
Osteoarthritis and Cartilage Open 2 (2020) 100033
Contents lists available at ScienceDirect

Osteoarthritis and Cartilage Open

journal homepage: www.elsevier.com/journals/osteoarthritis-and-cartilage-open/2665-9131
Clinical outcome is significantly better with spheroid-based autologous
chondrocyte implantation manufactured with more stringent cell
culture criteria

C. Eschen a, C. Kaps a, W. Widuchowski b, S. Fickert c,d, W. Zinser e, Ph Niemeyer f, G. Ro€el a,*

a CO.DON AG, Teltow, Germany
b Hospital of Orthopedics and Trauma Surgery Piekary Slaskie, Poland
c Sporthopaedicum Straubing, Straubing, Germany
d University Medical Centre Mannheim, University of Heidelberg, Mannheim, Germany
e St. Vinzenz Hospital, Dinslaken, Germany
f Department of Orthopedic Surgery and Traumatology, Freiburg University Hospital and OCM Clinic, Munich, Germany
A R T I C L E I N F O

Keywords:
ATMP
Manufacturing
Knee
ACI
Cartilage
Clinical trial
* corresponding author. CO.DON AG, Warthestra
E-mail address: g.roel@codon.de (G. Ro€el).

https://doi.org/10.1016/j.ocarto.2020.100033
Received 1 October 2019; Accepted 20 January 20
2665-9131/© 2020 The Authors. Published by Elsev
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
S U M M A R Y

Objective: Spherox (CO.DON AG) is an autologous chondrocyte implantation (ACI) product, consisting of spher-
oids of human autologous matrix-associated chondrocytes. The tendency of primary chondrocytes to dediffer-
entiate during cultivation and the high biologic variability caused by the autologous nature of the starting
material makes it challenging to design a manufacturing process that performs consistently and delivers products
that meet their intended function and the high quality criteria for cell-based ATMPs. The current study was
submitted during the European authorization procedure, and addresses the requirement to justify the operational
ranges of the manufacturing process using clinical data.
Methods: In order to define the operational ranges, statistical correlation analyses were conducted between pro-
cess parameters and clinical improvement data of 120 patients from Phase II and III treated with ACI (KOOS score,
1 year follow-up).
Results: This approach identified cell culture time as a critical process parameter that negatively correlates with
the product's efficacy. Subsequent analyses of the Phase III patients that were treated with chondrocyte spheroids
that have been manufactured with shorter monolayer and spheroid cultivation times showed a higher average
clinical improvement as well as a higher responder rate compared to the total group. In addition, retrospective
analyses demonstrated superiority for the treatment with short-cultivated chondrocyte spheroids over micro-
fracture treatment.
Conclusion: These findings underscore the need to use clinical data to optimize the manufacturing process for
autologous cell-based therapies. We expect that restricting the cultivation times during manufacturing minimizes
the production of suboptimal batches, thus ensuring an efficacious product.
1. Introduction

In order to improve cartilage repair treatment, several autologous
cartilage implantation (ACI) therapies have been developed that are
based on chondrocyte isolation from a cartilage biopsy which are
expanded ex vivo and subsequently implanted into the cartilage defect [1,
2]. To optimize cell differentiation state in autologous chondrocyte im-
plantation 3-dimensional matrices were developed (M-ACI), using arti-
ficial matrices that are seeded with cells [3–5] which is the third
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generation ACI ([3,6]). Cell-based therapies using chondrocytes to treat
cartilage defects seem to result in more durable formed hyaline-like tis-
sue compared to newly formed tissue after the bone marrow stimulating
procedure microfracturing [7–9] as shown by histological and clinical
data [3,9]. Repair tissue, formed in the treated lesions by MFX was found
to be fibrous of nature and may not always be sustainable [10].

Spherox (CO.DON AG, Germany) is a matrix-associated, 3-dimen-
sional ACI for the treatment of knee cartilage defects containing
human autologous chondrocytes manufactured in spherical aggregates
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[11]. The chondrocyte spheroids synthesize cartilage-specific extra-cel-
lular matrix (ECM) proteins like cartilage acidic protein 1 (CRTAC1),
glycosaminoglycans (GAGs) and aggrecan (ACAN). The capacity of the
spheroids to form new tissue has been studied ex vivo and is related to the
level of ACAN expression [12]. The treatment with Spherox (CO.DON
AG, Germany) in clinical practice is defined with 10–70 spheroids/cm2

defect for up to 10 cm2 defects and has been approved in July 2017 by the
European Commission after a centralized authorisation procedure at the
EMA (European Medicines Agency). Spherox’ European Public Assess-
ment report (EPAR) is available at: www.ema.europa.eu.

The clinical relevance for the treatment of cartilage lesions with
Spherox (CO.DON AG) has been demonstrated in Phase II and III clinical
trials [13–15]. Phase II and Phase III were both conducted as prospective
randomised clinical trials to assess the safety and efficacy of the treat-
ment. (of note: Spherox was named chondrosphere® at time of the trials).
Phase II study for dose finding demonstrated that the three dose levels
had no effect on safety and efficacy of the treatment [13,15]. Phase III
study was conducted in comparison to the procedure of micro-fracture
(MFX) and showed noninferiority over microfracture (MFX), 2 years
after treatment [14].

The manufacturing process of Spherox (CO.DON AG) consists of the
isolation of chondrocytes from a patient's cartilage biopsy by enzymatic
digestion, followed by expansion of the cells in monolayer that consists of
P0 (monolayer cultivation before the first passage), P1 (after the first
passage) and P2 (after the second passage). After cell expansion, chon-
drocytes are transferred into a 3D cultivation process in which chon-
drocytes aggregate to form spheroids being the active substance of the
final product [11,16]. Various factors, such as biopsy quality and cell
culture conditions, can influence the quality of the cells and hence the
clinical outcome after ACI treatment [17]. In order to develop an effec-
tive and consistent manufacturing process to guarantee high cell quality,
the operational ranges of the process parameter and acceptance limits of
specific quality parameter have been initially defined based on
non-clinical studies addressing phenotypic stability and genotypic sta-
bility of the chondrocytes during cultivation. These studies revealed and
thus defined the maximum population doubling level for chondrocytes
allowed during manufacturing before they start to become genetically
unstable [18]. However, these studies did not address the impact of
possible factors from the manufacturing process on the efficacy of the
drug product.

Process-related factors that affect the efficacy of the drug product can
be identified using the available data from clinical trials and process
parameter from the manufacturing process. The present study aimed to
develop a strategy to define and justify the operational ranges of the
manufacturing process based on clinical data, as part of a European
marketing authorization procedure. A retrospective analysis was con-
ducted in order to further verify if the adjusted ranges could improve the
manufacturing process such that a reduction of the non-responder rate of
the patient population after ACI treatment with chondrocyte spheroids
can be expected.

2. Method

In total 120 patients of the Phase II and III clinical trials were used for
statistical correlation analyses between clinical outcome and the opera-
tional ranges of the process parameter. The primary endpoint to measure
for clinical efficacy used in Phase II and III was the ‘Knee injury and
Osteoarthritis Outcome Scores’ (KOOS) change from baseline. Phase II
and III clinical trials are registered at www.clinicaltrials.gov with ID:
NCT01225575 and ID: NCT01222559, respectively, and were approved
by the local ethics committees and the federal authority as stated in the
original publications [13,15]. All patients signed a written consent. Data
from 72 patients from Phase II [15], and from Phase III, 48 patients with
ACI and 49 patients with micro-fracture (MFX) treatment [14] were
assessed in the present study.

The overall delta KOOS score (including all subscales) before
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arthroscopy (¼ 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 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). Since the current study was part of a
European marketing authorization procedure 1 year follow-up data were
used that were available at the time.

The operational ranges of monolayer cultivation times between the
different cell culture passages (P0, P1 and P2), total monolayer cultiva-
tion time, spheroid cultivation time and the total cultivation time
(monolayer and spheroids together) were statistically assessed against
clinical outcome for every batch produced for the clinical trials.

Correlation analyses were performed using Spearman's correlation
coefficient for non- Gaussian distributed variables, with a P < 0.05
considered significant. For statistical analysis of differences between cell
cultivation times between responder and non-responder patient groups
the Mann-Whitney's U test was used since these variables do not show a
Gaussian distribution (two-tailed, with P-value<0.05 considered signif-
icant). Superiority/non-inferiority analysis of the ACI treatment
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).

3. Results

In Fig. 1 the clinical improvement after 1 year after implantation
(KOOS overall change from baseline) is plotted against the monolayer
(ML) cultivation time before the first passage (P0), against spheroid
culture (3D) and against the total cell cultivation time (ML and 3D) for
every transplant used to treat Phase II and III patients. The negative
correlations that were found for P0 (Spearman, P ¼ 0.025) (Fig. 1A), the
spheroid cultivation time (P ¼ 0.026) (Fig. 1C) and the total cultivation
time of chondrocytes in ML and 3D together (P¼ 0.007) (Fig. 1E) are first
indication that the operational ranges could have an impact on the pro-
duct's efficacy. 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 P0
compared to the responder group (Supplementary Fig. S1A). Also the
total cell culture duration of ML and 3D, appeared to be longer on
average in the non-responder group (Supplementary Fig. S1B). This un-
derscores the need to newly define and restrict the operational ranges for
cell culture time based on clinical data to avoid a negative impact on the
product's efficacy.

To determine a provisional maximum time for chondrocyte cultiva-
tion, 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, P0, a maximum cultivation time without a negative
effect on clinical outcomewas defined at 18 days (Fig. 1D). Following the
same strategy, a provisional maximum allowed time for spheroid culti-
vation was set at 31 days (Fig. 1E).

Since the correlation coefficients between the clinical outcome and
P0, 3D and total cultivation time were 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 P0 between 19 and 28
days, and 61.5% for batches cultivated between 16 and 28 days (Sup-
plementary Table S1). 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.

Furthermore, patients treated with spheroids cultivated in 3D be-
tween 32 and 42 days showed a relatively high non-responder rate of
59% (n¼ 17) (Supplementary Table S2) 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

http://www.ema.europa.eu
http://www.clinicaltrials.gov
http://www.koos.nu


Fig. 1. Clinical outcome correlate with cell cultivation times. From 120 spheroid batches used for ACI in Phase II and III clinical trials, the operational ranges were
assessed against clinical outcome after 1 year after implantation. Long cultivation times in monolayer before the first passage (P0) (A), in 3D (spheroids) (B) and total
in ML and 3D (C) correlated with low KOOS overall delta scores. Eliminating spheroid batches from the data set that were produced with long cultivation time resulted
in loss of correlation in P0 (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 P0 was set at 18 days (D), for 3D at 31 days (E) and for the total
cultivation time in ML and 3D at 55 days (F). r ¼ Spearman correlation efficient with a P-value <0.05 is considered significant. KOOS¼ Knee injury and Osteoarthritis
Outcome Score.
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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 when
cultivation was restricted until maximal 28 days; 26.6% (Supplementary
Table S2). Considering the non-responder rate together with the feasi-
bility of cultivation times during manufacturing, the provisional
maximum cultivation times for P0 and 3D were defined at, but not
further restricted than 16 days and 28 days, respectively.

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 P0
and over 28 days in 3D from the data set. In the group of spheroid batches
that were cultivated within max 55 days, no correlation could be found
between cultivation time and clinical outcome, thus demonstrating that
no additive effects of P0 and 3D together were present when batches
were cultivated within the newly defined cultivation times (Fig. 1F). The
group of batches that have been cultivated longer than 55 days showed a
non-responder rate of 52%, whereas the group grown within 55 days
showed a rate of 26.1% (Supplementary Table S3). Therefore, the total
cultivation time was limited to 55 days and not further restricted.

In order to quantitate a possible difference of the drug product's ef-
ficacy if batches have been manufactured using long or shorter cultiva-
tion times, these limits were applied retrospectively to the Phase III group
of produced batches as described below.

From this point on, only patients that were included in Phase III were
further analysed, since this study group enables a comparison to the
micro-fracture (MFX) treatment group. In Phase III, 25% of the total
patient group did not show a relevant clinical improvement (KOOS>8) to
the ACI treatment after 1 year after implantation. 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 order to test if restriction of cell cultivation times is effective such
that improvement of clinical efficacy can be expected, the possible
improvement for Phase III clinical trial batches was quantified retro-
spectively by comparison with the comparator MFX. To do so, patients
were divided into two groups. This division is based on the elimination of
ACI batches from the Phase III data set as described before. The sub-
groups consist of spheroid batches that were either produced within the
newly defined operational ranges for the process parameter P0, 3D and
Fig. 2. Chondrocyte cultivation times in Subgroup 1 and Subgroup 2. Phase III clin
cultivated within the newly defined maximum cultivation times, and subgroup 2 th
significantly longer in subgroup 2 consideringML total cultivation time, P¼ 0.003 (B),
cultivation time was not significantly different between the two subgroups (P¼ 0.075)
that have been cultivated within the ORs in P0 (<16 days). Means between groups
considered significant.
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MLþ3D, Subgroup 1, or out of these ranges, in at least one of the culti-
vation phases, Subgroup 2. The differences in cultivation times between
the two subgroups are depicted in Fig. 2.

The cultivation times in monolayer and 3D and the total cultivation
time (ML and 3D) were significantly longer in the batches of Subgroup 2
(Fig. 2B–D). For P0 however, there was no statistical significant differ-
ence 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 P0 cultivation time within the newly defined
range.

Subgroup 1, was compared with the total group of Phase III patients
to find differences in clinical outcome. This subgroup (n¼ 32) contains a
higher amount of responder of 87.5% (Fig. 3B), compared to 75% in the
total Phase III group (Fig. 3A). In contrast, subgroup 2 contained only
50% of the patients with a positive clinical outcome after 1 year after
implantation (Fig. 3C).

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 (unpaired
t-test with Welch's correction; Supplementary Table S4). With a confi-
dence interval of 95% (CI 95%), a lower bound of�1.03 thus crossing the
non-inferiority limit as defined here at 0 points 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 manufac-
tured within the newly defined operational ranges, the difference of the
means between the ACI Subgroup 1 and MFX KOOS scores was calcu-
lated. This Subgroup of spheroid batches represents the current com-
mercial manufacturing process of Spherox and a mean difference of
10.21 compared to MFX (CI 95%) and a lower bound of 2.53 (Supple-
mentary Table S4) remained above the non-inferiority limit as defined
here at 0 points thus demonstrating superiority over MFX (Fig. 4). The
retrospective elimination of a specific group of batches with long culti-
vation times from the data set results in a higher average KOOS scores in
this group.

4. Discussion

If hyaline cartilage lesions are left untreated they may progress into
degeneration of the cartilage tissue which will lead to significant pain
and reduced function of the joint and may progress into osteoarthritis
(OA) [20]. Patients with cartilage defects up till 10 cm2 benefit from
treatment with chondrocyte spheroid-based ACI as demonstrated by
Phase II and III clinical trials [13–15]. In the present study that was part
ical trial batches were divided into two subgroups; subgroup 1 that have been
at have been cultivated outside these limits. Spheroid batches were cultivated
3D, P< 0.001 (C) and total cultivation time inML and 3D, P< 0.001 (D). In P0 (A),
because this subgroup contains batches with long 3D cultivation time (>28 days)
were analysed using the Mann-Witney t-test (two-sided) with P- value < 0.05



Fig. 3. Spheroid batches with short cultivation times show improved responder rate. From Phase III clinical trial, the patients that underwent ACI (n ¼ 49) were
divided into two subgroups: Subgroup 1 consisting of patients treated with spheroid batches manufactured with restricted cultivation times (n ¼ 32), and Subgroup 2
that were treated with spheroid batches with longer cultivation times (n ¼ 16). A: From the total Phase III group of patients, 75% of the spheroid batches belong to
responder patients (KOOS>8). B: In subgroup 1, 87,5% of the patients showed a relevant clinical improvement (KOOS>8), whereas in subgroup 2 (C) only 50% of the
patients. D: In the Phase III comparator group (MFX) 69% of the patients showed a clinical improvement after 1 year (KOOS>8).

Fig. 4. Superiority/non-inferiority analysis of Subgroup 1 and 2. The clinical
outcome from patients included in Phase III, 1 year after spheroid-based ACI
shows non-inferiority compared to microfracture (MFX). The two subgroups
derived from Phase III clinical trial that contains spheroid batches either culti-
vated 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, ACI total (n ¼ 48), Subgroup 1 (n ¼ 32) and Subgroup 2 (n ¼ 16) were
compared with the mean KOOS overall delta scores of the MFX treated patients
(n ¼ 49), 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. Difference of means with 95% Confidence Interval was calcu-
lated using unpaired t-test with Welch's correction.
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of the dossier for EU marketing authorization, clinical efficacy data
revealed that the operational ranges used in manufacturing of Spherox
(CO.DON AG) needed to be restricted.

At the start of the manufacturing process of chondrocyte spheroids a
minimum yield of chondrocytes isolated from a cartilage biopsy is
required. This cell number needs to be sufficient from the start to obtain
enough cells during monolayer cultivation for the proper dose of chon-
drocyte spheroids (10–70 spheroids/cm2 defect) within a maximum
allowed cell expansion (population doubling level). Since it is an autol-
ogous cell-based product, for every batch, the cell yield after digestion of
the biopsy is variable. Also the amount of chondrocytes required to
5

produce enough spheroids is variable per batch because of the different
defect sizes per patient (data not shown). These two factors are the main
causes for variable cultivation times in P0 and during ML cultivation in
general. To rule out that the defect size could be responsible for worse
clinical outcome rather than the cell cultivation time itself, a correlation
analysis was performed, demonstrating no statistical dependency
(Spearman's r ¼ �0.1151; p ¼ 0.2108). Moreover, cultivation time in P0
and 3D are both independent of the defect size. Also the number of cells
applied per patient did not correlate with clinical outcome (Spearman's
r ¼ �0.04857; p ¼ 0.5999).

Statistical analyses revealed a correlation between the operational
ranges and clinical outcome and it became clear that cultivation times
defined for chondrocytes in monolayer and 3D needed to be more
restricted to prevent a negative impact on the product's efficacy. Based on
these finding, the commercial manufacturing process has been adjusted
to enforce a significant improvement of the drug product's quality and it
is expected to improve the product's clinical efficacy and a reduction of
non-responder patients. Adjusting the operational ranges will however
not completely prevent the occurrence of non-responder patients. Also
process-independent factors can impair the efficacy of the ACI treatment
with chondrocyte spheroids. In the group of batches, that have been
cultivated within the newly restricted cultivation times, that is, with
cultivation times that do not correlate with efficacy of the ACI product,
still 12.5% of the patients did not show a clinical improvement after
treatment. This means that not responding to the ACI treatment is in
12.5% of the patients may not be caused by long cultivation times in ML
and 3D but is most likely caused by process-independent factors as dis-
cussed in publications regarding other ACI products [17,21]. These fac-
tors were not subject of the present study.

The correlation that was found between long cultivation times of
chondrocytes and a low KOOS overall change from baseline (KOOS
overall delta) after 1 year after implantation suggests a negative impact
of the manufacturing process on the efficacy of the ACI product. Indeed,
taking out the batches with long cultivation times from the data set
resulted in a loss of correlation between cultivation time and KOOS
overall change from baseline. In line with the correlation analysis,
spheroid batches with long cultivation times result in a four times higher
occurrence of non-responder patients (8 out of 16: 50%), 1 year after
implantation compared to 12.5% (4 out of 32) non-responder in the
group of batches that have been cultivated within the new limits. The
higher occurrence of non-responders in the group with longer cultivation
times suggests that impaired clinical improvement may be at least partly
caused by a suboptimal manufacturing process. From these non-
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responders the majority (7/8) has been cultivated too long in 3D and only
2 out of 8 in P0. (Of note: one batch out of 8 has been cultivated too long
in both P0 and 3D). This means that the highest occurrence among the
non-responders is an extended cultivation time in 3D. Extended culti-
vation times in 3D are not the consequence of cell growth characteristics
but are controlled by the coordinated appointments made with the clinic
and the patient. Further analyses of the non-responder patients as a group
confirms the previous findings and show that batches with long culti-
vation times are overrepresented in this group compared to the responder
group. The most striking difference was again found for 3D cultivation
time. 58.3% of the non-responder patient batches have been treated with
batches cultivated too long in 3D. This occurrence is much higher
compared to the 17.1% found in the responder group. This over-
representation suggests that long cultivation in 3D forms a high risk to
affect the efficacy of the ACI product in the Phase III clinical trial. This
impact is cell growth independent, since chondrocytes stop to proliferate
after forming cell aggregates in 3D culture [22] and can be avoided by
planning the implantation date with the clinic and the patient accord-
ingly. Therefore, a maximum cultivation time of 28 days has been
implemented immediately in the commercial process.

A possible cause for loss of efficacy of the spheroid ACI product after
prolonged, extensive cultivation could be found in loss of cartilage spe-
cific gene expression. From previous studies it is known that during the
expansion Phase of chondrocytes in monolayer, the cells tend to de-
differentiate and loose the expression of chondrocyte specific proteins
like collagen type II and aggrecan [23–27]. Loss of expression of key
components during chondrocyte differentiation [28] coincides with
increased expression of genes that mark the loss of a chondrocyte
phenotype into a more fibroblast phenotype [29]. This phenomenon
could therefore negatively affect the efficacy of the drug product [23,24].
Using an in vivo model it was demonstrated that dedifferentiated chon-
drocytes, caused by extended cultivation times in monolayer, were
impaired in cartilage repair and coincides with decreased expression of
cartilage specific ECM proteins with increasing passage number [30]. In
line with these findings, mRNA levels for collagen type I and II were
found to be expressed highly time-dependent, and the increased ratio of
type I/type II over time demonstrate loss of the chondrocyte phenotype
during ML cultivation [31]. The maintenance of gene expression levels of
ECM proteins, when chondrocytes are cultured in micromass suggests
that cultivation in 3D, might protect/prevent -at least
partly-chondrocytes to lose their phenotype during the first 3 weeks of
cultivation, compared to cultivation in ML [32]. These published studies
indicate that the loss of efficacy of chondrocyte spheroids by long culti-
vation times in 3D may be mediated by the loss of expression of chon-
drocyte specific genes. Although it cannot be excluded that long 3D
cultivation times sometimes coincided with impaired efficacy because of
inherited impaired cell quality.

Similar to the treatment of cartilage defects with ACI treatment
methods like MACI [3], also the treatment with Spherox results in a
higher overall KOOS scores as well as a better responder rate of the
treated patients compared to MFX, already after one year. Moreover,
retrospective assessment of the group of batches produced with restricted
cultivation time showed superiority over MFX treatment. It needs to be
taken into account though, that Subgroup 2 of Phase III (n ¼ 16) is very
small for a statistical relevant power.

Altogether, the overall response-rate in the Phase III trial after
treatment with spheroid-based ACI at 1 year follow-up was 75%, whereas
the subgroup of patients treated with chondrocyte spheroids manufac-
tured according to the more stringent cultivation times shows a
responder rate of 87%.

This underscores the fact that manufacturing of autologous cell-based
therapies such as ACI requires the justification of the operational ranges
based on clinical data. This enabled to restrict the operational ranges
such that the manufacturing process does not affect the ACI product's
efficacy. Since dedifferentiation of chondrocytes during the expansion
Phase in ML may cause degeneration and loss of chondrocyte phenotype,
6

the efficacy of this cell-based therapy may directly depend on cell culti-
vation time which may need to be improved. Thus, after implementing
the maximum cultivation times, it is expected that the efficacy of the final
product will improve and the occurrence of non-responders will be
reduced.
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