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Method for Cultivation of Cartilage and Spheroids thereof

Description

The present invention relates to a method for propagating or
enriching cartilage cells and providing spheroids thereof,
wherein the spheroids are useful for an autologous chondrocyte
implantation (ACI) product. Hence, the invention in particular
relates to the production of spheroids from articular

cartilage and use thereof.

Although articular cartilage demonstrates notable resilience,
this tissue is unable or is hardly able to repair itself, and
untreated legions may lead to ostecarthritis. This low
potential for spontaneous regeneration has led to the
development of cell therapies, such as autologous chondrocyte
implantation (ACI), with the aim of providing a functional and
pain-free repair of articular cartilage defects. Techniques of
this type, however, cannot guarantee cartilage regeneration,
and there have not previously been any adequate long-term
studies. Consequently, there is a high need for methods for
cartilage regeneration, for example in young active patients
with traumatic legions or even with systems of cartilage

degeneration.

Numerous studies have been carried out with chondrocytes which
have been isclated from cartilage of cattle, rabbits or sheep.
The obtained data and animal-based concepts of this type,
however, cannot be transferred to the human situation.
Detailed biochemical and molecular studies with human

chondrocytes have been hindered by a series of factors, such
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as the lack of availability of human tissue in conjunction
with the very small number of cells available in a biopsy, the
limited proliferation capacity and the high phenotypic

instability of cultivated chondrocytes.

A chondrocyte (synonymous: cartilage cell) is a cell that
originates from chondroblasts and that is established in the
cartilage tissue. Together with the intercellular substances
(extra cellular matrix (ECM)), the chondrocytes form the

primary components of cartilage.

Native articular cartilage tissue has a composition of the
extracellular matrix formed of approximately 60 to 80 % water
in relation to the wet weight of the articular tissue. The
high water content is important for the mechanical load-
bearing ability of the cartilage tissue and, together with the
proteoglycans, is important for the “sponge effect”. Resides
water, natural articular cartilage contains the structural
macromolecules of the matrix, such as collagens, proteoglycans
and non-collagen proteins. Here, the structural macromolecules

account for approximately 20 to 40 % of the wet weight of the

articular cartilage tissue.

It is already known, for example by mimicry of certain
processes of embryonal development, for example to cultivate
human cartilage cells three-dimensionally on an agarose
substrate, such that cell aggregates are produced which are
superior to the monolayer cells in terms of their
differentiation ability and which for example have cartilage-
like properties. These properties, which reflect the native
articular cartilage tissue as accurately as possible, are
characterised by the expression of collagen II (primary

structural protein in the extracellular matrix of hyaline
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cartilage), of proteoglycans, for example aggrecan, and the
intracellular chondrocyte-specific protein S100. In addition,
it is desirable for the expression of collagen I, which is
necessarily up-regulated during the cell multiplication phase
in the monolayer culture, to be reduced again in the cell
aggregates, since this protein is practically absent in native
articular cartilage. The cell aggregates thus generated
(spheroids) have been offered since 2002 for example by the
applicant (co.don AG) in order to therefore treat primarily
smaller cartilage defects caused by injury. To this end,
natural articular cartilage tissue is removed from the patient
and the cells isolated therefrom are transplanted as spheroids
following multiplication and 3D culture. An autologous

chondrocyte implantation (ACI) product is known as Spherox ®,

The cultivation of human cells in the form of three-
dimensional cell aggregates, in particular in the form of what
are known spheroids, is already authorised for clinical use in
humans, for example as autologous cartilage transplant (DE 100
13 223). DE 100 13 223 concerns a method for the in vitro
production of three-dimensional cartilage tissue and bone
tissue from bone stem cells, cartilage stem cells or
mesenchymal stem cells. Here, the cells are firstly cultivated
in a monolayer culture and are then cultivated in suspension
until a cell aggregate 1s produced that contains at least 40
vol % extracellular matrix, in which differentiated cells are
embedded. In the method, cell aggregates are produced by
cultivating cells for at least 1 - 2 weeks in cell culture

vessels coated with agarose.

US 7 887 843 B2 discloses a method for the in vitro production
of three-dimensional cartilage tissue and bone tissue, wherein

spheroids are produced from bone stem cells, cartilage stem
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cells or mesenchymal stem cells by cultivating 1 x 10° cells
for at least two weeks. The spheroids produced in accordance
with US 7 887 843 B2 have a diameter of 500 - 700 um after one
week. In accordance with this method, 1 x 10% or 2 x 10°
chondrocytes are cultivated for 5 days, 2 weeks 1, 2 and 3

months in order to produce spheroids.

According to the invention, patient-derived tissue biopsies
are used as starting material. The tissue-building cells are
isolated from the biopsies according to conventional methods,
using enzymatic digestion of the tissue, migration, or

reagents recognizing the target cells.

According to the invention, these cells are then subjected to
stationary culturing, wherein the cells are firstly cultivated
in a substrate supported monolayer culture (2-dimensional) and
are then cultivated in suspension in a simple fashion free of
a substrate, using conventional culture medium in cell culture
vessels in particular with hydrophobic surface, until a three-
dimensional cell aggregate is formed which includes at least
40% by volume and up to a maximum of 95% by volume of
extracellular matrix (ECM) having differentiated cells
embedded therein. Such formed aggregates are called spheroids

in the meaning of the present invention.

As cell culture vessels in accordance with the invention, the
cultivation step in suspension requires the use of those
having a hydrophobic, i.e., adhesion-preventing surface, such
as polystyrene or Teflon or the like. Cell culture vessels
with a non-hydrophobic surface can be preferably hydrophobized
by coating with agar or agarose. Further additives are not
required. Preferably, 96-well plates are used as cell culture

vessels.
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It is remarkable that the cells integrated in the spheroids
produced according to the invention survive, and that the
cells inside do not necrotize even after an advanced period of
culturing. With increasing time of cultivation, the cells
inside the aggregates undergo differentiation to form
spheroids consisting of ECM, differentiated cells and a
peripheral proliferation zone. The process of formation of the
ftissue-specific matrix with embedded cells is highly similar
to the process of tissue formation or neogenesis and
reorganization in the body. During differentiation in cell
culture, the spacing of the aggregated cells increases due to
formation of the tissue-specific matrix. A tissue histology
develops inside the spheroids which is highly similar to
natural tissue. As 1in natural cartilage, the cells inside the
spheroids are supplied with nutrients by way of diffusion
only. During the further course of spheroid production, a zone
of cells capable of proliferation and migration is formed at
the boundary of the spheroids. This zone is invaluably
advantageous in that following incorporation of the spheroids
in defects, the cells situated in this peripheral zone are
capable of migrating to make active contact with the
surrounding tissue and/or enable integration of the tissue
produced in vitro in the environment thereof. Thus, the
tissue-specific cell aggregates produced are excellently
suilitable for use in the treatment of tTissue defects and in the

in vitro and in vivo neogenesis of tissue.

However, it is an object of the invention to improve the known
method and obtainable spheroids hereto, in particular to
reduce the outcome of patients or patient populations of non-
responders or therapeutic failures and to provide a method for

higher patient’s clinical safety. Such a non-responder patient



10

15

20

25

WO 2020/240040 PCT/EP2020/065137

can be identified by a so-called change of KOOS wvalue of 8-10

points compared to the pre-operative situation (Roos EM,

Lohmander LS. The Knee injury and Ostecarthritis Outcome Score

(KOOS) :

from joint injury to ostecarthritis. Health Qual Life

Outcomes 2003; 1: ©64.).

Surprisingly, the inventors have concluded from a study

including 120 patients (NCT01225575 and NCT0122259) that

method related operational ranges or process parameters have a

valuable impact on the spheroid’s efficacy.

Hence, the underlying technical problem is solved by at least

one claim, wherein the cultivation time is a critical feature.

Particularly, the invention relates to a method for

propagating or enriching cartilage cells and providing

spheroids thereof comprising the steps:

a.)

isolating cartilage cells from tissue of human or
animal origin,

cultivating cells from a.) in expanding a monolayer
(2D), wherein the monolayer is placed on a substrate,
taking the monolayer from a.) and cultivating said
cells in a suspension in a 3D environment,

wherein the total cultivation time of step b.) and
step c¢.) 1is equal or less than 55 days calculated
from the starting time of step a.), and wherein the
time duration of step b.) is more than 10 days.

selecting the obtained spheroids.

In a preferred embodiment of the invention, the time duration

of step b.) is less than 38 days and / or the time duration of

step c.)

is less than 28 days.
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In a preferred embodiment of the invention, the time duration
of step b.) is more than 10 days or more than 16 days or more

than 20 days and less than 38 days.

In a preferred embodiment of the invention, the time duration
of step b.) is more than 10 days and equal or less than 16

days.

Surprisingly, the spheroids obtained are optimized
respectively amount and size (diameter) and hence spheroids of
best efficacy are provided leading to a sustainable reduction
of patients or patient populations of non-responders or
therapeutic failures, in particular patients with a KOOS wvalue

<8 as outlined below.

Hence, the spheroids obtained and selected consist of cells in
the optimized range of 3,000 to 200,000 cells, preferably in
the range of 3,500 to 75,000 cells.

Moreover, spheroid’s diameter (size) 1s in the optimized range
of 100 to 1,000 um, preferably 200 to 900 um or preferably 240
to 870 pm.

Such spheroids obtained or selected are most effective and
curable for the treatment of 10 cm? defects, wherein an amount

of 10-70 spheroids / cm? are used.

The spheroids obtained in this way are processed further to

form pharmaceutical preparations.

Within the meaning of this invention, “substrate” shall mean

any material suitable for carrying a monolayer.

Cultivation is performed using cell culture conditions and

culture media that are known to one of ordinary skill in the
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art (Schubert T, Anders S, Neumann E, Schdolmerich J,
Hofstadter F, Grifka J, Muller-Ladner U, Libera J, Schedel J.
Int J Mol Med. 2009 Apr;23(4):455-60.).

The method of the invention permits the advantageous
enrichment and propagation of cartilage cells and spheroids

thereof.

According to the invention, a negative correlation was found
between the KOOS values and process parameters such as the
monolayer cultivation time before the first passage (in short:
P0O) (Spearman, P=0.025) (Fig. 1A), the spheroid cultivation
time (in short: 3D) (P=0.026) (Fig. 1C) and the total
cultivation time of chondrocytes in monolayer (in short: ML)
and spheroids (P=0.007) (Fig. 1E). In Figure 1 the KO0OS
overall delta scores are plotted against the cell cultivation
times in PO, 3D and ML plus 3D for every spheroid batch of
patients, showing the negative correlation (Fig. 1A-C). These
initial findings suggest that shorter cultivation times are
beneficial for the quality of the product represented by a
better clinical outcome after implantation. This is supported
by the observation that the non-responder group (KOOS <8) had
received spheroid batches that have been manufactured with
significant longer cultivation times in PO compared to the
responder group (Fig. bA). Also, the total cell culture
duration of ML and 3D, appeared to be longer on average in the
non-responder group (Fig. 5B). This underscores the need to
newly define and restrict the operational ranges or process
parameters for cell culture time based on study data to avoid
a negative impact on the spheroid’s efficacy and disadvantage

on patient’s outcome.
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To determine a provisional maximum time for chondrocyte
cultivation, the batches with the longest cultivation time
were subsequently deleted from the data set until the negative
correlation disappeared (Spearman’s correlation coefficient).
For the ML cultivation time before the first passage, PO, a
maximum cultivation time without a negative effect on clinical
outcome was defined at 19 days. However, at 19 days of
cultivation in PO the batch belonged to a non-responder.
Therefore, the provisional maximum cultivation time was set at
18 days (Fig. 1D). A provisional maximum allowed time for
spheroid cultivation was set at 31 days (Fig. 1E). For the
total cultivation time in ML and 3D when those batches that
have been cultivated for more than 16 days in PO and 28 days
in 3D were eliminated from the data set only batches with
cultivation times until 55 days were left. In this group of
patients/batches there was surprisingly found no correlation

between total cultivation time and efficacy (Fig. 1F).

Since the correlation coefficients between the clinical
outcome and PO, 3D and total cultivation times were very low
(=0.2), the batches that were produced with high cultivation
times were further analysed for the occurrence of non-
responders (KOOS score <8). This revealed a remarkable high
non-responder rate of 80% in the group of patients treated
with spheroid batches cultivated in ML PO between 19 and 28
days, and 61.5% for batches cultivated between 16 and 28 days
(cf. Table 1). Batches cultivated up until 16 days displayed a
non-responder rate of 28%, which is significantly lower
compared to the 31.7% of non-responders in the complete
clinical study group. Considering the non-responder rate

together with the feasibility of cultivation times during
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manufacturing, the provisional maximum cultivation time was

defined at, but not further restricted than 16 days.

The same analysis was performed to define a provisional limit
for spheroid cultivation time. After deleting spheroid batches
that have been cultivated longer than 32 days from the data
set, the negative correlation disappeared (Fig. 1E). However,
a provisional limit was set at 31 days since spheroid batches
cultivated for 32 days all belonged to non-responders (n=4).
Furthermore, patients treated with spheroids cultivated in 3D
between 32 and 42 days showed a relatively high non-responder
rate of 59% (n=17) (cf. Table 2) underscoring the requirement
to also limit 3D cultivation time. A possible restriction up
until 28 days was considered to further reduce the non-
responder rate. Indeed, between 29 and 42 days of cultivation,
a non-responder rate of 50% indicates that further limitation
of the cultivation time in 3D could improve the responder
rate. In line with this, the non-responder rate was lower in
the group when cultivation was restricted from 42 up until
maximal 28 days; non-responder rate of 31.7% versus 26.6%
respectively (cf. Table 2). Again, based on not only the non-
responder rate but also the feasibility for spheroid
cultivation time, the spheroid cultivation time was further

restricted to a maximum of 28 days.

As expected from the separate assessments of ML and 3D
cultivation times, the total cultivation time also correlated
negatively with clinical outcome (Fig. 1C). In order to
identify additive effects of ML and 3D during the
manufacturing process, first the individual effects were
excluded by eliminating batches that were cultivated over 16
days in PO and over 28 days in 3D from the data set containing

52% non-responders (cf. Table 3). The group of spheroid
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batches that remained in the analysis, were cultivated equal
or less than 55 days. In this group no correlation could be
found between cultivation time and clinical outcome, thus
demonstrating that no additive effects of PO and 3D together
were present when batches were cultivated within the newly
defined cultivation times (Fig. 1F). Further restrictions
based on non-responder rate would therefore only consider the
influence of the entire cultivation time (ML+3D) on clinical
efficacy or safety. The group of batches that have been
cultivated up until 55 days showed a non-responder rate of
26.1% which is a significant improvement compared to the 31.7%

of the total group of batches.

Therefore, the total cultivation time is to be limited to
equal or less 55 than days in accordance with the best mode of

the invention.

Altogether, these analyses demonstrate a high non-responder
rate of batches with long cultivation times and underscore the
need to adjust the operational ranges for chondrocyte

cultivation times.

Considering the high occurrence of non-responders among
patients that have been treated with batches with long
cultivation times, the non-responder and responder groups were
compared for extended cultivation times outside the newly
defined limits. From this point on, only patients that were
included in the study were further analysed, since this study
group enables a comparison to the micro-fracture (MFX)
treatment group. In the study, 25% (n=12) of the total patient
group did not respond to the ACI treatment after 1 year after
implantation. If we look at this group, two out of 12 (16.7%)

non-responders appeared to have been cultivated longer than 16
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days in PO, whereas for only 8.5% of the responder this was
the case (n=3 out of 36). A more striking discrepancy was seen
between non-responder and responder for prolonged 3D
cultivation time; 7 out of 12 batches belonging to the group
of non-responder (58.3%) have been cultivated in 3D longer
than 28 days, whereas this was the case for only 16.6% of the
responder batches (n=8). The over-representation of batches
that were manufactured out of the newly restricted cultivation
times in the non-responder groups (66.7%) compared to the
responder groups (22.2%), demonstrates again the need to
adjust the cultivation times. In the total group of the study
67% of the batches were produced according to the more
stringent operational ranges (ORs), subgroup 1, and 33% of the
batches have been produced outside the newly defined

cultivation limits, subgroup 2.

If the operational ranges or process parameters would not be
related to clinical efficacy, the distribution of batches that
did not result in a clinical improvement after ACI, would have
been equally distributed between the group of batches with
short and long cultivation time. Therefore, these analyses
indicate that the initial correlation analysis between KOOS
and cultivation times and that the manufacturing process can
cause, at least partly, loss of efficacy of the chondrocyte

spheroids used for ACI.

If restriction of cell cultivation times is effective such
that improvement of clinical efficacy of the ACI treatment can
be expected, the possible improvement for study batches was
quantified by comparison with the comparator MFX. After
defining new limits for cell cultivation times in ML, 3D and
total cultivation time, a retrospective assessment of the

clinical data was conducted. Here, patients were divided into



10

15

20

25

30

WO 2020/240040 PCT/EP2020/065137

13

two groups. This division is based on the elimination of
batches from the study data set as described before. The
subgroups consist of spheroid batches that were either
produced within the newly defined operational ranges for the
process parameter PO, 3D and ML plus 3D, Subgroup 1, or out
of these ranges, in at least one of the cultivation phases,
Subgroup 2. The differences in cultivation times between the

two subgroups are depicted in Figure 2.

Here, it is shown that the cultivation times in monolayer (ML)
and 3D and the total cultivation time (ML plus 3D) were

significantly longer in the batches of Subgroup 2 (Fig. 2B-D).
For PO however, there was no statistically significant

difference between the two subgroups (Fig. 2A). This is due to
the fact that some batches with extended 3D cultivation times,
and therefore assigned to Subgroup 2, still had PO cultivation

time within the newly defined range.

Subgroup 1, consisting of 32 patients that were treated with
chondrocyte spheroids produced with restricted cultivation
times, was compared with the total group of study patients to
find differences in clinical outcome. This subgroup contains a
higher amount of responder of 87.5%, compared to 75% in the
total study group (Fig. 3). In contrast, the subgroup of 16
patients that were treated with spheroid batches cultivated
outside the newly defined operational ranges showed only 50%
positive clinical outcome after 1 year after implantation

(Fig. 3).

In order to compare the clinical improvement of patients
treated with spheroids produced by the adjusted manufacturing
process, a superiority analysis was performed between these

batches and micro-fracture treatment (MFX), cf. Table 4.
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Table 4:
ACI __1

ACI MEFX Subgroup ISuogroup

Total 1 2
Number of 48 49 32 16
patients
Mean KOOS overall 22.16 16.09 26.63 13.22
delta
Std. Deviation 18.29 15.10 18 15.98
KOOS diff. of 5.75 - 10.21 -3.19
means vs MFX
Cl 95% diff of -1.03 - 2.53 -12.56
means

Study clinical outcome after 1 year after implantation of the
ACTI product demonstrated to be non-inferior compared to micro-
fracture (MFX) surgery (Fig. 4). The difference between the
KOOS (overall delta) means of the chondrocyte spheroid-based
ACI compared to MFX was in favour of the ACI treatment with
5.75 points after 1 year after implantation. With a confidence
interval of 95% (CI 95%), a lower bound of -1.03 demonstrated
non-inferiority of the ACI treatment compared to MFX (Fig. 4).
In order to address a possible improvement of KOOS-based
clinical outcome of the subgroup that has been manufactured
within the newly defined operational ranges, the difference of
the means between the ACI Subgroup 1 and MFX KOOS scores was
calculated. This Subgroup of spheroid batches represents the
current commercial manufacturing process of Spherox® and a
mean difference of 10.21 compared to MFX (CI 95%) and a lower
bound of 2.53 now showed superiority over MFX at (Fig. 4).
Thus, the retrospective elimination of a specific group of
batches with long cultivation times from the data set results

in a higher average KOOS scores in this group.
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The invention further relates to an implant, transplant and
functional replacement tissue obtainable by the method
according to the invention. The implant, transplant or
functional replacement tissue produced in vitro or in vivo can
be introduced into the surrounding native tissue of the
recipient, preferably by injection. No cell division takes
place in the spheroids produced by the method according to the
invention, that is to say also in the implant, transplant or
functional replacement tissue. If the functional tissue is
introduced into native tissue, the spheroids then attach to
the native tissue (adhesion) and migrate into the gaps
(migration), but without dividing. An optimal
supply/restoration is thus ensured, but without the risk of an
uncontrolled proliferation of the functional replacement
tissue. To this end, the obtained spheroids of the invention
produced in vitro are injected into the diseased or degraded
tissue. To do so, an injection needle or other suitable
application system must have at least the diameter of the
spheroids. Appropriate transport and injection systems are

disclosed in applicant’s DE102009025347A1 and EP2345450B1.

The invention also relates to a preparation, in particular a
pharmaceutical preparation or a tissue preparation, a drug, a
transplant or an implant consisting of or containing

spheroids, which is obtainable by the method according to the

invention and optionally further excipients and additives.

The invention also relates to pharmaceutical preparations,
tissue preparations and drugs, in particular suspensions and
solutions, in particular injection solutions, which contain
the spheroids according to the invention and optiocnally

further excipients and additives.
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The invention also relates to the specific
therapeutic/pharmaceutical use of a pharmaceutical preparation
according to the invention, a tissue preparation, a drug
according to the invention, a transplant according to the
invention or implant according to the invention for treating
cartilage defects and/or bone defects, in particular traumatic
cartilage defects and/or bone defects, lesions, in particular
traumatic lesions, cartilage degeneration, bone degeneration,
osteocarthritis, and for therapeutic cartilage regeneration

and/or bone regeneration in vivo.

The following figures and examples will explain the invention,
but without limiting the invention to the figures and

examples.

In total 120 patients of the study (supra) were used for

statistical correlation analyses between clinical outcome and

the operational ranges or process parameter.

The primary

endpoint to measure for clinical efficacy used in the study

was the ‘Knee injury and Osteocarthritis Outcome Scores’

change from baseline.

Data from 72 patients,

(KOOS)

48 patients with

ACI and 49 patients with MFX treatment were assessed in the

present study and are provided in Table 5.

Table 5: Patient demographic data from the study

éSkl)g roup 1 éSkl)g roup 2 /_?_\CC)‘:[; MFX
number of patients 32 16 48 49
Sex male, n (%) 21 (66%) 9 (56%) 30 (63%) 27 (55%)
Age [years] Mean (SD) 35(9) 37 (10) 36 (10) 37 (9)
Mean (SD) 26,1 (3,2) 25,0 (2,5) 25,8 (3,1) 25,9 (3,0)
BMI [kg/m2] Min. 19,0 21,0 19,0 18,2
Max. 31,2 28,4 31,2 30,0
Patient smoking habit yes, n (%) 9 (28%) 3 (19%) 12 (25%) 19 (39%)
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Mean (SD) 2,1 (0,7) 2,4 (0,7) 220/7) 2,0 (0,8)
Defect size pre-debridement .
[cm2] day of arthroscopy Min. 05 1.0 05 08
Max. 3,0 3,5 3,5 4,0
Mean (SD) 2,7 (0,8) 2,8 (0,7) 2,7 (0,8) n.a.
Defect size post- .
debridement [cm2] Min. 1.4 1,5 1,4 n.a.
Max. 50 3,8 5 n.a.
Defect location (primary)
ICRS grade Il or IV Femur 32 16 48 49
Femur 0 0 0 0
Presence of further defects " o o o
< ICRS grade Ill Tibia, n (%) 2 (6%) 1 (6%) 3 (6%) 3 (6%)
Patella, n (%) 6 (19%) 4 (25%) 10 (21%) 10 (20%)

ACI: autologous chondrocyte implantation. MFX: micro-fracture
surgery. n: number. BMI: body mass index. SD: standard
deviation. Min.: minimum. Max.: maximum. N.a.: not annotated.
ICRS: International Cartilage Regeneration & Joint

Preservation Society.

The overall KOOS score (including all subscales) before
arthroscopy (= base line) and after 1 year after implantation
were used [19]. The clinical outcome was defined as positive
at a difference of at least 8 points between the two scores;
overall change from baseline, and is based on the minimal
important change (MIC) of 8-10 as described in the user’s

guide for KOOS questionnaires (www.koos.nu).

The operational ranges of monolayer cultivation times between
the different cell culture passages, spheroid cultivation time
and the total cultivation time used in the manufacturing
process were statistically assessed against clinical outcome

for every batch produced for the study.

To subsequently get insight if the newly defined ranges and

limits used for cell culture times could have an effect on the
product’s efficacy, 48 patients of the study were divided into
one group that were treated with batches produced according to

the newly defined cell culture times (Subgroup 1) and a second
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group of batches that was produced outside these limits
(Subgroup 2). Mean values of KOOS overall delta scores of
respectively the total group, Subgroup 1 and Subgroup 2 were
compared with the MFX group (Superiority analysis). Patient

characteristics of the two subgroups are listed in Table 1.

Statistical analysis

Differences between means were tested using Mann-Whitney’s
unpaired t-test (two-tailed, with P-value<0.05 considered
significant). Correlation analyses were performed using
Spearman’s correlation coefficient, with a P<0.05 considered
significant. Superiority/ non-inferiority analysis of the ACI
Lreatment compared to MFX treatment was performed by an
unpaired t-test with Welch’s correction with a 95% confidence
interval. All statistical analyses were performed using

GraphPad Prism v6 (GraphPad Software, USA).

Figure 1. Clinical outcome correlate with cell cultivation

times

From 120 spheroid batches used in the study, the operational
ranges were assessed against clinical outcome after 1 year
after implantation. Long cultivation times in monolayer before
the first passage (PO) (A), in 3D (spheroids) (B) and total in
ML and 3D (C) correlated with low KOOS overall delta scores.
Fliminating spheroid batches from the data set that were
produced with long cultivation time resulted in loss of
correlation in PO (D), 3D (E) and total cultivation time (F).
This enabled to set provisional limits (arrow) for maximum
cultivation times such that cultivation time does not have a
negative effect on the drug product’s efficacy. Maximum
cultivation time for PO was set at 18 days (D), for 3D at 31
days (E) and for the total cultivation time in ML and 3D at 55
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days (F). r=Spearman correlation efficient with a P-value
<0.05 is considered significant. KO0OS= Knee injury and

Osteoarthritis Outcome Score.

Figure 2. Chondrocyte cultivation times in Subgroup 1 and

Subgroup 2 of the study

Study batches were divided into two subgroups; subgroup 1 that
have been cultivated within the newly defined maximum
cultivation times, and subgroup 2 that have been cultivated
outside these limits. Spheroid batches were cultivated
significantly longer in subgroup 2 considering ML total
cultivation time, P=0.003 (B), 3D, P<0.001 (C) and total
cultivation time in ML and 3D, P<0.001 (D). In PO (A),
cultivation time was not significantly different between the
two subgroups (P=0.075) because this subgroup contains batches
with long 3D cultivation time (>28 days) that have been
cultivated within the ORs in PO (< 16 days). Means between
groups were analysed using the Mann-Witney t-test (two-sided)

with P- value < 0.05 considered significant.

Figure 3. Spheroid batches with short cultivation times

show improved responder rate

The patients that underwent ACI were divided into two
subgroups: Subgroup 1 consisting of patients treated with
spheroid batches manufactured with restricted cultivation
times, and Subgroup 2 that were treated with spheroid batches
with longer cultivation times. A: From the total study group
of patients, 75% of the spheroid batches belong to responder
patients (KO0S$>8). B: In subgroup 1, 87,5% of the patients
showed a relevant clinical improvement (KO0OS>8), whereas in

subgroup 2 (C) only 50% of the patients. D: In the study
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comparator group (MFX) 69% of the patients showed a clinical

improvement after 1 year (K0O0S>8).

Figure 4. Superiority/ non-inferiority analysis of Subgroup 1

and 2

The clinical outcome from patients included in the study, 1
year after transplantation shows non-inferiority compared to
microfracture (MFX). The two subgroups derived from the study
that contains spheroid batches either cultivated within the
newly defined ORs, Subgroup 1, or outside the newly defined
ORs, Subgroup 2. The means of KOOS overall delta scores of the
total group of patients, Subgroup 1 and Subgroup 2 were
compared with the mean KOOS overall delta scores of the MFX
treated patients, 1 year after treatment. The retrospective
selection of spheroid batches that have been manufactured
within the more restricted cultivation times results in the
selection of patients with a clinical outcome that show

superiority over MFX treatment.

Figure 5A, bHBR Longer chondrocyte cultivation times in the

group of non-responder patients

From 120 patients that were included in the study, the non-
responder patients (KOOS overall delta score <8) received
spheroid batches that were produced with significantly longer
cultivation times in PO (A) and total cultivation times (B).
Mann-Witney t-test with p<0.05 considered significant. PO=
monolayer cultivation time of isolated chondrocytes before the

first passage.

Table 1: Defining the operational ranges (OR) of the inventive

process using the non-responder rate in relation to cell
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cultivation time. Patient IDs in grey, marked with N’

correspond to non-responder patients (KO0S<8).

Table 2: Defining the operational ranges (OR) of the inventive
process using the non-responder rate in relation to spheroid
cultivation time. Patient IDs in grey, marked with N’

correspond to non-responder patients (KO0S<8).

Table 3: Defining the operational ranges (OR) of the inventive
process using the non-responder rate in relation to total
cultivation time (monolayer and 3D). Patient IDs in grey,

marked with ‘N’ correspond to non-responder patients (KO0OS<8).

Further references:

Niemeyer P, Laute V, John T, Becher C, Diehl P, Kolombe T, et
al. The Effect of Cell Dose on the Early Magnetic Resonance
Morphological Outcomes of Autologous Cell Implantation for
Articular Cartilage Defects in the Knee: A Randomized Clinical

Trial. Am J Sports Med 2016.

Becher C, Laute V, Fickert S, Zinser W, Niemeyer P, John T, et
al. Safety of three different product doses in autologous
chondrocyte implantation: results of a prospective,

randomised, controlled trial. J Orthop Surg Res 2017; 12: 71.

Schubert T, Anders S, Neumann E, Scholmerich J, Hofstadter F,
Grifka J, et al. Long-term effects of chondrospheres on
cartilage lesions in an autologous chondrocyte implantation
model as investigated in the SCID mouse model. Int J Mol Med
2009; 23: 455-460
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Table 1:

PatientID | R/N PO {days) non-responder {%)
All patients: 7-28 31.7%
Patients new

OR: <16 28%
N 28 ]
R 20
N 20|  80%
N 20
N 19
N 18| ]
R 18 ~ 61.5%
N 17
N 17| +~ 50%
R 17
N 17
24341 R 17
2440 R 17| .
2103 R 16
1322, R 15
2104, R 15
N 15
N 14
N 14
N 14
R 14
N 14
22197 R 14
22231 R 14
2286, R 14
2294 R 14
2301 R 14
2418 R 14
2420 R 14
N 14
N 14
1102 R 13
1114, R 13
1201 R i3
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PatientID | R/N PO {days) non-responder (%)
All patients: 7-28 31.7%
Patients new

OR: <16 28%

N 13
1802 R 13
1808| R 13
2231 R 13
N 13

N 13

N 13

N 13

N 13

2435 R 13
2441 R 13
2601 R 13
2709 R 13
1118 R 12
1120 R 12
N 12

R 12

N 12

N 12

N 12

1707 R 12
2251 R 12
N 12
2409 R 12
2410 R 12
N 12

R 12

N 12

1105 R 11
1107 R 11
1108 R 11
N 11
1122 R 11
1126 R 11
N 11

R 11

N 11

R 11

N 11




24

PatientID | R/N PO {days) non-responder (%)
All patients: 7-28 31.7%
Patients new

OR: <16 28%
2201, R 11
22031 R 11
2209 R 11
2221 R 11
22221 R 11
22241 R 11
2226 R 11
2244 | N 11
2254 R 11
22551 R 11
22571 R 11
2263 R 11
N 11
24021 R 11
2408, R 11
2424 R 11
N 11
1106| R 10
1109 R 10
1117 R 10
1301, R 10
1312} R 10
1602| R 10
1803 R 10
2202 R 10
2229 R 10
2238 R 10
22391 R 10
2240 R 10
2241, R 10
2248, R 10
2249 R 10
22521 R 10
N 10
2261 R 10
2273 R 10
2284, R 10
2287 R 10
N 10
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PatientID | R/N PO (days) non-responder (%)
All patients: 7-28 31.7%
Patients new

OR: <16 28%
1112} R 9
1123} R 9
1204 R 9
N 9
1307 R 8
2706 R 8
2256 R 7
2259 R 7

R: responder. N: non-responder. OR: operational ranges.
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Table 2:
Patient ID R/N | 3D cultivation time (days) non-responder (%)
All patients: 15-42 31.7%
Patients new <28 26.6%
OR:
1201 R 42| | )
N 21
N 39
1312 R 39
1804 R 38
N 38
2248 R 35
2287 R 35 59%
2402 R 35
2221 R 34
. 34 . 50%
. w 33
23] N 33
. B 32
. N 32
. 65| N 32
. N 32 |
1167 R 31 7]
21041 R 31
N 31
2256 R 31 - 33%
2263 R 31
2434 R 31
N 30
N 30
2418 R 29 . .
1120| R 28
N 28
N 28
22291 R 28
2238 R 28
2239 R 28
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2249, R 28
2273, R 28
2439 R 28
1102| R 27
N 27
2224 R 27
22411 R 27
2251 R 27
2254 R 27
2257, R 27
2277, R 27
24411 R 27
N 27

N 26

N 26

2240, R 26
2252 R 26
2408, R 26
1123 R 25
N 25

R 25

N 25

N 25

N 25

2261, R 25
2420 R 25
2435, R 25
2440, R 25
1126 R 24
1307| R 24
1322 R 24
1808 R 24
2103, R 24
22231 R 24
2231, R 24
2259 R 24
2286, R 24
2284, R 24
N 24
2706 R 24
1105 R 23
1108 R 23
N 23
1122 R 23
1204 R 23
1309 R 23
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2410 R 23
2424 | R 23
1109| R 22
1112 R 22
1304 R 22
N 22

R 22

N 22

2301 R 22
1114 R 21
1707| R 21
1802 | R 21
2202| R 21
N 21

R 21

N 21

2409| R 21
1106| R 20
1117 R 20
N 20
N 20
1803| R 20
2201 R 20
2203| R 20
2209 R 20
22221 R 20
2226| R 20
2284| R 20
N 20
N 20
26011 R 20
2709 R 20
1118| R 19
N 19

N 19

N 19

N 18

N 18

2216| R 17
2219 R 17
1301 R 16
1602| R 15

R: responder. N: non-responder. OR: operational ranges.
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Table 3:
ML+3D
Patient ID R/N | cultivation time {days) non-responder (%)
All patients: 39-76 31.7%
Patients new <55 26%
OR:
1804 R 76| M
N 74
1201} R 73
1312} R 68
N 67
N 66
N 66
R 65
N 64
N 62
N 62
2104, R 61
2402 R 61 ~ 50%
2418 R 60
N 59
N 59
R 59
N 59
2248 R 59
2263 R 59
N 59
R 59
N 59
R 59
N 58
R 56
N 56
24401 R 56| _
1120| R 55
1322 R 55
N 55
1102 R 54
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N 54
24081 R 54

2420 R 54

24411 R 54

N 54

N 53

N 53

N 53

1808 R 53

2103} R 53

2251} R 53

24391 R 53

N 52

N 52

R 52

N 52

2223 R 52

22241 R 52

2229| R 52

2231 R 52

2238 R 52

2239 R 52

22401 R 52

2241 R 52

N 52
2249, R 52

2252 R 52

22541 R 52

2256 R 52

2257 R 52

2273 R 52

2286| R 52

2294 R 52

2435 R 52

1126| R 49

1603| R 49

N 49
1105| R 48

1108 R 48

1114 R 48

N 48
1122 R 48

1309 R 48

N 48
1802 R 48

1803| R 48
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2410| R 48
2424| R 48
1112] R 47
1117] R 47
1118| R 47
1304| R 47
N 47
N 47
R 47
N 47
R 47
N 47
N 47
2706| R 47
2709| R 47
1204| R 46
N 46
R 46
N 46
N 46
2601| R 46
1109| R 45
1123| R 45
2201| R 45
2202| R 45
2203| R 45
2209| R 45
2216| R 45
2219| R 45
2222| R 45
2226| R 45
2255| R a5
2259| R a5
N 45
R 45
N 45
R 44
N a4
1106| R 43
1301| R 40
1602| R 40
2301| R 39

R: responder. N: non-responder. OR: operational ranges.
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Claims

. Method for propagating or enriching cartilage cells and

providing spheroids thereof comprising the steps:

a.) cartilage cells from tissue of human or animal origin
are used as starting material,

b.) cultivating cells from a.) in expanding a monolayer,
wherein the monolayer is placed on a substrate,

c.) taking the monolayer from b.) and cultivating said
cells in a suspension in a 3D environment,

d.) wherein the total cultivation time of step b.) and
step c.) 1s at least 39 days but no more than 55 days
calculated from the starting time of step a.),
wherein the time duration of step b.) is more than 10
days, and the time duration of step c.) is at least
15 days but no more 28 days,

e.) selecting the obtained spheroids.

. The method according to claim 1, wherein the time duration

of step b.) is equal or less than 16 days.

. The method according to claim 1, wherein the spheroids

consist of more than 3,000 cells.

. The method according to claim 1, wherein the spheroids
consist of cells in the range of 3,000 to 200,000 cells,
or in the range of 3,500 to 75,000 cells.

. The method according to claim 1, wherein the spheroid’s
diameter is in the range of 100 to 1,000 pum, 200 to 900 pm
or 240 to 870 um.



