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Background/objective: The purpose of this study was to report the outcomes of a clinical trial conducted
in Japan to assess the safety and effectiveness of third-generation autologous chondrocyte implantation
(ACI) using IK-01 (CaReS™), which does not require flap coverage, in the treatment of patients with focal
cartilage injury of the knee.
Methods: This was an open label, exploratory clinical trial. Patients were enrolled between June 2012 and
September 2016. The primary endpoint of the study was the International Knee Documentation Com-
mittee (IKDC) score at 52 weeks after implantation. The IKDC, Lysholm, and visual analog scale (VAS)
scores were evaluated at the time of screening and at 4, 12, 24, 36, and 52 weeks after implantation.
Improvements from the baseline scores were evaluated using the equation “(postoperative
score) � (preoperative score).” Magnetic resonance imaging (MRI) was performed at 2, 12, 24, and 52
weeks after implantation, and MRI measurements were evaluated using T1 rho and T2 mapping.
Results: Nine patients were enrolled in this study and were examined for safety. Product quality did not
satisfy the specification in one patient, and bacterial joint infection occurred in one patient. As a result,
seven patients were included in the outcome analyses. The mean IKDC score significantly improved from
36.4 preoperatively to 74.1% at 52 weeks after implantation (p < 0.0001). The mean Lysholm and VAS
scores also significantly improved from 39.6 to 57.4 to 89.6 and 22.9, respectively, after surgery. In the
MRI evaluation, the T1 rho and T2 values of the implanted area were similar to those of the surrounding
cartilage at 52 weeks after implantation.
Conclusions: Third generation ACI (IK-01) can be an effective treatment option for focal cartilage defects
of the knee; however, surgeons must pay careful attention to the risk of postoperative joint infection.
© 2022 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
1. Introduction

Treatment of knee cartilage injury is challenging owing to the
low healing capacity of the knee. The most common treatment is
surgery, including marrow stimulation, osteochondral autograft,
and autologous chondrocyte implantation (ACI). Since Brittberg
c Surgery, Graduate School of
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atsushita).

Sports Medicine Society. Published
c-nd/4.0/).
et al. first reported the clinical outcomes of ACI,1 ACI has been
recognized as a useful treatment option, especially for large carti-
lage defects.

In the first-generation ACI, a cell suspension is injected into the
defect, which is then covered with the periosteum. However, lim-
itations and disadvantages associated with its surgical technique
have been reported,2,3 including leakage and non-uniform distri-
bution of the injected cells, increased invasiveness due to the har-
vesting and hypertrophy of the periosteum, and the large skin
incision required for transplantation. Thereafter, a type I/III
collagen-based artificial flap was developed to reduce such disad-
vantages, especially those related to the periosteum. ACI techniques
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using a collagenous flap are commonly defined as the second-
generation ACI.4,5 Meanwhile, the phenotypic chondrocyte
change toward the fibroblastic phenotype during the monolayer
culture was also a major concern in previous ACI techniques.
Matrix-based chondrocyte implantation, the so-called third-gen-
eration ACI, has been developed to minimize the loss of the chon-
drocytic phenotype during the culture period. In third generation
ACI, chondrocytes are cultured in a matrix after monolayer
expansion or directly. The chondrocytes in the matrix are attached
to the cartilage defect with fibrin glue or bioabsorbable sutures but
without collagenous flap coverage.6e8 Owing to its simpler tech-
nique, matrix-based chondrocyte implantation has gained popu-
larity, and favourable outcomes have been reported.9e11

CaReS™ is a third generation ACI product developed by Arthro
Kinetics Biotechnology GmbH in Austria. In the CaReS system,
isolated chondrocytes are cultured on a matrix based on type I
collagen from rat tails for 2 weeks and then surgically attached to
the cartilage defect with fibrin glue. Its unique characteristics are
the three-dimensional culture of chondrocytes without a mono-
layer culture to decrease the change toward the fibroblastic
phenotype.12 A previous basic study showed that chondrocytes had
a more favourable phenotype and gene expression pattern in
CaRes™ than other third generation ACI products.12 Another
unique characteristic is the adjustable thickness of the product
according to the thickness of the cartilage defect. In addition, good
clinical outcomes have been reported for ACI using CaReS™.13e15 In
Japan, only one type of third generation ACI (JACC™), an
atelocollagen-based ACI with coverage using the periosteum or a
collagenous membrane, can be clinically used under medical in-
surance coverage. Compared with JACC™, CaReS™ seems to be less
invasive and technically easier to implant. However, CaReS™,
which may have potential advantages over previous ACI tech-
niques, has never been performed in Japan. To introduce another
type of third generation ACI, which does not require flap coverage,
we conducted a phase I/IIa clinical trial. This clinical trial aimed to
evaluate the safety and effectiveness of third generation ACI using
CaReS™ in Japan. Our hypothesis was that third generation ACI
using CaReS™would be safe and effective for the treatment of focal
cartilage injury of the knee.

2. Material and methods

This open-label exploratory study was aimed at assessing the
safety and effectiveness of ACI using CaReS™ (the product code
name was IK-01 in this clinical trial) in the treatment of focal
cartilage injury of the knee. The study protocol was reviewed and
approved by the Institutional Review Board of our hospital. Patients
were enrolled between June 2012 and September 2016. This study
was conducted according to the principles of the Declaration of
Helsinki, the Japanese Pharmaceutical Affairs Law, and the ordi-
nance of the Japanese Ministry of Health, Labour and Welfare.
Inform ed consent was obtained from all the patients for experi-
mentation with human subjects.

The inclusion criteria for this clinical trial were as follows: age
�20 and � 50 years, provision of informed consent, and Interna-
tional Knee Documentation Committee (IKDC) scores16 of <60 at
the time of screening, a focal cartilage lesion (including osteo-
chondritis dissecans [OCD]), International Cartilage Repair Society
or Outerbridge grade III or IV,17,18 OCD grade III or IV by the Nelson
classification on MRI,19 a cartilage lesion (after debridement) of �4
and � 9 cm2 with a stable surrounding cartilage, and a micro-
fracture or mosaic plasty-ineffective cartilage injury with an area of
<4 cm2.

The exclusion criteria were as follows: patients with osteoar-
thritic lesions, multiple arthrosis in the same limb, >2 injured sites
7

in the knee or a focal cartilage injury that needs to be treated in
bilateral knees, gout and pseudogout, kissing lesion in the same
knee, neuroparalysis in the same limb, and an injury requiring iliac
bone grafting, and those who underwent meniscectomy or
meniscal repair and ligament surgery within 8 weeks before
screening.

2.1. Investigational product

Investigational products (IK-01) for the clinical trial were pre-
pared at the Cell Processing Center (CPC) of either Arthro Kinetics
Biotechnology in Krems, Austria (the first three cases) or the au-
thor's institution, Japan (the last six cases), both of which complied
with Good Manufacturing Practice (GMP) for investigational
products.

Cartilage tissues and blood samples were collected from each
subject at our hospital and transported to the CPC. Cartilage cells
were isolated through enzymatic digestion and were seeded in a
type I collagen gel matrix derived from Caesarean Derived Sprague
Dawley rats (Crl:CD(SD) rat, The Jackson Laboratory Japan, Inc.,
Yokohama, Japan). The cells were cultured for approximately 10
days, and the final products were transported to the hospital after
the release tests. The transplantation was performed 14 days after
the initial surgery for cartilage harvesting.

For quality control, the culture supernatant was examined for
sterility and mycoplasma as in-process and release testing. The
endotoxin test (<0.25EU/mL) was performed for the final super-
natant as well. The final product for quality control was enzymat-
ically digested to prepare the cell suspension, and the cell
population doubling rate (>0.25/day) and cell viability (>80%) were
measured. RT-PCR for the expression of type II collagen was also
performed to ensure that the cell differentiation state was main-
tained in the gel. Only the final products that met the above quality
specifications were released for transplantation. The final product
of IK-01 was confirmed to be stable for more than four days at
temperatures of 2e25 �C

2.2. Evaluation protocol

For the clinical outcome evaluation, IKDC, Lysholm,20 and visual
analog scale (VAS) scores21 were evaluated at the time of screening
and at 4, 12, 24, 36, and 52 weeks after implantation. The primary
endpoint of this study was the IKDC score at 52 weeks after IK-01
implantation. Improvements from the baseline scores were evalu-
ated using the equation “(postoperative score) � (preoperative
score).” For objective assessments, magnetic resonance imaging
(MRI) was performed at the time of screening and at 2, 12, 24, and
52 weeks after implantation.

2.3. MRI evaluation

The cartilage repair status was evaluated with fast spin-echo
proton density-weighted imaging and T1 rho and T2 mapping in
sagittal images. The relative ratios of T1 rho and T2 mapping values
were calculated as the ratio of the implanted area to the sur-
rounding cartilage area.

The FS-PW MR images were evaluated using the previously
reported scoring system,22 which consists of eight parameters:
signal intensity, graft infill, border integration, surface contour,
structure, subchondral lamina, subchondral bone, and effusion.
Each parameter was rated from 1 to 4 points as poor (1), fair (2),
good (3), and excellent (4). The mean total score was used for
overall assessment of morphological repair status. The scoring was
performed by reviewers blinded to the patient information.
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2.4. Surgical procedures

Standard medial and lateral para-patellar tendon portals were
created for arthroscopic observations. The size of the cartilage
injury sites was measured using a scaled probe. Cartilage (�0.4 mg)
was harvested from the proximal non-weight-bearing area of the
trochlear in the patellofemoral joint. Chondrocytes were isolated
from the cartilage fragment and cultured on rat tail-derived type I
collagen for 2weeks and then transplanted into the cartilage defect.

First, the injuredsitewasdebrided to removefibrous tissue (Fig.1A
and B). The surrounding damaged cartilage was then removed to
create a sufficiently stable shoulder using a special moulder. The gel-
like chondrocytematrix wasmolded into a size 2mmwider than the
injured site using a special moulder (Fig. 1C). Before implantation, a
drop of fibrin glue (KM Biologics Co., Ltd., Kumamoto, Japan) was
applied to the defect, and then the chondrocyte gel was placed in the
defect. More drops offibrin gluewere applied on the border between
the injured site and the surrounding cartilage to secure fixation
(Fig. 1D). Then, the operated limb was held to ensure that the
implanted site was parallel to the ground to ensure that the gel was
evenlyflattened forat least10minuntil the implantedgel stablyfitted
the site. After confirming that the gel was stable at the site by gently
moving theknee fromextensiontoflexionseveral times, thehardness
of the implanted chondrocyte gel was measured. After saline irriga-
tion, the wound was closed layer by layer.

Second-look arthroscopy was performed 52 weeks after im-
plantation to confirm healing status. As an additional assessment,
the hardness of the implanted and surrounding cartilages was
measured at the time of implantation and second-look arthroscopy
using an indenter device (Supplemental Material).

A same pre- and post-operative prophylactic antibiotic regime
was used in all the patients: 1.0 g of Cephalosporin was adminis-
tered intravenously 30 min before surgery and every 8 h after
surgery. On the postoperative second and third day, 1.0 g of Cefa-
zolin was administered two times per day.

2.5. Rehabilitation

A knee brace was applied for 1 week. Progressive ROM exercises
were started 1 week after implantation. Partial weight bearing was
started 4 weeks after implantation for cartilage injuries in the
weight-bearing area, including the medial and lateral femoral
condyles. Full weight bearing was permitted 6 weeks after the
implantation.

2.6. Adverse events

All information on the adverse events that occurred during the
period from cartilage harvest to 52 weeks after implantation was
collected. Surgery-related adverse events were analysed further.
Fig. 1. Procedures for IK-01 implantation.
(A) Before implantation (B) After debridement of the injured site. (C) The gel-like chondroc
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2.7. Statistical analyses

A sample t-test was used to assess improvements in clinical
scores at 52 weeks from baseline. The normality of data was
assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests.
For the assessment of differences in the IKDC and Lysholm scores
among the evaluation timings, the Kruskal-Wallis test with post-
hoc adjustment by Bonferroni was used. For the assessment of
VAS, one-way analysis of variance with post-hoc Tukey's HSD was
used. Differences were considered statistically significant at p
values < 0.05. All tests were performed using SPSS software v26.0
(IBM Software Group, Chicago, IL, USA).

3. Results

Nine patients were enrolled in this study and examined for the
safety analysis. One patient could not receive the implantation
because the quality of the cultured cells did not satisfy the quality
specifications. One patient had an infection after the implantation
and was thus excluded from the analysis 5 days after implantation.
As a result, seven patients were included in the outcome analyses.
The patients’ demographic characteristics are shown in Table 1.

3.1. Primary endpoint

The mean IKDC score was significantly improved from 36.4
preoperatively to 74.1 at 52 weeks after implantation (p < 0.001).
The mean improvement in IKDC score at 52 weeks was 37.7 (95% CI,
30.36e45.07; Table 2).

3.2. Clinical outcomes

The IKDC and Lysholm scores gradually increased over the 52
weeks after implantation. The IKDC and Lysholm scores signifi-
cantly increased at 36 weeks while VAS significantly decreased at
24 weeks after implantation compared with preoperative scores
(Fig. 2, Supplemental tables). The mean improvements in the
Lysholm, and VAS scores at 52 weeks are shown in Table 2.

3.3. MRI evaluation

The T1 rho and T2 mapping values of the implanted cartilage
gradually decreased to values similar to those of the surrounding
cartilage at 52 weeks after surgery. The mean total MRI value was
also gradually increased (Table 3).

3.4. Arthroscopic evaluation

A typical case is shown in Fig. 3. A complete integrationwith the
surrounding cartilage was observed in six of the seven patients.
yte matrix is molded out using a special molder. (D) Immediately after implantation.



Table 1
Patient demographic and clinical outcomes.

Age Gender Injury
situation

Previous
surgery

Location ICRS
grade

Area
(cm2)

Depth
(mm)

Time from Injury to
surgery (months)

Time from previous surgery to
index surgery (months)

IKDC
(Preop.)
(52 W)

Lysholm
(Preop.)
(52 W)

VAS
(Preop.)
(52 W)

27 Female Traffic
accident

Debridement Patella III 4.5 3.0 26 22 37 42 84
83 93 49

42 Female ADL Drilling LFC III 2.0 3.0 7 5.5 24 26 52
69 89 0

24 Male ADL None Trochlea IV 4.5 3.0 6 38 42 69
76 97 21

47 Female Sports None MFC IV 4.5 2.0 9 46 41 21
71 88 15

45 Male ADL Drilling MFC IV 4.5 2.0 31 24 41 41 16
83 83 39

43 Male Sports Diagnostic MFC IV 4.5 3.0 12 9 32 42 100
Arthroscopy 61 79 36

44 Male Work Drilling MFC IV 4.5 2.0 9 8 37 39 60
76 100 0

ADL, activity in daily life. LFC, lateral femoral condyle, MFC, medial femoral condyle.
52 W, 52 weeks.

Table 2
Improvements in clinical outcomes at 52 weeks.

Clinical score Preop.Mean 52 weeks.Mean Improvement (Post -Pre) Improvement 95% CI t-test (p-value)

Lower bound Upperbound

IKDC 36.4 74.1 37.7 30.36 45.07 P < 0.01
Lysholm 39.0 89.6 50.6 41.80 59.34 P ¼ 0.02
VAS 57.4 22.9 �34.6 �64.13 �5.02 p ¼ 0.03

CI, confidence interval; IKDC, the International Knee Documentation Committee Score; VAS, visual analog scale.
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Partial detachment and incomplete integration were observed in
one patient, but most parts of the repaired cartilage firmly attached
to the site, requiring no surgical treatment.

3.5. Adverse events

Sixty-two events occurred during the study period, of which 60
were minor events, one was moderate, and one was severe. The
most frequent events were wound complications (18 cases in seven
patients), followed by joint effusion (six cases in five patients). The
moderate event was delayed wound healing, and the severe event
was septic arthritis. In the patient with a severe adverse event,
methicillin-resistant Staphylococcus aureus (MRSA) was detected in
a joint fluid specimen from the seventh patient. The implanted
cartilage was removed 5 days after implantation.

4. Discussion

The most significant finding in this clinical trial was that
objectively and effectively satisfactory outcomes were confirmed
after third generation ACI (IK-01).

Previous basic studies have reported promising results for
CaReS™, showing favourable conditions for maintaining the
chondrocytic phenotype. Muller-Rath et al. reported that primary
human chondrocytes seeded on CaRes™ were viable after 6 weeks
of culture and maintained the chondrocytic phenotype 3 weeks
after implantation in a nude mouse model.23 Albrecht et al.
compared chondrocyte-related gene expression patterns among
matrix-associated ACI products, including Hyalograft C™, MACI™,
CaReS™, and Novocart 3D™, which are commercially available in
European countries at the time of the examination. CaReS™
showed the highest COL2 and aggrecan expression levels and COL2/
COL1 ratio, which suggests its superior ability to maintain the
chondrocytic phenotype compared to other products.12 Based on
9

the results, Schneider et al.14 conducted a prospective multicentre
study of ACI using CaReS™ to treat knee cartilage injuries and re-
ported significantly improved mean IKDC score from 42.4 preop-
eratively to 70.5 at the final follow-up in 116 patients. Similarly, the
IKDC score in our study improved from 36.4 preoperatively to
74.1 at 52 weeks after implantation, confirming the effectiveness of
CaReS™ treatment for knee cartilage injuries.

Together with the results of our assessments, these observations
suggest that an acceptable maturation of the implanted CaReS™
can be obtained 1 or 2 years after implantation.

In Japan, Ochi et al. developed an atelocollagen-associated ACI
(JACC™) and reported its clinical outcomes for the first time.24

Then, a multicentre clinical trial revealed good 2-year clinical
outcomes of the atelocollagen-associated ACI.25 On the basis of
these favourable outcomes, JACC™was pharmaceutically approved
as the first ACI in Japan by the Japanese Ministry of Health, Labour
and Welfare in 2012. Compared with JACC™, CaReS™ is technically
easier and less invasive to implant, as CaReS™ can be attached to
the cartilage defect with a fibrin glue and does not require a peri-
osteal or collagenous flap. In addition, uniform implantation with
the same height as the surrounding cartilage is possible only in the
CaReS™ system.

In a randomized controlled study, Barlett et al. reported that the
clinical, arthroscopic, and histological outcomes of ACI using a type
I/III collagen artificial flap (the second-generation ACI) and MACI™
were similar.26 Meanwhile, Zeifang et al. reported results of their
randomized controlled study to compare the clinical outcomes af-
ter the first-generation ACI using periosteal coverage with those
after the third generation ACI using Bioseed-C™ at 12 and 24
months after surgery. The results showed no significant differences
between the two systems in most of the clinical scores, but the
improvement in Lysholm score was better in the first-generation
ACI.27 However, the difference was minimal, and the reason why
only the difference in Lysholm score was significant is unclear.



Fig. 2. Serial changes in the IKDC, Lysholm, and VAS scores for 52 weeks after im-
plantation. * and ** indicate statistically significant difference compared with preop-
erative score. *P < 0.05, **P < 0.01.

Table 3
MRI evaluation.

T1 rho value (ms)

Implant site Adjacent area Ratio Implant/Adjacent

2W 157.4 ± 89.0 102.6 ± 56.6 1.53 ± 0.48
12W 82.2 ± 50.0 58.6 ± 23.1 1.41 ± 0.58
24W 60.2 ± 18.4 57.1 ± 24.7 1.11 ± 0.30
52W 80.0 ± 46.4 81.0 ± 47.3 1.00 ± 0.20

T2 value (ms)
Implant site Adjacent area Ratio Implant/Adjacent

2W 186.2 ± 141.5 68.3 ± 16.0 3.00 ± 3.01
12W 92.0 ± 55.9 59.7 ± 12.9 1.57 ± 1.03
24W 85.1 ± 17.0 57.6 ± 12.2 1.54 ± 0.47
52W 60.4 ± 7.3 54.2 ± 6.5 1.14 ± 0.28

Total score of the morphological repair status

2W 1.8 ± 0.4
12W 2.7 ± 0.6
24W 2.9 ± 0.7
52W 3.1 ± 0.6

Data are expressed as mean ± standard deviation.
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Currently, it remains to be clarified whether a clinically important
difference may exist between the ACI generations or surgical
techniques.28 If the outcomes are similar, the third generation ACI
seems to be a favourable option considering its technical simplicity
and reduced invasiveness as compared with the lower-generation
ACI. Indeed, good mid-to long-term clinical outcomes have also
been reported for third generation ACI.11,29,30 ACI using CaReS™ has
been widely performed in European countries. However, after the
pharmaceutical regulation was renewed, Arthro Kinetics Biotech-
nology abandoned the reaccreditation owing to the cost of the
required clinical trial and stopped the production of CaReS™.
Currently, the production technology of CaReS™ has been trans-
ferred to a Japanese company, and a multicentre clinical trial based
on the results of the present clinical trial is ongoing.

Regarding the adverse events that occurred in this clinical trial,
bacterial joint infection with MRSA occurred in one patient,
resulting in the removal of the implanted graft. As the absence of
bacteria was checked in the final step of the production process,
contamination during the culture period was not likely to be the
cause of the infection. Rather, the infection seemed to have
occurred during the surgical procedure or was caused by skin
bacteria. Wood et al. comprehensively examined the adverse
events after ACI and reported 497 adverse events after ACI in 294
patients. Among these events, surgical site infections occurred in 18
patients, joint infections in 11 (3.7%), and superficial wound in-
fections in 7 (2.4%).31 Although the infection rate of ACI was low,
great care should be taken during surgery to prevent infection,
which may cause serious joint damage.

5. Limitations

This clinical trial had several limitations. First, the number of
patients evaluated was small, and more cases should be analysed.
However, the present preliminary clinical trial aimed to confirm
safety and effectiveness, which have already been reported in Eu-
ropean countries. In addition, the relatively consistent favourable
outcomes in our study patients provided sufficient preliminary
information. Second, no control group was included to prove the
superiority over the conventional treatments, including bone
marrow stimulation techniques or atelocollagen-associated ACI.
Therefore, randomized controlled studies are warranted.

Despite these limitations, this clinical trial confirmed the safety
and effectiveness of IK-01 through multiple assessments and



Fig. 3. A 44-year-old Male patient. (A) Arthroscopic views of the medial femoral condyle at the time of cartilage harvest. (B) Arthroscopic views of the implanted site 52 weeks after
implantation. (C) Magnetic resonance images at baseline, 4, 12, 26 and 52 weeks after implantation. A cartilage injury associate with marked high signal change in the bone marrow
area due to drilling, which was performed 8 months earlier, were observed in the medial condyle. The bone marrow lesion was mostly reduced and the injured site was repaired by
a slightly overgrown cartilage-like tissue integrated with adjacent area at 26 weeks and 52 weeks after implantation.
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warrants a pivotal and randomized clinical trial for pharmaceutical
approval in Japan.

6. Conclusions

Third generation ACI (IK-01) may be an effective treatment op-
tion for focal cartilage defects of the knee, but surgeons must pay
careful attention to joint infections after surgery.
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