterized in that the simulation environment is
configured to carry out the steps of one or more methods according to the present inven-
tion.

A further aspect of the present invention, which can be realized independently as well,
relates to determining a stability indicator which corresponds to a physical and/or chemi-
cal stability of the substance or of a component of the substance, wherein a set of multi-
ple samples of the substance are examined at the same time under different ambient
conditions.

Particularly preferably, a particular one or more of the samples of the substance is or are
exposed to conditions where a minimum stability of the samples of the sample set can be
expected.

In particular, a maximum temperature within the sample set, and/or a maximum relative
humidity within the sample set, and/or a maximum light or UV radiation within the sample
set, and/or further maximum or worst case stability influencing factors within the sample
set is or are applied to the particular one or more of the samples of the substance.

According to a preferred aspect of the present invention, one or more of the particutar
one or more samples is examined at several subsequent time-points until a stability deg-
radation of the particular one or more samples or a degradation exceeding a limit is de-
termined.

Preferably, only after this determination of degradation of the particular one or more
samples or a degradation exceeding a limit, one or more of the further samples of the set
are examined as well.

This provides the advantage of reducing the effort for examining samples and the num-
ber of samples needed to be stored under particular conditions can be reduced. Thus,
less climate chambers, storage areas and energy are required. Thus, the stability indica-
tor can be determined more efficiently.
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A further aspect of the present invention, which can be realized independently as well,
relates to a computer-readable storage medium or computer program product comprising
program code means which when executed are configured to carry out the steps of the
method of the present invention.

The various aspects of the present invention may be implemented and advantageous
both individually and in any desired combination with one another.

Further aspects, advantages and properties of the present invention will become appar-
ent from the claims and the following description of an embodiment exemplifying the pre-
sent invention by reference to the drawings, wherein:

Fig. 1 a system for calculating a suitability indicator;

Fig. 2 a diagram by way of example for determining the stability indicator in the
proposed manner;

Fig. 3 a diagram of the proposed method,;

Fig. 4 a package;

Fig. 5 a part of the package from Fig. 4,

Fig. 6 another part of the package from Fig. 4; and
Fig. 7 a sorption diagram.

In the description that follows, the same reference numerals are used for identical or sim-
ilar parts where identical or similar advantages or properties can be achieved, even
though the description has not been repeated.

Fig. 1 shows a system S for calculating a suitability indicator 1 which corresponds to the
suitability of a packaging system 2 for packaging a substance 3.

A stability indicator 4 preferably corresponds to a stability of the substance 3 or a com-
ponent thereof. The stability indicator 4 is preferably determined as a function of at least
one ambient condition 5, preferably a specific relative humidity and/or a specific tempera-
ture of the environment of the substance 3, preferably while maintaining a constant abso-
lute moisture level of the substance 3.
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The ambient condition § alternatively or additionally is an oxygen concentration and/or a
solvent concentration, an (UV) radiation level or the like.

According to one aspect of the present invention the suitability indicator 1 can be calcu-
lated using the stability indicator 4 and at least one parameter 6 of the packaging system
2. For this purpose it is preferable if the stability indicator 4 is linked to the parameter 6 of
the packaging system 2 by means of a mathematical link 7. This is preferably done by
means of a calculating device, a computer, a microcontroller or the like.

Preferably, the link 7 is made such that, starting from the ambient condition 5 on which
the stability indicator 4 is based, conclusions can be drawn as to corresponding ambient
conditions which arise when the substance 3 is packed using the packaging system 2 in-
side the package V in the region of the substance 3.

Using the link 7, the suitability indicator 1 is preferably calculated which corresponds to a
suitability of the particular packaging system 2 for packing the substance 3.

The substance 3 is preferably a medicament, particularly with at least one active sub-
stance and/or at least one excipient. The substance 3 is preferably present as a solid. Al-
ternatively or additionally, however, the substance 3 may also be or comprise a liquid,
suspension or the like.

The substance 3 is preferably present in the form of a plurality of discrete units. The sub-
stance 3 is preferably characterized in the form of these several discrete units orin the
form in which the substance is to be packed.

Preferably, for determining the stability indicator 4, the substance 3 is characterized in a,
particularly physical, form or presentation, particularly tablet form, which is identical to
the form in which the substance 3 can be packed using the packaging system 2.

In the embodiment shown, the substance 3 is present in the form of dry compacted ma-
terial, in the form of tablets or in the form of capsules. However, other solutions are also
possible.

According to an aspect of the present invention which can also be implemented inde-
pendently, it is envisaged that, for determining the stability indicator 4, the substance 3 is
exposed, in the open or unpackaged state, to a specific ambient condition 5 over a given
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or specified length of time. For this purpose the system S may comprise a climate-
controlled apparatus 8 or the like.

The climate controlled apparatus 8 may be configured to adjust and/or keep constant at
least the temperature and/or relative humidity in a chamber of the climate controlled de-
vice 8. The substance 3 is preferably arranged in the climate controlled device 8 or in the
chamber thereof and is exposed in the open state, over a certain length of time, to at
least substantially constant ambient conditions 5, particularly preferably a constant tem-
perature and/or a constant relative humidity. This has the advantage that the stability in-
dicator 4 thus determined can operate as a model or that, on the basis of the stability in-
dicator 4, stability properties can be determined or extrapolated as a function of specific
constraints or ambient conditions.

Alternatively or additionally, however, it is also possible for the substance 3 to be ex-
posed to certain developments of the ambient condition 5. In particular, it is possible for
the substance 3 to be exposed in the open state to a certain development of one or more
of the ambient conditions 5. For example, the temperature and/or the relative humidity of
the ambient condition 5 may be varied in a gradient, alternately or the like and/or over a
certain period of time. However, this is preferably done in addition to investigations on
the substance 3 which is exposed in the open state over a defined period of time to at
least substantially constant ambient conditions 5, particularly preferably a constant tem-
perature and/or a constant relative humidity.

After the substance 3 has been exposed to the ambient condition 5 over the defined
length of time, the properties or changes in the properties of the substance 3 are prefer-
ably characterized or determined, particularly measured.

The system S may comprise a measuring device 9 for determining chemical and/or phys-
ical properties of the substance 3. In particular, the system S may comprise a measuring
device 9 for measuring the mechanical stability or breaking force. Alternatively or addi-
tionally, the system S may comprise a measuring device 9 for determining chemical pa-
rameters 6, particularly a measuring device 9 for determining absolute or relative quanti-
ties of ingredients of the substance 3. Particularly preferably, the system S is configured
to determine an amount of active substance in a medicament.

The measuring device 9 is preferably configured to display the physical and/or chemical
properties of the substance 3 as a stability indicator 4. The stability indicator 4 may be
stored, intermediately stored or filed in an optional database 10 or by some other meth-
od. Alternatively or additionally, the stability indicator 4 is further processed directly or
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combined or linked, particularly mathematically, with parameters of the packaging sys-
tem 2 to form a common model.

Particularly preferably, the stability indicator 4 represents a behavior of the substance 3
as a function of the ambient condition 5 and/or the time. The stability indicator 4 is pref-
erably a model, particularly at least with regard to the changes in the substance 3 in re-
spect of its physical and/or chemical properties as a function of a storage period under
specific ambient conditions 5.

The determining of the stability indicator 4 or the modeling of the physical and/or chemi-
cal behavior of the substance 3 in the unpackaged state of the substance 3 or inde-
pendently of a packaging system 2 constitutes an aspect of the present invention which
can also be implemented independently.

Preferably, the stability indicator 4 comprises a plurality of stability indicator values 11.
The stability indicator values 11 preferably correspond to physical and/or chemical prop-
erties of the substance 3, after the substance 3 has been exposed in the open state to
the ambient conditions 5 over a defined period of time.

According to one aspect of the present invention it is preferable if the ambient conditions
5 are kept constant for the stability indicator value 11 in question or if the ambient condi-
tions 5 are invariable in order to determine a stability indicator value 11.

It is also preferable if a plurality of stability indicator values 11 are determined while, for a
second of the stability indicator values 11, compared to a first of the stability indicator
values 11, only one ambient condition 5 is changed, particularly the relative humidity of
the environment of the substance 3, and the substance 3 is exposed unaltered to the
changed ambient conditions 5 over a certain length of time. It is also preferable if the
ambient conditions 5 are kept constant or unchanged over the period of time. Then cor-
responding stability indicator values 11 can be determined or measured.

In an aspect which can also be implemented independently it is preferable if a plurality of
stability indicator values 11 are determined, while for a second one of the stability indica-
tor values 11, by comparison with a first of the stability indicator values 11, the tempera-
ture is changed while the water content in the substance is kept constant. For this pur-
pose the relative humidity of the environment of the substance 3 is adapted so that in
spite of the change in temperature an equilibrium is established between water mole-
cules entering and exiting the substance 3 preferably such that the absolute water con-
tent of the substance 3 remains unchanged. The substance 3 is preferably exposed to
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the altered ambient conditions 5 over a certain length of time without changing. It is also
preferable if the ambient conditions 5 are kept constant or are unchanged over the length
of time. Then corresponding stability indicator values 11 can be determined or measured.

In the aspect which can be implemented independently, relating to the determination of
the stability indicator 4 or the modeling of the substance behavior, it is thus particularly
preferable to determine, particularly to measure the substance 3, in an open storage
study, stability properties or stability indicator values 11 which are different over one or
more different periods of time but remain constant for the respective measurement.

Fig. 2 shows in connection with this a preferred diagram by means of which stability indi-
cator values 11, in particular, can be determined.

The first two lines relate to tests or series of tests in which the substance 3 is exposed to
certain ambient conditions 5. Between the individual experiments, each represented by a
field, preferably only one ambient condition or only the temperature is changed while the
water content of the substance 3 remains constant. The first line relates to the changes
in the relative humidity at a constant temperature of 25°C. However, other temperatures
may also be chosen, particularly as a function of the later ranges of use of the substance
3 packaged by means of the packaging system 2 or other preconditions.

A first experiment (second field in the first line) can be carried out at a first temperature
and at a first relative humidity, in this case at 25°C and at less than 1% relative humidity.
For a second experiment the relative humidity may be selected to be different from that
in the first experiment and, in this example, at 20% relative humidity. Other experiments
may be carried out at a constant temperature and other relative humidities, in the exam-
ple shown at 40% relative humidity and 60% relative humidity. In this way it is possible to
obtain a series of measurements or a group of stability indicator values 11, with only the
relative humidity being varied in terms of the ambient conditions 5. In this way the effect
of humidity alone can be determined or characterized, i.e. the effect of changing the rela-
tive humidity while keeping the temperature constant.

It is also preferable if experiments are carried out at a second temperature which is dif-
ferent from the first temperature. In the embodiment shown the second line relates to
measurements or a series of measurements at an altered temperature of 40°C, in partic-
ular. However, a different temperature may also be used.

One particular feature of the present invention is that, for measurements at an altered
temperature, the water content of the substance is kept constant. It is thus preferable to
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carry out further measurements or to determine further stability indicator values 11 at a
second temperature different from a first temperature, while the water content of the sub-
stance 3 is kept constant in comparison to a corresponding measurement at a first or
other temperature, in this case 25°C. This makes it possible to draw conclusions as to
the effects of temperature alone. By means of corresponding measurements with the
same absolute quantity of water in the substance 3 and different temperatures, the effect
on the stability of the substance 3 can be determined, which depends exclusively on the
change in temperature. Alternatively or additionally, however, it is also possible to carry
out series of measurements in which the relative or absolute humidity is kept constant
while tests are carried out at different temperatures.

Overall, it is preferable if the stability indicator 4 has a plurality of stability indicator values
11, each corresponding to the same temperature. Alternatively or additionally, it is pref-
erable if the stability indicator 4 has a plurality of stability indicator values 11 which corre-
spond to the same absolute quantity of water in the substance 3. Most particularly pref-
erably, the stability indicator 4 comprises at least a few stability indicator values 11 cor-
responding to the same temperature and/or at least a few stability indicator values 11
corresponding to the same absolute quantity of water in the substance 3. In this way the
stability characteristics of the substance 3 depending on the temperature and/or humidity
can advantageously be modeled independently of one another.

The respective stability indicator values 11, experiments or measurements may corre-
spond to one or more different periods of time over which the substance 3 is exposed to
the respective ambient conditions 5. It is preferable if the stability indicator values 11 at
the different temperatures and/or humidities at a constant temperature correspond to the
same period of time. If a number of different periods of time are provided it is particularly
preferable if the respective stability indicator values 11 at the different temperatures
and/or humidities and at constant temperature comprise information corresponding to
identical periods of time.

In the specific embodiment it may thus be envisaged that, with reference to this, the sub-
stance 3 is stored open at a temperature of 25°C and a relative humidity of less than 1%
initially over a first period of time, for example 3 months, and secondly over a second pe-
riod of time, for example 6 months, and corresponding stability indicator values 11 are
determined. The same may be done at a different relative humidity, for example 20%,
and/or at a different temperature, for example 40°C. Particularly preferably, at least three
different periods of time or measuring intervals are used, with constant ambient condi-
tions 5, particularly at constant temperature and absolute or relative humidity of the envi-
ronment of the substance 3, and/or stability indicator values 11 are determined for them.
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As already mentioned previously, the stability indicator 4 may be filed in a database. Al-
ternatively or additionally, it may be a file, a matrix structure, a vector or the like. The
stability indicator 4 may alternatively or additionally also form a distributed structure or
comprise a plurality of not necessarily correlated stability indicator values 11. The stabil-
ity indicator values 11 may also be generated, filed, stored or processed individually or
independently of one another. Preferably, even in cases where the stability indicator val-
ues 11 are not stored in a directly correlated manner or form a unified file, the term stabil-
ity indicator 4 is still used. However, a stability indicator 4 is preferred which has a struc-
ture that takes account of a shared characteristic, particularly the stability indicator val-
ues 11.

Preferably, the stability indicator 4 comprises several groups of stability indicator values
11. These groups may contain information corresponding to different time periods over
which the substance has been exposed to the respective, preferably invariable, ambient
conditions.

A group of stability indicator values 11 of this kind corresponds particularly to a fixed
temperature and a fixed moisture content of the environment at different periods of time
over which the substance is exposed to the respective, preferably invariable, ambient
conditions.

The stability indicator 4 preferably comprises, alternatively or additionally, one or more
groups of stability indicator values 11, the stability indicator values 11 corresponding to
different temperatures, while the moisture level of the environment or the water content
of the substance 3 and/or the period of time over which the substance has been exposed
to the respective ambient condition, are unchanged.

Alternatively or additionally, the stability indicator 4 may comprise one or more groups of
stability indicator values 11 at which exclusively the moisture, particularly the absolute
moisture, of the environment is different in individual members of the group, but the tem-
perature of the environment and/or the period of time over which the substance 3 has
been exposed to the respective, preferably unchanged, ambient conditions 5 are un-
changed or constant. Members of the individual groups may also be assigned to different
groups. '

In order to determine the stability indicator 4 or the stability indicator values 11, prefera-
bly physical and/or chemical properties or changes in the substance 3 are determined,
preferably measured.
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Particularly preferably, parameters are determined which characterize breaking
strengths, a degree of disintegration, dissolution and/or decomposition of the substance
3. The stability indicator 4 or stability indicator values 11 preferably comprises or com-
prise corresponding parameters. These are preferably assigned to the respective ambi-
ent conditions 5 and/or to the periods of time over which the substance 3 was exposed to
the ambient conditions 5. The stability indicator 4 may, in particular, be or comprise a ta-
ble or tabulated structure in which measured values or other parameters, particularly re-
lating to breaking strength, degree of disintegration, dissolution and/or decomposition,
are assigned to the respective, preferably constant ambient conditions 5 and the period
of time over which the substance 3 was exposed to these ambient conditions 5.

Compared with known processes in which the already packaged substance is examined,
the proposed method has advantages, on the one hand, owing to the fact that the influ-
ence of the temperature and the humidity of the environment of the substance 3 can be
included in the calculations independently of one another and thus the effect of the indi-
vidual parameters crucial to stability can be considered and taken into account separate-
ly. Moreover, the proposed method prevents the influence of the ambient conditions 5
from being mixed with the influence of the packaging system 2 as such, particularly as a
result of moisture or the like contained in the packaging materials.

Fig. 3 shows the determination or calculation of the suitability indicator 1 by means of a
diagram in more detail.

The open storage data for the product preferably correspond to the stability indicator 4 of
the substance 3 or vice versa. The permeation model preferably corresponds to the pa-
rameter or parameters 6 of the packaging system 2 or vice versa. Alternatively or addi-
tionally, the permeation model, particularly on the basis of the stability indicator 4 and the
parameters 6 of the packaging system 2, represent the development of a (relative) hu-
midity, the water content and/or other properties of the substance 3 which affect its sta-
bility, preferably when the substance 3 is packed in the packaging system 2. However, it
is preferable if the sorption characteristics of the package V which are additionally pre-
sent in the permeation model are taken into consideration and the parameter(s) 6 of the
packaging system 2 go beyond pure permeation data and, in particular, comprise pa-
rameters relating to the sorption characteristics or sorption capacity of the package V.
The stability indicator 4 preferably comprises a parameter relating to stability-influencing
properties of the substance 3, particularly corresponding to a water content and/or sorp-
tion characteristics and/or a sorption capacity of the substance 3. Such a parameter, as
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part of the stability indicator 4 or independently thereof, preferably forms part of the per-
meation model or is taken into consideration in deciding on the package V.

One aspect of the present invention which can also be implemented independently re-
lates to the generation and composition of the parameter or parameters 6 of the packag-
ing system 2, while both permeation data of the packaging system and data relating to
sorption isotherms are taken into consideration. This preferably makes it possible to cre-
ate a model for the packaging system 2 or a permeation model in which the ingress of
moisture through the packaging during storage and additionally the ingress of moisture
during or as a result of the packaging of the substance 3 are taken into account.

By sorption characteristics in the sense of the present invention are meant, in particular,
the property and propensity to absorb or release water vapor from the air, in particular
until a state of equilibrium is achieved. The sorption isotherm, which can also be shown
graphically, represents the correlation between the water content of a product and the
relative humidity of the ambient air at a particular temperature.

In the present case, the water contents and/or sorption isotherm/characteristics of the
packaging system 2 is of particular importance as the total moisture available within the
package is influenced by the release of water from the packaging material and/or the ab-
sorption of water into the packaging material of the packaging system 2. Alternatively or
additionally, the water content and/or the sorption isotherm/characteristics of substance 3
is relevant and considered.

The packaging system 2 is preferably designed to package the substance 3 in at least a
substantially airtight manner. However, it depends on the packaging material whether
moisture is able to pass through the packaging material, particularly by diffusion, during
storage. This property can be represented by the permeation data 13.

According to an aspect of the present invention which can also be implemented inde-
pendently, the parameter or parameters 6 of the packaging system 2 comprise both
permeation data 13 and sorption data 14. It has been found that, advantageously, simul-
taneously taking account of permeation data 13 and absorption data 14 makes it possi-
ble to determine or model the characteristics of a packaging system 2 or the parameters
6 characterizing the packaging system 2 substantially more precisely.

The sorption data 14 used are, particularly preferably, sorption isotherms, as these al-
ready take account of the temperature dependency of the sorption characteristics. In this
way, the sorption characteristics of a package in the packaging system 2, which vary at
different temperatures, can be included in the calculation of the suitability indicator 1.
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This advantageously results in a substantially more accurate prognosis of the stability
characteristics of the substance 3 when packaged using the packaging system 2.

The parameter or parameters 6 of the packaging system 2 are preferably used together
with the stability indicator 4 to calculate the suitability indicator 1. For this purpose the
stability indicator 4 may be mathematically linked to the parameter or parameters 6 of the
packaging system 2.

The stability indicator 4 preferably comprises at least sorption characteristics, particularly
the sorption capacity and/or sorption isotherms, of the substance 3. The sorption charac-
teristics or the sorption capacity and/or sorption isotherms are preferably mathematically
linked to the parameters 6 of the packaging system. In this way the permeation model
can be formed and/or the package V or the suitability indicator 1 can be determined.

The stability indicator 4 is preferably used to calculate the stability of the substance 3
when packaged using the packaging system 2, on the basis of the permeation model.

Particularly preferably, the stability indicator 4 is included with the parameter 6 of the
packaging system 2 in an overall model or permeation model, hereinafter consistently re-
ferred to as the SynPD model 15 or simulation model. The terms SynPD model 15 and
simulation model are preferably interchangeable, while in the following description the
term SynPD model is always used without restricting the general validity. The SynPD
model 15 preferably comprises parameters that characterize the environment, particular-
ly corresponding to climatic zones, operating times, temperature fluctuations or the like.
The SynPD model 15 preferably comprises at least the stability indicator 4 and the pa-
rameter 6 of the packaging system 2. However, the SynPD model 15 may alternatively or
additionally also contain other information or parameters. The combining of the stability
indicator 4 with the parameter 6 has the advantage of providing a compact model for cal-
culating the stability properties of the substance 3 and the properties of the packaging
system, particularly in terms of the moisture ingress. This advantageously allows struc-
tured calculation and data management thereof. Alternatively or additionally, the parame-
ter or parameters 6 of the packaging system 2 and/or the stability indicator 4 may, how-
ever, also be used independently of one another or in isolation.

SynPD model 15 or simulation model is preferably configured to model one or more
packaging processes. If the moisture balance and/or the decomposition kinetics are
known, the packaging parameters may be calculated from them. These comprise, for ex-
ample, the climatic conditions of the packaging line, hold times for desiccants and prod-
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uct, etc. One constraint for calculating the suitability parameter 1 or its components may
be the absolute quantity of water inside the package V.

The parameter 2 of the packaging system 6 or the SynPD model 15 is preferably used to
calculate an absolute quantity of water or relative humidity within a packaged volume at
the time of packaging. For this purpose, preferably the quantity of water in the substance
3 in the volume which is to be packed, the water content of the material packed together
with the substance 3, particularly air, protective gas or the like and/or the moisture con-
tained in the material of the packaging system 2 or packaging material are taken into
consideration, particularly added, or used to determine a relative humidity, particularly by
calculation. The amounts of water contained in the material of the package V and option-
ally causing a moisture ingress are particularly preferably calculated or determined by
means of the sorption data 14 or sorption isotherms.

The packaged total volume and the quantity of moisture/water contained therein are
preferably used to calculate the ambient conditions 5, be they stable or variable as a re-
sult of the permeation of the packaging, that can be expected for the substance 3 in the
packaged state.

By means of the stability indicator 4, the stability of the substance 3 in the packaged
state or the suitability indicator 1 is preferably calculated using the information relating to
the ambient conditions for the substance 3 inside the packaging.

In order to verify the stability indicator 4, the parameter or parameters 6 of the packaging
system 2 and/or the SynPD model 15, it is preferable if random samples of the sub-
stance 3 packaged using the packaging system 2 are exposed to certain ambient condi-
tions 5 and, after a period of time, checked by measurement to see whether the calculat-
ed physical and/or chemical properties of the substance 14 correspond to the properties
calculated using the suitability indicator 1. Alternatively, the SynPD model 15 and/or the
parameter or parameters 6 may comprise correction values, particularly correction fac-
tors or the like, by means of which the calculation of the suitability indicator 1 can be bet-
ter adapted to the actual circumstances. '

The parameter or parameters 6 of the packaging system 2 is or are preferably perma-
nently stored or held in a packaging database 12. The packaging database 12 preferably
comprises parameters 6 for a number of different packaging systems 2. The parameter
or parameters 6 of the packaging system 2 are preferably independent of the substance
3 which is to be packaged using the packaging system 2. This advantageously does
away with the need to determine the parameter or parameters 6 afresh each time for de-
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termining the suitability indicator 1 for different substances 3. This facilitates and speeds
up the identification of the packaging system 2 which is suitable for the substance 3.

Fig. 4 shows a package V of a proposed packaging system 2. In the embodiment shown
it is a blister pack, particularly for tablets, capsules or other dry compacted materials.

The package V may comprise a receptacle 16 for holding the substance 3, particularly
the tablets. The receptacle 16 may be a plastic blister, a bottle or the like. The receptacle
16 preferably comprises holders, recesses, indentations or other volume-forming devices
14. The receptacle 16 is shown in Fig. 5 from a different direction, which makes it easier
to see the volume-forming devices 17, preferably for holding tablets, capsules or other
substance 3.

The package V preferably comprises a closure means 18 which is configured to close off
the volume-forming devices 17, preferably hermetically, or in airtight or gastight manner.
For this purpose the closure means 18 may be glued, welded or otherwise tightly sealed
to the receptacle 16. In the embodiment shown in Fig. 4, the volume-forming devices 17
are closed off by the closure means 18, apart from at the top left-hand corner of the
package V.

As a result, in the packaging system 2, the ingress of moisture into package V is de-
pendent on the permeation properties and sorption properties of the receptacle 16 and
the closure device 15 in the region of the volume-forming devices 17. The permeation
properties and the sorption properties immediately adjacent to the volume closed off by
the packaging are particularly crucial.

The parameter or parameters 6 of the packaging system 2 is or are preferably deter-
mined by the packaging material which forms the package V, taking account of the per-
meation data 13 and sorption data 14. In the present case it is preferable if the moisture
permeability and the moisture storability of the different materials involved in the package
V are determined, particularly as parameter 6. For this, corresponding permeation tests
and/or sorption tests may be carried out on the materials, as indicated, for example, by
the arrow T in Figs. 4 to 6. These tests may be carried out both on the individual materi-
als and on a package V which has not been filled or contains only a dummy. The param-
eter or parameters 6 of the packaging system 2 can then be determined from the results.

it will be understood that different methods can be used for different packaging systems
2 in order to determine their adsorption or permeation data. These are known to the
skilled man and therefore require no further explanation.
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However, it is preferable if the sorption and permeation data or the parameters 6 associ-
ated with different packaging systems 2 are determined so that they can be compared
with one another. For example, the parameter or parameters 6 may contain information
relating to the particular individual packaging volume. This may be much larger in the
case of a bottle than in a blister pack. When dry compacted material is packed into bot-
tles, however, normally a plurality of discrete units of the substance 3 are packed simul-
taneously. Here, too, it is advantageously possible to calculate the suitability indicator 1.

If the packaging volume forms part of the parameter or parameters 6, the number of dis-
crete units or the total volume of the substance 3 which can be packaged using the spe-
cific packaging system 2 can be determined automatically. The suitability indicator 1 can
then take account of the fact that a plurality of discrete units of the substance 3, i.e. in
particular, a plurality of tablets or the like, can be packaged in the same volume in a
packaging system of a correspondingly larger volume.

The starting premise is preferably that even where a plurality of discrete units of the sub-
stance 3 are arranged in a shared volume or such an arrangement is calculated, the
same spatial shape of substance 3 is present as in other packaging systems 2. Thus, a
plurality of tablets or the like can be packed in a bottle. The overall larger total volume
and the larger surface area etc. of the substance 3 is then preferably taken into consid-
eration when calculating the suitability indicator 1.

The proposed method may then comprise a step in which the volumes, amounts or num-
bers of discrete units of the substance 3 that can be packed using the packaging system

2 are determined. This can then be taken into consideration when calculating the suitabil-
ity indicator 1.

According to another aspect of the present invention which can also be implemented in-
dependently, after the stability indicator 4 has been determined, the suitability indicator 1
for different packaging systems 2 is calculated.

In order to calculate the suitability indicator 1 for different packaging systems 2, the sta-
bility indicator 4 may be mathematically linked to parameters 6 of the different packaging
systems 2. As a resulit, a suitability indicator 1 can be calculated for a specific substance
3 in a specific presentation form for different packaging systems 2.

Different suitability indicators 1 which correspond to the same substance 3 in conjunction
with different packages V or packaging systems 2 can then be compared with one an-
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other. Such a comparison can be undertaken in respect of different criteria. The suitabil-
ity indicator 1 may, for example, comprise values which may correspond to shelf life,
packaging labor, packaging costs or the like. Preferably, the suitability indicator 1 is
compared with pre-existing data. For example, packaging systems 2 which do not meet a
given durability criterion are automatically discarded. Alternatively or additionally, suitabil-
ity indicators 1 of different packaging systems 2 are compared with one another. Com-
parisons may be made in respect of one or more values of the suitability indicator and/or
by weighting different values of the suitability indicator 1.

The suitability indicator 1 may comprise one or more values which correspond to a re-
duction in active substance in the substance 3 or medicament. Such a reduction may be
calculated on the basis of the stability indicator 4 and the relevant parameter 6. If the loss
of active substance within a certain period of time is greater than a freely pre-
determinable threshold, taking account of the resuits, corresponding packaging systems
2 may be automatically discarded. This can also be done with regard to other parame-
ters, for example if a packaging system does not meet criteria with regard to the packag-
ing labor, the packaging costs or the like.

A comparison module of the system S, not shown here, may be configured to calculate
the corresponding suitability indicators 1 of different packaging systems 2 and to discard
those packaging systems 2 which do not meet certain pre-defined minimum criteria. In
one scenario, described by way of example, a precondition may state that, under certain
ambient conditions, the loss of active substance must be less than a certain percentage,
for example 4%, during storage over a period of time, for example 1 year. In an automat-
ed comparison, after the suitability indicators 1 for different packaging systems 2 have
been determined, those packaging systems 2 in which the suitability indicator 1 has
shown that this criterion cannot be met with the specific packaging system 2 are discard-
ed. Alternatively or additionally, the comparison module is configured to display, store
and/or label potentially suitable packaging systems.

According to another aspect of the present invention which can also be implemented in-
dependently, when mathematically linking 7 the stability indicator 4 to the parameter 6
and/or when determining the parameter or parameters 6 of the packaging system 2, the
ambient conditions or climatic conditions under which the package V or the substance 3
packed in the packaging system 2 is exposed, particularly in practice, globally, climatical-
ly or in terms of sales operations, are taken into consideration.

The parameter or parameters 6 and/or the suitability indicator 1 may take account of, or
depend on, the conditions or the part of the world, the temperature fluctuations or the av-
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erage temperatures or the like under which the substance 3 packed using the packaging
system 2 is to be stored.

According to another aspect of the present invention, the calculation of the suitability in-
dicator 1 takes account of the interaction of the substance with the packaging system 2,
particularly the product (substance 3) and package V, whilst underlying sets of data relat-
ing to the behavior of the package V or packaging system 2 on the one hand, and relat-
ing to the stability of the product (the substance 3), on the other hand, can be collected
independently of one another.

The substance 3 in the sense of the present invention is preferably characterized both by
its composition or formulation and by its specific presentation form. The stability indicator
4 or the stability indicator values 11 thus preferably take account of both chemical and
physical properties of the substance 3, particularly including its presentation form, tablet
size, coating, powder form, particle size, individual volume, surface area, ratio of surface
area to volume, etc.

According to another aspect of the present invention which can also be implemented in-
dependently, the stability indicator 4 also takes account of non-linear behav-
iors/dependencies of the substance 3 during storage/open storage, particularly any deg-
radation of the substance 3 which is not linearly correlated to the relative humidity or the
water content of the substance 3. It may be envisaged that stability indicator values 11
are determined, in the manner described previously, and after they have been deter-
mined they are extrapolated and/or interpolated to characteristic curves or a characteris-

tic curve set. In particular, the stability characteristics of the substance 3 are approximat-

ed by one or more polynomials and/or stored or taken into consideration in the stability
indicator 4. The stability indicator 4 may thus comprise one or more characteristic curves
or sets of characteristic curves.

In another aspect of the present invention, an infrared measuring device is used to de-
termine the absolute or relative humidity or water content of the substance 3 and/or of
the packaging material of the packaging system 2. Preferably, the infrared measuring
device comprises an integrated conditioning cell and/or is used in a measuring mode of
diffuse reflection. It has been found that the moisture content of the substance 3 and/or
of the materials used in the packaging system 2 can be determined very accurately by
this method. This contributes to accurate prognosis of the suitability of a packaging sys-
tem 2 for packing the substance 3 or improves the accuracy of the suitability indicator 1.
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According to another aspect of the present invention which can also be implemented in-
dependently, pure packaging data, particularly the initial moisture content and/or per-
meation of the package V or of the packaging system 2, and pure product data or proper-
ties of the substance 3, particularly stability in open storage are collected under product-
specific climatic conditions, in particular, and/or taking account of product specific sorp-
tion data 14 or sorption isotherms. '

Sorption data 15 or sorption isotherms can be collected and/or used for the substance 3
and/or the packaging system 2. Thus, it is possible for adsorption data 14 of the sub-
stance 3 to influence the stability indicator 4 or form part of the stability indicator 4. Alter-
natively or additionally, sorption data 14 and/or permeation data 13 for the packaging
system 2, the package V or the materials used here may be taken into account for the
parameter 6 of the packaging system 2 or may form part of the parameter or parameters
6 of the packaging system 2.

Particularly preferably, pure packaging data (parameter 6) on the one hand and pure
product data (stability indicator 4) on the other hand are linked by a mathematical con-
cept (permeation model/SynPD model 15). In this way it is advantageously possible to
calculate a priori the relative humidity and particularly the product stability in one or more
different packaging configurations or the substance 3 when packaged using different
packaging systems 2.

According to another aspect of the present invention which may also be implemented in-
dependently, a package V or a packaging system 2 for a product or a substance 3 is or
are identified and/or modified on the basis of the product stability or the suitability indica-
tor 1 calculated. It is thus possible for a theoretically suitable packaging system category
to be identified and adapted, particularly automatically, to the substance 3 or its dimen-
sions.

According to another aspect of the present invention it is preferable if unsuitable packag-
ing configurations are excluded right from the outset. In particular, for this purpose, the
suitability indicator 1 is wholly or partially compared with one or more evaluation criteria
or requirements and those packaging systems 2 which do not meet the corresponding
criteria are discarded. In particular, a packaging system 2 for use with a substance 3 is
discarded if it can be inferred from the suitability indicator 1 calculated in the proposed
manner that one or more conditions for the stability of the substance 3 when packaged
using the packaging material 2 are not achieved or maintained.
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The present invention has been described primarily with reference to the effects of tem-
perature and the absolute or relative humidity or the water content in the packaging or
the like. However, alternatively or additionally, other influences such as UV light, the ef-
fect of air or air constituents or the like may be taken into consideration. It is possible, for
example, for the stability indicator 4 or the parameter or parameters 6 to take account of
the incidence of light, particularly UV light, other radiation and/or the diffusion of oxygen
or other components of the air and/or of solvents like alcohol or the like in or through the
package V. Measurements and/or stability indicator values 11 relating to these are pref-
erably also carried out/determined as described and/or under otherwise constant ambi-
ent conditions 5 and/or for different periods of time over which the substance 3 is ex-
posed to the ambient conditions 5.

According to another aspect of the present invention which can also be implemen'ted in-
dependently, a weighting and/or selection of stability indicator values 11 that are to be
determined and/or a weighting with mathematical linkage of the respective stability indi-
cator values 11 and/or parameters 6 is or are carried out using the physical and/or chem-
ical properties of the substance, particularly its sensitivity to light, moisture, temperature
or the like.

Alternatively or additionally, weighting may be carried out when automatically selecting
potentially suitable packaging systems 2 and/or when automatically discarding unsuitable
packaging systems 2 as a function of the properties of the substance 3, particularly its
sensitivity to moisture, temperature, UV light or the like.

For example, in the case of a substance 3 which is sensitive to changes in temperature
or UV light, but which, being a solution, is substantially independent of relative humidity,
a stability indicator 4, a mathematical linkage 7 and/or a comparison of suitability indica-
tors 1 may also be carried out, even without taking account of the results in respect of
relative humidity, and/or by reducing the consideration of these results by weighting.

According to another aspect of the present invention, in order to determine the parameter
or parameters 6, information as to the atmosphere under which packaging is carried out
is taken into account. Regarding the packaging system 2, besides the materials and
structure of the package V, the packaging process as such may also be taken into con-
sideration. For example, elevated temperatures or the like may occur during the packag-
ing process. This tends to occur more in the ultrasound welding and/or sealing of blisters
than in the tightening of a screw top on a bottle. The parameter or parameters 6 of the
packaging system may take account of or include properties of the packaging process
associated with the packaging system 2.



10

15

20

25

30

35

WO 2015/169439 PCT/EP2015/000918
34

The permeation data 13 of the package V, the sorption data 14 or sorption isotherms of
the package V and/or the open storage data and/or permeation data and/or the sorption
data or sorption isotherms of the substance 3 are preferably determined experimentally.
Alternatively or additionally, the sorption data or sorption isotherms can be determines
automatically, e.g. by a (database) look-up or the like.

The permeation data 13 of the package V and/or the sorption isotherms which can be
produced by DVS measurements preferably flow into the permeation model/the parame-
ter 6/the SynPD model 15 of the packaging system 2. In particular, a permeation model
SynPD model 15 or one or more parameters 6 of the packaging system 2 is or are calcu-
lated from the permeation data 13 and sorption isotherms. It is thus preferable if permea-
tion data 13 and sorption data 14 are mathematically linked to one another or calculated,
extrapolated or interpolated with one another in order to determine the permeation model
or the parameter or parameters 6 of the packaging system 2.

In one embodiment of the present invention, the breaking strength of the substance 3,
the disintegration time of the substance 3 and/or the release of active substance or its
conversion into or out of the substance 3 are taken into consideration for or by the stabil-
ity indicator 4 and/or for the parameter or parameters of the packaging system 2 and/or
for the SynPD model 15.

With regard to the parameter 6 it is preferable if adsorption and permeation rates are col-
lected for the materials used, from which the moisture balance and the ingress of mois-
ture into the package per unit of time can be calculated over a certain length of time, par-
ticularly over the whole period, particularly as parameter 6. The data can be determined
from Mocon measurements or permeation measurements of a deep drawn packaging
material or indirectly by evaluating DVS results. Corresponding measurements or results
are preferably additionally verified by permeation experiments on packaging.

According to another aspect of the present invention the water content in the substance
3 and in the package V or packaging material is determined at least in the region of a
section thereof which forms a receptacle or chamber for the substance 3, which is or are
present at the time of packaging. The sorption isotherms are preferably taken into con-
sideration or are contained in the parameter or parameters 6 and/or the stability indicator
4,

With the sorption isotherms of the substance 3 and/or the packaging material, at least in
the sections immediately surrounding the substance 3 in the packaged state, the initial
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moisture content of the system as a whole is preferably determined. On the basis of the
initial moisture content of the system as a whole, i.e. the sum of the moisture or water
volume of the relevant section of the packaging and the moisture contained in the sub-
stance 3, a development over time for the environment formed in the packaging or a de-
velopment over time for the ambient conditions surrounding the substance 3 in the pack-
aging is preferably calculated. The results can be used to calculate the suitability indica-
tor 1 by means of the stability indicator 4.

In one aspect of the present invention, only the overall model or SynPD model 15 is pro-
duced, without calculating the suitability indicator 1.

In another aspect of the present invention which can also be implemented independently,
(only) the stability indicator 4 is determined, the stability indicator 4 preferably comprising
physical parameters and chemical parameters.

In another aspect of the present invention which can also be implemented independently,
(only) the stability indicator 4 is determined, the stability indicator 4 comprising physical
and/or chemical parameters and sorption data and/or permeation data relating to the
substance 3.

According to another aspect of the present invention, the number of measurements for
determining the stability indicator 4 and/or the parameter or parameters 6 is dependent
on the degree of change in the respective results. Preferably, the time interval between
measurements or characterizations of the substance 3, particularly during open storage,
is reduced if an increased rate of change has been ascertained by (the previous) meas-
urements.

According to another aspect of the present invention, the measurements are examined in
connection with the determination of the stability indicator 4 or parameter 6 in respect of
particular isothermic forms and/or the formation of characteristic hysteresis. Depending
on these, the number of measurements of the substance 3 can be altered or determined.

According to another aspect of the present invention, sections of the sorption isotherms
of the package V or of the substance 3 are analyzed for a sudden significant uptake or
release of water. If such a sudden significant uptake and/or release of water is detected,
which goes beyond the uptake or release of water in other areas in absolute or percent-
age terms, critical areas can be detected and/or thresholds can be (automatically) fixed,
particularly for the evaluation or comparison of packaging systems 2 or suitability indica-
tors 1.
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According to another aspect of the present invention, regions of phase transitions in the
sorption and/or desorption cycle are incorporated in a controlled manner and closely
analyzed. In particular, in this region, variations between corresponding samples which
are smaller in terms of the storage time and/or storage moisture content and/or storage
temperature, particularly in the open storage study, at short time intervals or smaller
changes in relation to temperature and/or absolute or relative humidity, are used to de-
termine the stability indicator 4 by comparison with other regions.

Generally, it is preferable if samples of the substance 3 are taken at short time intervals
when a parameter is varying sharply during the open storage study, but are taken in-
creasingly less often as the values stabilize. A small distribution and a high information
density as values vary have proved advantageous for the accuracy of the subsequent
simulation computation.

According to another aspect of the present invention, the characteristics, particularly sta-
bility characteristics, of the substance 3 packaged using the packaging system 2 are
simulated and preferably open storage data are calculated with package-specific data.

Further aspects of the present invention are explained in more detail hereinafter, the
term substance 3 and the term "product” being used synonymously. Where reference is
made hereinafter to a "product”, the term product or preparation may also be replaced by
the term substance 3 or vice versa.

In the following description the substance 3 or an extract from the substance 3 is referred
to as a sample which is taken or prepared for analytical purposes. The term "sample”
can therefore also be replaced by the term "substance 3".

According to another aspect of the present invention, results of analysis, particularly dur-
ing the open storage study and/or at 25°C, are considered independently of the storage
humidity, so that the effect of the relative humidity alone on the product properties at
constant temperature is detectable. In addition, tendencies and critical areas can be
identified early and monitored with greater attention. Thus, as a consequence, intervals,
both of time and temperature, moisture and/or UV light or the like can be narrowed down.

According to another aspect of the present invention a characterization of stability prop-
erties of the substance 3 or the determination of stability indicator values 11 for the sub-
stance 3 can be stopped as soon as unacceptable parameter values/stability indicator

values 11 for the product/substance 3 are obtained repeatedly with certain humidity se-
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ries. Then the continuation of the sample analysis towards higher moisture levels can be
stopped and advantageously avoided. In such cases the stability indicator 4 preferably
comprises values which correspond to the substance 3 being unsuitable for correspond-
ing moisture conditions. Alternatively or additionally, stability indicator values 11 may be
set at a threshold value or an extreme value.

According to one aspect of the prevent invention, the exclusive effect of the temperature
alone on the product can be observed on samples which have been dried to the maxi-
mum, i.e. at a storage humidity of less than 1% relative humidity at the temperature in
question. Under these conditions the product has an extremely low, virtually negligible
water content, so that changes in the parameters of the two samples (separately) under
otherwise constant conditions can only be put down to a variation in the temperature.

To enable the influence of the temperature to be investigated when there is moisture
present in the product at the same time, it is preferable to maintain a constant water con-
tent in the samples so as to vary only the temperature parameter. This takes account of
the finding that the number of water molecules directly available as potential reactants in
the sample is crucial to the stability of an active substance or product. Therefore it is as-
sumed that if the number of water molecules remains constant it is possible to make a
definite statement as to the effect of varying temperature conditions on the product.

Generally, it is desired and appreciated to keep any condition that might result in a stabil-
ity variation of substance 3 constant apart from that to be investigated. In particular, any
solvent content or concentration can be kept constant similar to the procedure described
with regard to water/humidity. With regard to investigation of UV-influence, any tempera-
ture variation resulting from absorption of radiation can be compensated for by adapting
the ambient temperature and/or by ambient atmosphere movement. This enables inves-
tigation of the influence of different potentially stability effecting conditions independently
of one another. These can be used for or as the stability indicator and/or its stability indi-
cator values.

According to one aspect of the present invention, using sorption isotherms at the respec-
tive temperature, the precise relative humidity at which the water content in the product
does not change by comparison with a reference temperature, particularly 25°C, is se-
lected. Thus it is particularly preferable that the relative humidity of the environment 5
should be changed, when the temperature is changed in connection with the characteri-
zation of the substance 3 or the determination of the stability indicator 4, so that the ab-
solute water content or the number of water molecules in the sample or substance 3 is
kept constant. Preferably, relative humidities corresponding to one another while a con-
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stant water content is maintained in the product or in the substance 3 are determined
particularly by means of sorption isotherms. Preferably, starting from a sorption curve or
sorption isotherm corresponding to a first temperature, a relative humidity corresponding
to a constant water content at both temperatures is determined.

It is preferable that the relative humidity of the environment 5 is increased as the temper-
ature is increased in order to maintain a constant water content in the substance 3. Be-
sides the described method of determining the changed relative humidity, other methods
may also be used.

According to one aspect of the present invention, values corresponding to one another or
associated with one another, particularly in terms of the humidity, the parameter or pa-
rameters 6 of the packaging system 2 and the stability indicator 4, are linked together,
preferably in order to determine the suitability indicator 1, particularly by computation.

The stability indicator 4 and/or the suitability indicator 1 preferably comprise or comprises
one or more values corresponding to the following properties of the substance 3: effects
of hydrolysis, effects of redox reactions, effects of steric rearrangements, formation of
polymorphs, formation of amorphous crystalline transitions, formation of hydrates, break-
ing force, hardness, friability, disintegration, solubility, speed of dissolving, release char-
acteristics, swelling, swellability, color, odor, flavor, enzymatic breakdown, mould attack.

Preferably, in order to determine the stability indicator 4, the water content, hereinafter
also referred to as the product humidity, of the substance 3, hereinafter also referred to
as the product, is measured.

The product humidity can be quantified using numerous direct and indirect methods of
measurement. The direct methods include all the methods linked with re-weighing or ini-
tial weight, i.e. all the (thermo-) gravimetric methods of measurement as well as Karl
Fischer titration. They are used as reference methods for calibrating indirect water
measurement methods. In the indirect methods of measurement, either analysis is car-
ried out as to how physical properties of a material change as a function of the water
content, or how the water molecules contained in the sample react to a physical stimulus.
The individual methods of measurement differ in their speed, accuracy and detection lim-
its, their sample requirements, their complexity and their risk potential, e.g. on account of
the chemicals needed.

The term sorption preferably encompasses all the processes in which molecules either
accumulate on interfaces (adsorption) or are adsorbed directly into the volume of another
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phase (absorption). The material which accumulates or adsorbs other molecules is re-
ferred to as an (ad/ab)sorbent or (ad/ab)sorption agent. Until sorption occurs the mole-
cules are referred to as sorptive and thereafter as adsorpt/absorpt or adsorb-
ate/absorbate. In addition, a distinction is made between physisorption and chemisorp-
tion. In physisorption, physical bonds exist between the sorbent and the sorptive, such as
for example electrostatic interactions, dipole-dipole interactions or Van der Waals forces.
In chemisorption, on the other hand, chemical bonds are usually formed under the influ-
ence of higher temperatures, thus making the following reactions possible for the first
time (catalyst principle). If one looks particularly at the concentration of water molecules,
this is a physical adsorption or absorption, depending on the nature of the sorbent. De-
pending on the relative humidity, the water molecules may be adsorbed onto surfaces ei-
ther as mono- or multilayer coatings, or taken up as individual molecules or in water clus-
ters by an absorbent. From the resulting pattern of the sorption isotherms, conclusions
can be drawn as to what type of sorption characteristics are present in all probability. If
hysteresis occurs, it can be assumed that a porous sorption agent was present, the pore
size of which can be determined more accurately by means of the shape of the sorption
isotherms. The pore diameters are classified according to IUPAC.

The permeation P is generally defined as a process in which a substance migrates
through a solid. In the first step, sorption of the substance takes place, followed by diffu-
sion through the solid until the substance is desorbed on the other side of the material.
The permeation co-efficient also refers to the substance constant of a material which, in
the case of water vapor, is defined as the amount of water which permeates through a
sample with a standardized area and known layer thickness within a specified period of
time. It always relates to the temperature selected and the moisture gradient present dur-
ing the measurement as well as the ambient pressure.

Amount of water - layer thickness of the sample g -mm

P 1=
[TArh] Unit of time - sample area d-m?

With the permeation rate, on the other hand, the vapor permeability is based on a specif-
ic examined object and given as a quantity of water exchanged per day (g/d). It quanti-
fies the permeation for a specific sample, i.e. for a fixed sample dimension and layer
thickness/wall thickness under the prevailing measuring conditions such as temperature,
relative humidity and air pressure. The permeation rate allows a direct comparison to be
made between theoretical and experimental permeation values of a sample, and com-
parison within a set of similar samples. It is particularly advantageous to use an experi-
mentally determined permeation rate when there are no uniform wall thicknesses or layer
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thicknesses because of the manufacturing process of the packaging material, meaning
that calculation of the permeation rate would lead to unacceptable errors, or on the other
hand, for a theoretical estimate, the area sizes of difficult geometric shapes would have
to be determined.

The vapor permeation into a blister is chiefly determined by the nature and thickness of
the film material. However, on detailed observation, further factors influencing the per-
meation rate can be identified, such as for example the dimensions of the blister cavity,
the width of the sealing edge, the nature of the seal and the sealing parameters set such
as temperature, sealing pressure and time. In the case of an aluminum blister which is,
of itself, very well sealed, it should also be borne in mind that a certain amount of mois-
ture enters the cavity through the adhesive layer between the top film and bottom film or
through the seal. In other blister materials this aspect is completely irrelevant to the mois-
ture balance in the well and can therefore be ignored in any calculations.

The permeation rate P or permeation coefficient P of vapor through a particular material
can also be calculated if the diffusion coefficient (Dw) and the saturation solubility (S) of
the water in the material are known. The following physical correlation applies:

P(r.h.,T) = Dy, (r.h.,T)-S(r.h.,T)

wherein:

P is the permeation rate

Dw is the diffusion co-efficient
S is the saturation solubility
r.h. is the relative humidity and
T is the temperature.

The equation particularly takes account of a possible moisture dependency of the per-
meation rate or the permeation co-efficient. It is used to determine, by means of DVS
measurements, the permeation rate and activation energies for sorption and possible dif-
fusion as well as permeation.

The hitherto traditional procedure in product and packaging development is based on the
methods demanded by the licensing authority. Formulations/products are typically tested
for stability in different packaging configurations under different climatic conditions. The
suitable packaging is determined using the results of these stability studies, i.e. by trial
and error. In particular, in the purely traditional approach, the relative humidity and in-
deed the stability of the product in a package cannot be determined beforehand but is



10

15

20

25

30

35

WO 2015/169439 PCT/EP2015/000918
41

ascertained over the course of the stability study, i.e. only after a corresponding time de-
lay.

By contrast, in the SynPD concept, i.e. using the SynPD model according to the present
invention, proposed here, a completely new approach is taken. Pure packaging data (ini-
tial moisture content, permeation) and pure product data (stability in open storage under
product-specifically selected climatic conditions, sorption isotherms) are collected and
linked by a mathematical concept. In this way it is possible to calculate a priori the rela-
tive humidity and particularly the product stability in any desired packaging configuration.
On the basis of these results, the best possible packaging tailored to the product is iden-
tified and the subsequent packaging stability testing is limited to the candidate or candi-
dates. Unsuitable packaging configurations are thus excluded right away. Furthermore,
critical stability areas are also identified beforehand by the SynPD concept. Alternatively
or additionally, SynPD concept enables adapting the packaging concept such that re-
gions or areas which are particularly relevant or critical with regard to stability can be
avoided. In particular, a suitable packaging material (foil) can be chosen, the geometry of
a blister can be adapted, the substance 3 can be pre-conditioned (e.g. dried), and/or the
packaging material can be pre-conditioned (e.g., dried), in particular prior to performing
the packaging process with it.

According to the present invention, pre-condition of substance 3 and/or of the respective
packaging material can be considered for determining the stability indicator 1 and/or a
suitable packaging system.

With the present invention the reaction of the product to external influences such as, for
example, relative humidity, temperature or UV light can be unambiguously calculated
analytically by means of the change in chemical and, especially, physical product proper-
ties as a function of the operating time. As a product's individual "fingerprint" is collected
with the open storage data, the calculations require neither approximation solutions nor
assumptions of functional parameter correlations. SynPD was deliberately developed as
a generalized mathematical/physical procedure to be very widely applicable, i.e. theoreti-
cally to all stability parameters the influencing factors of which are known. The stability
data for the product calculated beforehand using SynPD offer a high information content
by means of which manufacturing and packaging processes and handling times in opera-
tion can be optimized, but also storage conditions and in-use times can be determined
beforehand. As a result, a preparation developed by this method can only lead to more
advantageous development times or minimized development risk for the pharmaceutical
manufacturer and increased safety for the user.
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The data required for the SynPD modeling of the product stability and the computing op-
erations carried out are described in detail in Fig. 3 and their theoretical background is
explained more fully in the following paragraphs.

The experimentally collected values are, in particular, open storage data as well as per-
meation data 13 and sorption isotherms 14 or sorption data which are preferably deter-
mined by dynamic vapor sorption (DVS) of the product.

Dynamic vapor sorption is particularly suitable for determining the stoichiometric molar
ratio between water and substance. On the one hand, the humidity stages at which hy-
dration or dehydration occurs can be determined precisely and on the other hand the
quantities of water thus exchanged can be determined precisely to the nearest mi-
crogram. At the same time, information is obtained regarding the kinetic trend at the criti-
cal relative humidity. Moreover, it can be inferred from the sorption isotherms 14 of the
substance investigated whether the formation of higher-valency hydrates takes place
gradually or in one step.

A fundamental difference from the methods used hitherto is that all the influencing fac-
tors which in the last analysis share responsibility for the product stability are analytically
characterized separately from one another in the accurate detail required. In this way the
maximum information content on each individual component is acquired, uncontaminated
by influence from other components. The advantage of this approach is that weaknesses
in the overall system can be identified early and improved, thus saving time and expense
in an ongoing project.

The three data blocks which can be experimentally collected and on the basis of which
the subsequent modeling is preferably carried out are described in more detail hereinaf-
ter.

Preferably, open storage data for the product are determined, preferably measured, for
which in general, all the product properties critical to stability, or a selection of them, can
be used. Further criteria for the suitability of individual product parameters for the SynPD
computer simulation are, firstly, the most accurate measurability possible and, secondly,
the dependency on other external parameters such as, for example, relative humidity,
temperature, UV light, oxygen (concentration and/or absorption) and/or solvent (concen-
tration and/or absorption).

For SynPD modeling, it is particularly preferable to examine the two physical parameters
of breaking force and disintegration time and the chemical parameter of the release of
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active substance. In contrast to conventional stability studies, the generation of stability
data is preferably not carried out either in the primary packaging or at fixed intervals of
time but according to a completely different plan. The open storage concept is illustrated
by way of example in the Table in Fig. 2.

Preferably, for the packaging materials used, sorption and permeation rates are collected
from which the moisture balance and the moisture ingress per unit of time into the pack-
aging can be calculated over the entire running time. The data can be obtained directly
from Mocon measurements or indirectly by evaluating DVS results and are preferably
additionally supported by permeation experiments on packaging. The permeation rates
obtained are preferably fed into SynPD model calculations for product stability.

Preferably, the sorption and desorption properties of packaging components and prod-
ucts are used, which can also be determined using DVS measurements. Using the sorp-
tion isotherms the water content in both components which is present at the time of
packaging is determined. The moisture ingress through product and packaging is crucial-
ly responsible for the initial moisture content of the system as a whole.

In particular, the model computation, for example on a bottle, with desiccant, incorpo-
rates the sorption isotherms of the product, of the bottle material, of the desiccant and of
the air contained in the bottle. In the case of blisters, it is preferably the sorption iso-
therms of the top and bottom films, the hot melt adhesive, the air in the blister, the prod-
uct, or the substance 3 (which in turn may consist of different components).

A range of more extensive information is particularly preferably inferred from the devel-
opment of the sorption curves, especially in addition to the sorption capacity and the
sorption kinetics of the materials investigated. In particular, using the isotherm shape and
the development of characteristic hysteresis, conclusions are drawn as to the nature of
the incorporated water and are preferably taken into consideration or used in the deter-
mination of the stability indicator 4, the parameters 6 and/or the suitability indicator 1.

Noticeable points in the sorption isotherms 14 which are connected to a sudden sharp
uptake or release of water possibly indicate critical relative humidities for the product. In
these areas it is advisable to monitor various product properties carefully, and this in turn
plays a crucial role in the choice of storage humidities when carrying out the open stor-
age studies. Such information is preferably aiso taken into account or used when deter-
mining the stability indicator 4, the parameters 6 and/or the suitability indicator 1.
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In contrast to stability studies carried out in the conventional manner the product is sub-
jected to an open storage study in the procedure according to the SynPD concept. By
this is meant that the loose product is stored open under selected defined climatic condi-
tions so that in analyses it is possible to determine the direct reaction of the material to
the climate provided, unimpeded by packaging.

In this way a fingerprint of the pure product properties is obtained, which is completely
uninfluenced by any packaging. However, this does not rule out the possibility of infor-
mation regarding the compatibility between the product and different packaging materials
being additional obtained during the test procedure, if necessary.

Moreover, in contract to traditional stability tests, the open storage concept is preferably
structured so that the influence of relative humidity or water content and temperature can
be investigated independently of one another.

First of all, at 25°C, for example, in addition to very dry and moist extreme conditions,
other storage humidities are selected which are determined individually for each product
by means of the sorption isotherms (see the first line in Fig. 2). Ideally, all the critical
ranges such as, for example, phase transitions in the sorption and desorption cycle, are
covered so that product is deliberately stored and subjected to analysis below and above
a noticeable moisture stage.

In principle, all the chemical and also physical product properties which can be deter-
mined by measurement with sufficient accuracy, precision and robustness and which are
dependent on external influences such as climate or UV light or oxygen concentration
are suitable as measuring parameters for the later SynPD modeling.

The times for the sampling are selected dynamically according to the product properties
(cf. the penultimate line in Fig. 2). If a parameter changes significantly, samples are tak-
en at short intervals, whereas when values are stabilizing samples are taken less and
less frequently.

It should be borne in mind that the later computer models are based on these data, so
that a small distribution and a high information density in the case of varying values have
proved advantageous for the accuracy of the subsequent simulation computation. If the
results of the analysis at 25°C are looked at as a function of their storage moisture con-
tent, the influence of relative humidity alone on the product properties at constant tem-
perature becomes detectable. At the same time, tendencies and critical areas are identi-
fied early and can be monitored with greater attention. As soon as unacceptable parame-
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ter values are repeatedly obtained for the product in certain humidity series, their contin-
uation in the sample analysis can be stopped, with the result that the creation of these
moisture conditions should be avoided later by the choice of suitable packaging materi-
als.

According to one aspect of the present invention, the effect of the temperature on the
product parameters should additionally be investigated. A temperature of 40°C appears
to be a suitable choice as the authorities in any case require stress stability at 40°C/75%
r.h. The exclusive effect of the temperature alone on the product can be observed on
samples which have been dried to the maximum, i.e. at a storage humidity content of
less than 1% r.h. at the temperature in question (second column in Fig. 2, arrow). Under
these conditions, the product has an extremely low, virtually negligible water content,
with the result that changes in the parameter in the samples, with all other conditions re-
maining constant, can only be put down to a variation in the temperature (in this case
from 25°C to 40°C or vice versa).

In order to be able to examine the influence of the temperature whiist moisture is simul-
taneously present in the product, the water content in the samples is preferably kept
constant so that only the temperature parameter is varied (see Fig. 3, remarks in the se-
cond line). This allows for the finding that the number of water molecules directly availa-
ble as potential reactants in the sample is crucial to the stability of an active substance or
product. When the number of water molecules remains constant, therefore, definite pro-
nouncements can be made as to the effect of changing temperature conditions on the
product (see Fig. 2, marked by arrows).

By means of sorption isotherms, preferably from DVS measurements, the precise rela-
tive humidity at which the water content in the product at 40°C does not change by com-
parison with 25°C is selected. To achieve this, as shown in Fig. 7, starting from the 25°C
sorption curve, a line is drawn which is horizontal to the 40°C curve (corresponding to a
constant water content at both temperatures) and the relative humidity belonging to the
intersection is read off on the x-axis. For example, at 40°C, instead of 40% relative hu-
midity a relative humidity of 45% may be selected, or instead of 60% a relative humidity
of 65% may be selected. Once the conversion and storage of the samples has been car-
ried out for all the columns mentioned in Fig. 2, finally the interaction of humidity and
temperature on the product at increasing water levels can be evaluated (comparison of
the individual columns from left to right). This procedure can be applied to a different first
and second temperature, and thus 25°C may generally be the first temperature and 40°C
may be a second temperature.
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Advantageously, when stored open, the product immediately comes into contact with the
certain relative humidity envisaged, so that the reaction to the loading can be observed
instantly. It is thus possible to evaluable the product behavior for different climatic condi-
tions or climatic regions at the same time, in order to define, even at this stage, first re-
quirements of the later packaging configuration. However, if the product is tested for sta-
bility in packages of different permeability using the conventional approach, the
achievement of a critical or damaging relative humidity is set at completely different
times. Taking a critical humidity of 60% r.h. at 25°C by way of example, in the PVC blis-
ter the period of time until this extreme humidity is reached is only a few days. In the
PVC-PVdC blister this same moisture level is achieved after one month, in the triple layer
PVC-PVdC-PVC blister it is achieved after 5 months and in the Aclar® blister it is only
achieved after 10.5 months.

In the SynPD concept, the effects of temperature and humidity are preferably investigat-
ed separately from one another so that the deciding factor for the product stability can be
clearly identified. For this purpose the temperature is kept constant to begin with and on-
ly the storage humidity is varied. Critical and optimum moisture ranges are characterized
as well as relative humidities with development trends for a product parameter at an ear-
ly stage. In a later step the interaction of the two influences is also examined. Only the
temperature is varied, while the moisture content in the product is kept constant accord-
ing to the sorption isotherms. It is thus possible to tell whether temperature fluctuations
are tolerated by the product or become critical only as a function of certain water con-
tents. Consequently it is possible to estimate from an early stage whether operation in all
climatic zones is possible without any problems or whether additional measures have to
be taken. By contrast, conventional storage according to climatic zones does not allow
product analysis with a comparable high information content, as the two parameters,
temperature and humidity, are varied simultaneously. Also, storage is only carried out
under climatic conditions which are selected at individual points, so that the behavior of
the product thereafter cannot be assessed except with difficulty and with limited reliabil-

ity.

Another advantage of the SynPD concept is that the samplings are chosen for dynamic
time intervals. As a result the critical times at which noticeable changes occur in the
product are detected with great accuracy with a high data density. These product data
are of interest for manufacture, sale, storage and in use as they provide valuable infor-
mation as to the rate at which processes of change occur and what time windows are
available accordingly. With rigidly fixed sampling at 3 monthly intervals according to the
ICH Guideline Q1A and the WHO Guideline, it is not possible to achieve a comparable
information content. If this sampling scheme were to be applied to the example, unac-
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ceptable damage would only be detected after 3 months’ storage for the PVC and PVC-
PVdC blister, but it would not be discovered that the product no longer met the specifica-
tion within the first month.

Moreover, the stability calculation according to the SynPD concept provides reliable and
authoritative results as the individual open storage data of the product are used and
therefore there is no need for approximation or data extrapolation. The concept is also
universally applicable to all measureable product parameters. Moreover, when the Ar-
rhenius stress test is applied to product data collected at high temperatures this can be
extrapolated to significantly lower storage temperatures. This procedure may be prone to
errors and is only permissible, in particular, under certain preconditions, namely in exclu-
sively thermally controlled chemical reactions. Other influencing factors have to be care-
fully excluded from the outset, as otherwise false assumptions will be made regarding
the product stability.

The application of the SynPD concept in a project also has an advantageous cost-benefit
ratio. Admittedly, the material and staff costs are initially higher and hence the cost at an
early stage of the project, but on the basis of the information and data density relating to
the product the further proceedings on the way to submission are optimally controlled. As
the optimum packaging has already been decided before the start of a packaging stabil-
ity study and unsuitable candidates can be reliably excluded, high-cost trial and error
loops can be avoided at this stage of the project and the risk of time-critical reverses is
significantly minimized. Experience has shown that this represents a cost of about 1.5
million US$ for each stability test.

The permeation model serves to simulate the moisture economy in a packaging system
at the time of packing, during storage or during the life of the preparation and, particular-
ly, while it is in use by the patient.

The setting up of the computer model requires on the one hand the experimentally ob-
tained permeation data 13 which determine the ingress of moisture through the packag-
ing at a defined time interval. Also included are the sorption isotherms 14 of the product,
packaging and any desiccants, on whose sorption capacity the initial moisture content
and further development of moisture depend. To simulate the development of the relative
humidity which, in this example, is supposed to increase in the package during storage,
the following procedure is adopted. It should be noted that the reverse moisture gradient
could also be considered, as permeation is not restricted to one direction.
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Preferably, in a first step, in order to calculate the suitability indicator 1, the initial mois-
ture content or total amount of water available within the package V of the individual sub-
stance 3 is determined. In order to determine an initial moisture content in the package
V, preferably the amounts of water in all n individual components is totaled:

ln=1 m; actual (Hz 0)
?:1 M; 1009 (H20)

n
where: Z M stare (H20) = my
i=1

[%] at T[° C]

r. h-start =

which are present at the time of packaging, depending on the particular packaging state.
The water contents may be derived directly from the sorption isotherms of the materials if
the storage humidity and temperature are known.

Individual components to be taken into consideration are preferably all the product com-
ponents, all the packaging components such as the top and bottom films, pouches and
optionally desiccants, and the quantity of water in the remaining volume of air in the blis-
ter cavity. The sum of the water actually present is divided by the sum of the maximum
possible at 100% saturation, which gives as the result the relative humidity at the start of
the packaging study. Alternatively or additionally an equation system with the non-linear
sorption isotherms of the components is solved.

Preferably, particularly next, the moisture gradient present at the starting time ti=0 is de-
termined from the difference in the storage humidity or the relative humidity surrounding
the package V and the initial humidity present in the package. As function of these, the
value of the permeation rate at tO can then be calculated, which indicates the quantity of
water Am which is transported through the present package during a fixed period of time
At. The linear dependency of the permeation rate on the relative humidity as shown be-
low has been confirmed by numerous measurements and is valid for all the film materials
investigated thus far (for linear approximation, while non-linearities can be considered al-
ternatively or additionally).

. r. h [%]Outside —T. h" [%] inside, to [ug]
- 100 At

wherein:




10

15

20

25

30

35

WO 2015/169439 PCT/EP2015/000918
49

P= permeation rate at the moisture gradient currently present
k= permeation rate at a moisture gradient of 100%

to= starting time

r.h.= relative humidity

The humidity Am registered during At is distributed over all the absorbent components in
the system as a whole in accordance with their sorption capacity, i.e. the product, pack-
aging material, desiccant and the remaining air content in the cavity.

The new relative humidity at a constantly maintained temperature T at time tO+At (At=
time difference) is calculated finally by dividing (m0O+Am) by the maximum possible total
quantity of water at 100% saturation. Using the moisture gradient currently present, the
permeation ratio applicable to the time t0+At can then be determined, thus starting a new
computing cycle at the same time. The iterative computing loops are repeated until the
observation period is achieved or until the entire system is in thermodynamic equilibrium
with its external humidity.

The permeation model described is generally valid and can also be used, after suitable
mathematical adaptation, with non-linear sorption isotherms or those extending exponen-
tially or in steps. The iterative process used in the computation has the advantage that
neither derived nor integral functions have to be found, which would be a very laborious
process or even impossible with certain types of functions.

As is illustrated by way of example below, numerous questions regarding humidity and
product stability can be answered in this way. Using the model 15 it is possible to calcu-
late the initial moisture content of a packaged product, the ingress of moisture into the
package per time period, the distribution of the permeated water over each absorbent in-
dividual component, particularly the water content of the product at each time and the
development of the relative humidity throughout the system as a whole under the climatic
conditions selected.

For example, the time taken to achieve total equilibration of a packaging configuration as
a function of the storage humidity can be calculated in advance, or the time taken to
reach a critical relative humidity for the product. Thus, even before the start of a packag-
ing study, the types of blister that keep the product stable for the shelf life envisaged can
be identified. As a result, only the pre-selected blisters are included in the subsequent
stability investigations, thus saving on materials, staffing capacity and time.
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At the same time, the simulation shows whether an expensive blister is strictly necessary
or whether a cheaper variant with a higher permeability would still give adequate protec-
tion for the product. Moreover, using the model it is possible to decide what type of des-
iccant works most effectively and what size or oversizing is required and useful. If a
product must not fall below a specified humidity limit, moisture-pretreated silica gel is in-
cluded. In the model, it is possible to determine the packaging humidity at which silica gel
does not dry the product too much but still has sufficient residual absorption capacity to
stabilize the product throughout its shelf life within a defined humidity corridor.

Moreover, there is the possibility of calculating time scales for bulk goods packaging or
repackaging processes. The latter is relevant, for example, in the event of a shutdown of
machinery in production as the ambient humidity affects all the individual components for
a corresponding period of time. Using the model computation it is possible to state to
what extent the product, film materials or desiccants can still be used or whether they
have to be discarded immediately.

The aim of the computer model is, in the last analysis, to protect a moisture- sensitive
product to the optimum degree and to identify the best possible tailored packaging con-
figuration quickly and unambiguously.

In the present invention, the ingress of moisture through the packaging material or pack-
aging system 2 itself and/or the effect of changes in air pressure on the humidity, particu-
larly in bottles, are taken into consideration, particularly when determining the stability in-
dicator 4, the parameter or parameters 6 or the SynPD model 14.

In contrast to the permeation models published previously, SynPD simulation calcula-
tions are preferably not restricted to the modeling of the development of humidity in a
package. Preferably, physical/chemical product properties in different packaging configu-
rations are analytically pre-calculated and in this way the stability of the product is math-
ematically predicted in advance of packaging studies actually carried out.

The resuits of the permeation model for a blister of defined dimension are preferably cal-
culated with product data from the open storage study.

According to an aspect of the present invention which can also be implemented inde-
pendently, a hypersurface of the substance 3 is determined using the open storage test.
Preferably, a variable corresponding to the stability of degradation of the substance 3 or
the stability indicator 4 is represented, detected or interpreted as a function of an influ-
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encing factor, particularly the relative humidity or the temperature or both and/or some
other ambient condition, and the storage time as a hypersurface.

The development of the influencing factor, particularly the relative humidity or the tem-
perature or both and/or other ambient condition can be recorded, registered or taken into
consideration as the pattern of the influencing factor over the storage time or time period
or vice versa. By projecting this pattern onto the hypersurface the stability of the sub-
stance 3 or the suitability indicator can be determined. The present steps are carried out
in a corresponding manner without any graphical representation.

By way of example, the decomposition of the active substance of a product is used,
which has been exposed for example to different relative humidities between 10 and
60% r.h, for example, at 25°C and preferably analyzed at defined time intervals accord-
ing to the ICH or WHO Stability Guidelines.

In particular, pure packaging data with pure open storage data are calculated in order to
predict the product stability.

The two data sets, parameter 6 and stability indicator 4, can be represented and/or ex-
trapolated and/or interpolated for further processing in a three-dimensional form and/or
as a hypersurface, in particular in order to be able to monitor the individual computing
steps with a graphical illustration.

Particularly preferably, two-dimensional open storage data of the degree of decomposi-
tion are additionally fanned out, as a function of time, over a third axis, namely the rela-
tive humidity. These data need not be present in graphic form but may also be provided
in the form of a table, matrix or the like.

Preferably, the pattern of the humidity development in the blister is determined, prefera-
bly by calculation:.

In one step, the decomposition data are first fitted by means of a fitting function in order
to smooth a non-physical sequence of measured values beforehand, such as, for exam-
ple, an apparently lower proportion of decomposed active substance at a later measuring
time. It should be borne in mind that the data fit with the smallest squares of the errors is
not necessarily the best, e.g. a polynomial function of a higher order, but that the fitted
curves primarily have to be physically/chemically reasonable. Interpolation with the
method of the smallest squares of the errors is preferred, however.
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The results of the smoothing are optionally entered, stored or incorporated in the dia-
gram, table, file or database or the like or form a part of the stability indicator 4, the pa-
rameter 6, the SynPD model 14 and/or the suitability indicator 1.

Preferably, a matrix or hypersurface is calculated, particularly using the Renka-Cline
gridding method which connects all the fitted curves to one another through a grid struc-
ture and describes the physically/chemically most reasonable correlation between the in-
dividual measurement series. For this purpose, an interpolation regarding different pa-
rameters may be provided, particularly using the temperature, humidity, time and/or other
ambient conditions.

It is also preferable if fitted curves for the original measured values are derived or differ-
entiated after the storage period.

In order to create a more meaningful database, additionally a suitable number of inter-
mediate grid lines or interpolated points, lines or the like is selected or determined and/or
also differentiated according to time. This procedure is permissible as, using the Renka-
Cline gridding method chosen to generate the grid, curved patterns are calculated which
are self-similar to the original data.

Preferably, the blister or other packaging determines, as a function of its permeation rate,
what relative humidity is present in the packaging at a certain point in time. With a
knowledge of the vapor concentration, in particular, the derived value present at this time
is preferably obtained from the associated derived graph.

In the embodiment, a vapor concentration, for example 40% r.h. at 25°C, is present after
about half a month. At the (0.5 month) value in the derivation graph (of the 40% r.h.
measuring series) a derived value for the decomposition can then be read off. The same
procedure is used for other relative humidity where once again a derived value is associ-
ated with the corresponding times using the time/humidity profile of the blister.

This new (graphical) pattern thus obtained is subsequently integrated according to time
and added to the initial value of the investigation parameter under consideration. The re-
sulting curve represents the partial integral according to time, mathematically
f(ah/o() st

Analogously to the graphically based process described here, the decomposition data
measured or the stability indicator 4 are preferably wholly or partially derived and inte-
grated according to the relative humidity. In order to do this it is preferable if the grid
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lines, patterns or the like which correspond in particular to a defined storage time and
which extend in the direction of the humidity axis are derived according to the relative
humidity.

Preferably, and more particularly subsequently, derived values are once again obtained
which in this case are associated with the relative humidity prevailing in the packaging at
the respective measuring time. Integration of the data series according the relative hu-
midity results in another partial integral § (3 h/ d (rh)) &rh.

Preferably, particularly subsequently, the two partial integrals are added to the starting
value of the active substance decomposition, which is ideally "zero", so as to obtain the
following function: h(t)= § (d h(t, rh(t))/ot)dt= [ (ah/a (t))dt+ J (0 h/3d (rh)) drh. This
function preferably represents a result of the SynPD simulation calculation, preferably
describes the pattern of the decomposition, i.e. the product stability in this packaging
candidate depending on the storage time under particular climatic conditions. The result
is preferably part of the suitability indicator 1 or forms this indicator.

h or h(t) is or preferably corresponds to a degradation of the substance 3 or is or corre-
sponds to the stability indicator 4 or a part thereof.

Derivation and integration according to the two influencing factors — relative humidity
and/or storage time — is particularly advantageous when the product parameter being in-
vestigated is dependent both on the relative humidity and on the storage time. If only one
particular stress factor were actually to trigger changes in the product, it might be suffi-
cient to carry out the differential and integral calculations only for this one factor.

Preferably, the simulation results, viewed graphically, constitute a vertical projection,
parallel projection and/or orthogonal projection of the time/humidity profile of the packag-
ing onto the matrix surface or the hypersurface of the product properties.

If the product undergoes constantly increasing decomposition in the packaging, a pattern
or development of the stability of the substance 3 is located particularly in the same
plane as the hypersurface. In this way the behavior of the product under the given condi-
tions can be simulated or calculated with the hypersurface.

The determination of the stability of the substance 3 in the packaged state using the
packaging system 2 can be carried out graphically in the manner described, even if the
graphs, areas or the like are not shown. Moreover, alternative procedures for determin-
ing the degree of decomposition of the substance 3 are also possible.
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According to a curve pattern the proportion of the decomposed active substance in-
creases to about 2% over the storage time if a final humidity of 10% r.h./25°C is estab-
lished in the packaging. If, by contrast, the starting humidity of roughly 45% r.h./25°C is
maintained in the packaging or even increases still further over the running time, the de-
composition limit of 4% specified is reached or exceeded after only 18 months’ storage.

The SynPD model curve calculated for an investigation parameter, in this case the de-
composition of the active substance, is preferably tested with real packaging studies. For
this purpose the product is stored and analyzed under the same conditions as were as-
sumed in the calculation. In one example, the decomposition rate for a storage period of
18 months was calculated beforehand using the 6 months values available for permea-
tion data.

Other aspects or steps of the present invention preferably comprise:

* identifying variables relevant to stability (e.g. decomposition, breaking force, disin-
tegration, dissolution); and/or

* identifying the determining influencing parameters and optionally their interaction
(e.g. humidity, temperature, time, light, covering visible and UV spectrum, oxygen
concentration, solvent (alcohol) concentration); and/or

* measuring the effect of these parameters on the product individually and com-
bined with one another (storage concept); and/or

* scientifically based on this, obtaining a fingerprint of the product properties rele-
vant to stability (stability hypersurface which preferably forms the stability indicator
4 or part of it); and/or

» clearly calculating this mathematically/analytically with the development of the in-
fluencing parameters (e.g. breaking force with relative humidity in test packages
over the storage time);

* being able to calculate beforehand the stability characteristics of the product un-
der all the conditions incorporated in the design (e.g. breaking force in every pos-
sible packaging configuration, in all marketing packs, for all climates, during the
storage period and in use), and in the event of subsequent changes in the param-
eters (type of packaging, desiccant, slight changes in the formulation) providing
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an existing database for further stability calculations very close together in time;
and/or

providing a generally applicable and hence efficient concept (quality by design
approach which may be applied for example to decomposition, breaking force,
dissolution, fine particle dose, sensitivity to light and oxygen, etc.); and/or

for determining the stability indicator (4) and/or examining the stability of the sub-
stance (3), the storage temperature is less than 70 °C, preferably less than 60 °C,
in particular less than 50 °C; and/or

for determining the stability indicator (4) or examining the stability of the sub-
stance (3), the storage relative humidity applied to the substance or the relative
humidity of the ambient condition (5) is less than 70 % r.F., preferably less than
60 % r.h., in particular less than 50 °C; and/or

a (maximum) storage time for determining the stability indicator (4) preferably ex-
ceeds 1 month, further preferably 2 month, in particular 3 months or 6 months;
and/or

the stability of the substance (3) packaged with the packaging system (2) is simu-
lated as or by means of the stability indicator (4); and/or

the stability of the substance (3) packaged with the packaging system (2) is opti-
mized by amendment of stability influencing factors, in particular by varying com-
ponents or procedures the packaging system (2) is characterized by; and/or

non-linear or non-linearized sorption isotherms or corresponding sorption data /
sorption characteristics are approximated and/or used; and/or

relaxation times, in particular with regard to humidity or water content of the pack-
aging material and/or the substance, are considered, in particular for determining
starting points; and/or

a compatibility of the substance (3) with particular packaging material, preferably
for determining the stability indicator (4), is examined by storing the substance (3)
directly with parts or sections of the packaging material, preferably wherein a
sample of the substance (3) stored with and a different sample (3) stored without
the parts or sections of the packaging material are examined and the examination
results are compared or considered differently; and/or
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a quantity of drying agent, in particular a drying agent preconditioned for a particu-
lar relative humidity, is determined or estimated, preferably by means of the
(SynPD) model; and/or

an arrangement and/or a position to each other and/or a number of multiple in-
stances of the substance 3 to be packaged, e.g., tablets in a blister or a bottle, are
considered for determining, in particular calculating or simulating, the suitability
indicator 1 and/or the packaging system 2; and/or

a particular packaging system 2, which can be considered or determined accord-
ing to the present invention, comprises one or more drying processes and/or fur-
ther preconditioning processes prior to the packaging process as such, in par-
tiuclar, the substance 3 and/or the packaging material is or are used pre-dried for
packaging the substance 3; and/or

a particular packaging system 2, which can be considered or determined accord-
ing to the present invention, comprises ; and/or

a particular packaging system 2, which can be considered or determined accord-
ing to the present invention, comprises a primary packaging enclosed in a sec-
ondary packaging, in particular a blister in a pouch or in a bottle, preferably
wherein at least between the primary and the secondary package or packaging
material a drying agent is placed; and/or '

the stability indicator 4 is, comprises and/or is visualizable as the hypersurface;
and/or

the stability indicator 4 comprises multiple stability indicator values 11 and/or an a
assignment or function preferably defining stability indicator values 11, in particu-
lar a three-dimenstional or multi-dimentsional function, the stability indicator val-
ues 11 each and/or the function assigning or linking a) a particular ambient condi-
tion 5 or stability influencing factor, with b) a degradation (indicator, level, proper-
ty), and with c) the (storage) time; and/or

the suitability indicator 1 is determined or calculated by means of determining an

assignment, linkage or function a) over (storage) time of b) a particular ambient
condition 5 or or stability influencing factor of the substance 3 packaged with the
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respective packaging system 2 and, preferably, by (parallel or orthogonal) project-
ing the assignment or function on the stability indicator 4; and/or

» for open storage at constant water content of the substance 3 (while solely vary-
ing the temperature or solely a different ambient condition 5), the relative humidity
can be adapted such that the absolute water content of the substance 4 remains
unchanged and/or that a humidity gradient becomes zero

o alternatively it is preferred that the substance 3 is enclosed such that any
change in water content is avoided or minimized,

o in particular by enclosing the substance 3 in an (diffusion tight / water tight
/ vapor tight / aluminum) package, preferably at least basically in direct
contact with the substance 3 or avoiding enclosing any volume not filled
with substance 3 ,

o in particular wherein the substance 3 is pre-conditioned, in particular with a
particular water content / humidity, for example at a particular relative hu-
midity and a particular temperature (e.g., room temperature, 25 °C)

o the substance 3 can be packaged at least essentially without any volume
not filled with substance 3 after pre-conditioning and storing the substance
packaged in this manner at a temperature different than the pre-
conditioning temperature (e.g., 40 °C), in particular such that the water
content / absolute humidity is forced unvariable; and/or

» aspects of the present invention relating to water content, absolute humidity or
relative humidity can generally be applied to volatile matter or volatile components
of the substance (5) - thus the terms water content can be replaceable with con-
tent of volatile components and/or (relative) humidity with (relative) concentration
of volatile components.

One advantage of the invention is that for the simulation of active substance breakdown
and decomposition reactions and also for the release of active substance from the prod-
uct, there is no need either to explicitly determine reaction mechanisms or reaction kinet-
ics, or even to identify catalysis mechanisms. The above-mentioned processes are simu-
lated with all their effects on the product in the open storage data. In addition, the SynPD
modeling prevents trial and error loops at a later stage in the project which were previ-
ously put down to the experience-based choice of packaging means. Thus, using the
controlled procedure, the period of time up until market launch can be reduced or opti-
mized. In addition, the packaging stability can be obtained with a high probability of suc-
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cess, as the reaction of the product to various stress factors is well known thanks to the
open storage data and only the most suitable packages are used in the stability study.
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Claims:

1. Method for calculating a suitability indicator (1), which corresponds to a suitability of
a packaging system (2) for packaging a substance (3), preferably a development over
time of the uptake of water by the substance (3) packed by means of the packaging sys-
tem (2) and/or a development over time of a degradation of the substance (3) packed by
means of the packaging system (2),

wherein a stability indicator (4) which corresponds to a physical and/or chemical stability
of the substance (3) or of a component of the substance (3) is determined as a function
of at least one ambient condition (5) of the substance (3), preferably relative humidity
and/or temperature of the environment or surrounding area of the substance (3), and

wherein the suitability indicator (1) is calculated based on at least one parameter (6) re-
lating to the ambient condition (5), and with the stability indicator (4) of the substance (3).

2. Method according to claim 1, characterized in that the suitability indicator (1) is cal-
culated independently of the packaging system (2) and/or by storing the substance (3) in
the unpackaged state, and/or

that parameter (6) corresponds to a sorption characteristic / comprises sorption data (14)
and/or corresponds to a permeation property / comprises permeation data (13) of the
package V of the packaging system (2).

3. Method according to claim 1 or 2, characterized in that the ambient condition (5) of
the substance (3) being packaged in the packaging system (2) is calculated.

4. Method according to claim 3, characterized in that the ambient condition (5) of the
substance (3) packaged in the packaging system (2) is calculated with the at least one
parameter (6) of the packaging system (2) relating to the ambient condition (5), and,
preferably, the suitability indicator (1) is calculated with the ambient condition (5) that has
been calculated.

5. Method according to one of claims 2 to 4, characterized in that the parameters (6),

preferably together with sorption characteristics or sorption data of the substance or pa-
rameters corresponding thereto, form a model (15), preferably a permeation model or a
part thereof.

6. Method for calculating a suitability indicator (1), which corresponds to a suitability of
a packaging system (2) for packaging a substance (3), preferably a development over
time of the uptake of water by the substance (3) packed by means of the packaging sys-
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tem (2) and/or a development over time of a degradation of the substance (3) packed by
means of the packaging system (2), particularly according to claim 1,

wherein the suitability indicator (1) is calculated on the basis of a stability indicator (4)
which corresponds to a physical and/or chemical stability of the substance (3) or of a
component of the substance (3), on the basis of sorption characteristics of the substance
(3) and on the basis of sorption data (14) and permeation data (13) of a package V or
packaging material of the packaging system (2).

7. Method according to claim 6, characterized in that sorption characteristics of the
substance (3) and sorption data (14) and permeation data (13) of package V or a pack-
aging material of the packaging system (2) form a model, particularly a permeation mod-
el or a part thereof.

8. Method according to claim 5 or 7, characterized in that, using the model, ambient
conditions (5) of the substance (3) packaged in the packaging system (2) are calculated.

9. Method according to claim 8, characterized in that using the ambient conditions (5)
calculated for the substance (3) packaged in the packaging system (2), an influence on
the substance (3), preferably a development over time, particularly of an uptake of water
or of a water content of the substance (3), is or are calculated.

10. Method according to one of claims 5 or 7 to 9, characterized in that the suitability in-
dicator (1) is calculated using the model and/or the calculated influence of the calculated
ambient conditions (5) on the substance (3), preferably based on the stability indicator

(4).

11. Method according to one of claims 2 to 10, characterized in that sorption characteris-
tics and/or the stability indicator (4) of the substance (3) are determined independently of
the sorption data (14) and permeation data (13) of the package V or packaging material
of the packaging system (2); and/or

in that sorption data (14) and permeation data (13) of the package V or packaging mate-
rial of the packaging system (2) are determined independently of the sorption character-
istics and/or the stability indicator (4) of the substance (3).

12. Method according to one of the preceding claims, characterized in that the sub-
stance (3) is a medicament, the medicament preferably comprising as a component at
least one active substance and/or an excipient and/or being present as a solid, prefera-



10

15

20

25

30

35

WO 2015/169439 62 PCT/EP2015/000918

bly in the form of a number of discrete units, in the form of a loose dry compacted mate-
rial, in the form of tablets or in the form of capsules.

13. Method according to one of the preceding claims, characterized in that the stability
indicator (4) is determined, preferably measured, on the basis of properties of the sub-
stance (3), after the substance (3) has been exposed, in an open or unpackaged state, to
specific, preferably constant, ambient conditions (5) over a defined period of time.

14. Method according to one of the preceding claims, characterized in that the stability
indicator (4) comprises a plurality of stability indicator values (11) which preferably corre-
spond to properties of the substance (3), particularly physical and/or chemical changes,
after the substance (3) has been exposed, in an open or unpackaged state, to different
ambient conditions (5), which are preferably constant for the particular stability indicator
value (11), and/or over different, defined periods of time.

15. Method according to claim 14, characterized in that a group of stability indicator val-
ues (11) is determined, the group of stability indicator values (11) being determined by
varying only the humidity of the environment or surrounding area of the substance (3)
and/or the temperature while keeping the water content of the substance (3) constant
and, preferably, stability indicator values (11) are determined for different periods of time
over which the substance (3) has been exposed to the particular, preferably unchanging,
ambient condition (5).

16. Method according to one of the preceding claims, characterized in that the stability
indicator (4) comprises stability indicator values (11) relating to a plurality of different
ambient conditions (5) and in that the suitability indicator (1) is calculated with these sta-
bility indicator values (11) and with a plurality of parameters (6) of the packaging system
(2) relating to the particular ambient conditions (5), the parameters (6) representing the
behavior of the packaging system (2) in terms of different ambient conditions (5).

17. Method according to one of the preceding claims, characterized in that the suitability
indicator (1) represents or predicts a stability of the substance (3) when packaged using
the packaging system (2), and/or in that the suitability indicator (1) is configured to ena-
ble the suitability of the packaging system (2) for the substance (3) to be evaluated.

18. Method according to one of the preceding claims, characterized in that the suitability

indicator (1) comprises a plurality of suitability indicator values which correspond to
properties of the substance (3) or predict properties of the substance (3), after the sub-



10

15

20

25

30

35

40

WO 2015/169439 PCT/EP2015/000918
63

stance (3), packaged using the packaging system (2), has been stored over different pe-
riods of time.

19. Method according to one of claims 2 to 18, characterized in that the suitability indica-
tor (1) is calculated by extrapolating or predicting the stability characteristics of the sub-
stance (3) when packaged using the packaging system (2), using the stability indicator
(4) and one or a number of parameters (6) of the packaging system (2).

20. Method according to one of the preceding claims, characterized in that the suitability
indicator (1) and/or the stability indicator (4) corresponds to at least one degradation
property or degradation tendency of the substance (3), preferably to a property or degra-
dation tendency dependent on the ambient condition (5).

21. Method according to one of the preceding claims, characterized in that the suitability
indicator (1) and/or the stability indicator (4) corresponds to a chemical stability of the
substance (3) or of a component of the substance (3), particularly to a dissolution or de-
composition, and/or to the mechanical stability of the presentation form of the substance
(3), particularly its breaking force or disintegration, and/or to the stability of the distribu-
tion of different ingredients in the substance (3).

22. Method according to one of the preceding claims, characterized in that die ambient
condition (5) is or comprises a humidity, preferably a, particularly relative, humidity,
and/or a temperature, particularly ambient temperature, preferably in direct contact with
the substance (3).

23. Method according to one of the preceding claims, characterized in that the following
is or are also taken into account when calculating the suitability indicator (1) and/or in the
simulation model!:

a water content or a relative humidity of an atmosphere which is found or is to be en-
closed within the package (V) in the packaging process using the packaging system (2),
and which is in direct content with this substance (3) when it is packaged in the packag-
ing system (2), and/or

a water content or a relative humidity of the packaging material, and/or
a water content or a relative humidity of the substance (3),

the water content or the relative humidity being used particularly to calculate the suitabil-
ity indicator (1), to determine the packaging system (2), to calculate the ambient condi-
tions (5) in the packaged state of the substance (3), any influence of the ambient condi-
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tions (5) on the substance (3) and/or the stability of the substance (3) packaged in the
packaging system (2).

24. Method for selecting and/or automatically determining one or more packaging sys-
tems (2) for a substance (3), particularly a medicament,

wherein, using a model (15) having at least permeation data (14) and sorption data (13)
of a package (V) or one or more packaging materials of the packaging system (2) and
sorption characteristics of the substance (3), a packaging system (2) is determined or se-
lected and/or a suitability indicator (1), particularly according to one of the preceding
claims, is calculated, which corresponds to the suitability of the respective packaging
system (2) for packaging the substance (3) using the packaging system (2), particularly
under defined climatic ambient conditions (5); and/or

wherein a suitability indicator (1) is calculated for at least two different packaging sys-
tems (2) using the method according to one of the preceding claims, the suitability indica-
tors (1) are compared with one another and/or with at least one target value and, prefer-
ably, one or more packaging systems (2) is or are automatically selected or discarded
using the results of the comparison and/or a better suitability of one packaging system
(2) compared with another packaging system (2) is indicated, signaled and/or displayed.

25. Method according to claim 24, characterized in that a combination of packaging ma-
terial or packaging materials and the geometric shape of the packaging material(s) form-
ing the package (V) is selected or determined, preferably so that the combination is suit-
able for packaging the substance (3) and enables subsequent storage to take place un-
der certain climatic conditions over a given period of time without any degradation of the
substance (3) exceeding a certain threshold when stored under these conditions in the
packaged state.

26. Method according to claim 24 or 25, characterized in that a plurality of theoretically
suitable packaging systems (2) are selected or determined and the properties and/or
suitability indicators (1) that characterize the packaging systems (2) are displayed as a
comparison or contrasting juxtaposition.

27. Method according to one of the preceding claims, characterized in that the packag-
ing system (2) and/or the package V is or are characterized at least by the chemical
composition of one or more packaging materials and by a geometric shape of the pack-
aging material or materials and, preferably, also by process conditions of the packaging
process or its effects on the substance (3) and/or the packaging materials and/or by the
atmosphere enclosed together with the substance (3) during the packaging process.
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28. Method according to one of the preceding claims, characterized in that the package
(V) and/or the packaging material is characterized by its chemical composition and a ge-
ometric shape, while preferably sorption data (14) and permeation data (13) of the pack-
age (V) or packaging material take account of both the chemical composition and the
geometric shape.

29. Method according to one of the preceding claims, characterized in that sorption data
(14) and/or sorption characteristics comprise, or are represented by, sorption isotherms
or sorption capacities; and/or

in that permeation data (13) comprise, or are represented by, a permeability or permea-
tion rate, particularly in respect of water.

30. System (S) for calculating a suitability indicator (1) which corresponds to a suitability
of a packaging system (2) for packaging a substance (3), and/or for selecting and/or au-

tomatically determining one or more packaging systems (2), the system being configured
to carry out a method according to one of the preceding claims.

31. System according to claim 30, characterized in that the system (S) comprises an in-
put device for inputting a stability indicator (4) of a substance (3) as a function of at least
one ambient condition (5), particularly a measuring device (9), and a calculating device,
in particular Link (7), for calculating the suitability indicator (1) with at least one parame-
ter (6) of the packaging system (2) relating to the ambient condition (5) and with the sta-
bility indicator (4) of the substance (3); and/or

in that the system (S) comprises a packaging system database (12) in which at least
one, preferably a plurality, of parameters (6) being specific to one or more packages (V)
or packaging systems (2) is or are stored, preferably wherein the calculating device or
link (7) is configured to calculate a suitability indicator (1) with the parameter (6) and/or
the stability indicator (4).

32. Method for determining a stability indicator (4) which corresponds to a physical
and/or chemical stability of a substance (3) or of a component of the substance (3),
wherein the physical and/or chemical stability depends on multiple stability influencing
factors and/or ambient conditions (5), wherein the stability indicator (3) is determined de-
pending on one particular of the stability influencing factors and/or ambient conditions (5)
while further or the remaining stability influencing factors and/or ambient conditions (5)
are kept unvaried, in particular wherein the stability influencing factors and/or ambient
conditions (5) comprise a relative humidity of the ambient or atmosphere being in direct



10

15

20

25

30

35

WO 2015/169439 66 PCT/EP2015/000918

contact with the substance (3), and/or an absolute water content of the substance (3),
and/or the temperature of the substance (3).

33. Method according to claim 32, characterized in that the stability indicator (4) is a
function and is determined depending on time, preferably, thus the stability indicator (4)
indicating a physical and/or chemical stability of the substance (3) or of a component of
the substance (3) as a function of both time and the particuiar one of the stability influ-
encing factors, in particular wherein the function is expressed, expressable, interpolated
and/or interpolable as a hypersurface.

34. Method according to claim 32 or 33, characterized in that the stability indicator (4) for
a particular point in time and/or a suitability indicator (1) is calculated by means of deter-
mining a progress or function of the particular stability influencing factor or ambient con-
dition (5) over time and projecting the progress or function to or substituting it in the sta-
bility indicator (4), preferably projecting it to a hypersurface comprised of or formed by or
usable to visualize the suitability indicator (1), further preferably using or generating an
orthographic projection or parallel projection, in particular in the direction of degradation
and/or wherein the stability indicator (4) and/or the hypersurface is or are defined in an at
least three dimensional system comprising one or more ambient condition (5), a degra-
dation or corresponding indicator, and a time, in particular storage time, or comprises re-
spective information.

35. Method according to any one of claims 32 to 34, characterized in that an influence
on the substance (3) of the ambient conditions (5) relative humidity of atmosphere being
in direct contact with the substance (3) and temperature are determined independently of
one another, preferably by storing the substance (3) at varying relative humidity while
keeping the temperature unvarying and/or by storing the substance (3) at varying the
temperature while keeping the absolute water content of the substance (3) unvarying,

36. Method for determining a packaging system (2), the packaging system (2) compris-
ing a package (V) or at least one or more packaging materials for packaging a substance
(3), wherein

A) a permeation behavior of the packaging material in a particular shape for packag-
ing the substance (3), in particular a deep drawn shape, is determined and/or
considered; and/or

B) sorption data (14) and/or a water content of the packaging material is or are con-
sidered, preferably in addition to sorption characteristics and water content of the
substance (3); and/or
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C) a suitability indicator (1) according to any one of claims 1 to 29 is determined
and/or considered; and/or

D) a stability indicator (3) according to any of claims 32 to 35 is determined and/or
considered; and/or

E) a water content and/or relative humidity at least of the packaging material, and of
the substance (3) is or are considered; and/or

F) a chemical structure of the packaging material, and/or geometrical properties of
the packaging material, and/or preconditioning requirements for the packaging
material, and/or preconditioning requirements for the substance, and/or an
amount of drying agents to be placed inside the package (V) together with the
substance (3), and/or an amount of auxiliary materials being part of substance (3)

- or which is to be placed inside the package (V) together with the substance (3) is

or are considered and/or determined, preferably calculated based on a model (15)
and/or with a simulation environment, automatically, and/or iteratively.

37. Simulation environment for determining a packaging system (2) for packaging a

substance (3) and/or for determining a suitability of the packaging system (2) to achieve
a preset stability of the substance (3) when packaged with the packaging system (2), in
particular represented by a stability indicator (4), characterized in that the simulation en-
vironment is configured to carry out the steps of any one of claims 1 to 29 and 32 to 37.

38. Method for determining a stability indicator (4) which corresponds to a physical
and/or chemical stability of the substance (3) or of a component of the substance (3),
wherein a set of multiple samples of the substance (3) are examined at the same time
under different ambient conditions (5) characterized in that a particular one or more of
the samples of the substance (3) is or are exposed to conditions where a minimum sta-
bility of the samples of the sample set can be expected, in particular a maximum temper-
ature and/or relative humidity within the sample set, and that one or one of the particular
one or more samples is examined at several subsequent time-points until a stability deg-
radation of the particular one or more samples is determined and only after this determi-
nation, one or more of the further samples of the set are examined as well.

39. Method according to claim 38, varying only one particular stability influencing factor
or ambient condition (5) per sample and keeping further and/or the remaining stability in-
fluencing factors or ambient conditions (5) unvarying.

40. Computer-readable storage medium or computer program product comprising pro-
gram code means which when executed are configured to carry out the steps of the
method according to one of claims 1 to 29, 32 to 36, 38 and 39.
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