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Abstract

Purpose: The focus of this study was to evaluate the safety and
efficacy of NOVOCART® 3D-treatment over a period of 36 months
post-transplantation.

Methods: This study was designed as a prospective, multicenter, single-
arm, non-interventional investigation, aimed at evaluating the safety and
efficacy of NOVOCART® 3D in patients with localized cartilage defects in
the knee joint. 80 patients were enroled across 8 study centres and were
followed post-operatively for a duration of 36 months. Safety assessments
were conducted throughout the study period, while effectiveness data were
evaluated pre-operatively and at 3, 12, 18, 24, and 36 months following cell
transplantation, utilizing the International Knee Documentation Committee
2000 score (IKDC 2000).

Results: Over the 3-year observation period among the 80 study patients,
the incidence of surgery or product-related adverse events stood at 12.5%.
Subjective scores according to IKDC 2000 demonstrated improvement, with
a mean change from baseline of 30.5+21.5 score points at 36 months.
Similarly, the mean IKDC function score exhibited continuous enhancement,
with a mean difference of 3.2+ 3.0 score points. These changes from
baseline were associated with nominally significant p-values from the
12-month mark onwards. The subgroup analysis revealed that only higher
baseline scores and concurrent surgeries negatively impacted outcome
parameters. Female sex, retro-patellar lesions, uncontained lesions, lesions
with intralesional osteophytes or osteochondral defects did not exhibit any
significant influence.

Abbreviations: AR, adverse reaction; BMI, body mass index; ICRS, International Cartilage Regeneration and Joint Preservation Society; IKDC, International Knee
Documentation Committee; MACT, matrix-associated autologous chondrocyte transplantation; MMRM, mixed model for repeated measures; OA, osteoarthritis.
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INTRODUCTION

Focal cartilage defects of the knee are a risk factor for the
development of osteoarthritis. The risk of osteoarthritis
increases with the degree and chronicity of the initial
cartilage lesion, despite variability in the natural history of
chondral lesions [26]. However, there is increasing evi-
dence that adequate repair of such defects can prevent
early onset of knee osteoarthritis and delay the need for
total knee replacement [10, 19, 35].

The currently available surgical options for the
treatment of symptomatic localized, full-thickness car-
tilage lesions can be divided into reparative (e.g., bone
marrow stimulation) and restorative procedures (e.g.,
osteochondral transfer and chondrocyte implantation)
[2, 3, 11, 31]. Various studies have shown that matrix-
associated autologous chondrocyte transplantation
(MACT) formats yield consistently better long-term
patient-reported functional outcomes and pain levels
in comparison to bone marrow stimulation techniques
[2, 8, 18, 23, 30, 41]. Furthermore, significantly higher
failure rates as well as higher re-operation rates were
shown for microfracture treatment compared to the
MACT at long-term follow-up [11, 32, 43].

Taken together, the shortcomings of bone marrow
stimulation techniques include limited production of
hyaline repair tissue, unpredictable repair cartilage
volume, frequently observed subchondral bone
pathologies, deterioration of results over time, and
potential negative impacts on rescue therapies such as
cellular transplantation [4, 6, 22, 24, 25]. In addition, the
data available suggest that mosaicplasty procedures
might be more appropriate for lesions that are smaller
than 2—-3 cm? and that in this way treated patients are
more likely to have inferior outcomes than patients after
MACT for a long-term period [1, 5, 20, 21, 30, 34, 36].
For defects above 3 or 4cm? in the average sized
knee, MACT-type treatments are the most clinically
effective options based on published literature,

Conclusion: The NISANIK study indicates the safety of NOVOCART® 3D
treatment. Regarding effectiveness, patients in the study demonstrated a
notable and progressively increasing mean improvement compared to
their pre-operative condition. The study furthermore demonstrated that
NOVOCART® is universally applicable across all age groups and Body
Mass Index ranges, and it can also be effectively used in patients
with female sex, larger lesions, retro-patellar lesions and in such having
received bone-grafting without compromising the outcome, unlike related

Level of Evidence: Level Il, therapeutic, prospective cohort study.

cartilage defect, chondrocyte, MACT, matrix-associated autologous chondrocyte
transplantation, osteochondral lesion, transplant

including Level 1 evidence studies and several meta-
analyses [7, 11, 26, 32, 33, 39].

NOVOCART® 3D is a 3rd generation matrix-based
autologous chondrocyte transplantation system for the
treatment of localized full-thickness cartilage defects of the
knee joint. It is composed of in vitro expanded autologous
chondrocytes seeded on a bioresorbable biphasic scaffold
consisting of a collagen membrane cover attached to a
cell-carrying, three-dimensional collagen matrix. Previous
trials with NOVOCART® 3D have demonstrated promising
long-term results in both adolescents and adults, including
high survival rates and sustained functional improvements
[9, 12, 27, 28, 37, 38, 42].

The primary study objective was the assessment
of safety of tissue harvest and treatment with
NOVOCART® 3D by documentation of (serious)
adverse events and adverse reactions through
36 months post-transplantation. The secondary study
objective was to assess the improvement of function
and performance in adult and adolescent patients
treated with NOVOCART® 3D based on clinical data.

MATERIALS AND METHODS
Study design

This study was conducted as a prospective, multicen-
ter, single-arm, non-interventional study to evaluate the
safety and effectiveness of NOVOCART® 3D in
patients with localized, full-thickness cartilage defects
in the knee joint. The study was approved by the
‘Paul-Ehrlich-Institut’ on 16 April 2015 and the Study
No. NIS283 was allocated. Eligible patients were in-
formed and signed an informed consent form prior to
participation.

In total, 80 patients were recruited from 8 study
centres across Germany between 25 June 2015 and
June 2016 (see Table 1). Patients were eligible for
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participation in this study, if they had a verified diag-
nosis of localized, clinically symptomatic full-thickness
cartilage defect in the knee joint, caused by acute or
repetitive trauma or by osteochondritis dissecans.
Recommended treatment indications and contra-
indications are listed in Table 2.

TABLE 1 Number of enroled patients per study site.
Number of enroled
Study site patients (n)
University Clinic, Regensburg 26
Theresienkrankenhaus Mannheim 16
University Clinic, Heidelberg 8

Orthopadische Klinik und Poliklinik, LMU 13
Munich

Sozialstiftung, Bamberg 3
Gelenk-Klinik, Gundelfingen 4
Lubinus Clinicum, Kiel 4
Klinikum rechts der Isar, TU Munich 6

Total 80

TABLE 2
Indication

Male and female adult patients, or children and adolescents with
closed epiphyseal plate

Defect size 22.5 and <10 cm?. Two defects with a total defect size of
up to 20 cm? were treated with two units of NOVOCART® 3D

Localized full-thickness articular cartilage defect of the knee (Grade 3
or 4 according to the International Cartilage Regeneration and Joint
Preservation Society [ICRS] classification)
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Following the treatment decision for use of NOVO-
CART® 3D, potentially eligible patients were asked for
participation in this study. Consenting patients were then
treated according to the NOVOCART® 3D user manual,
involving the initial extraction of bone cartilage cylinders
for transplant manufacturing at TETEC AG's laboratories,
followed by the transplantation of NOVOCART® 3D
approximately 3—4 weeks after the initial arthroscopy.

All enroled patients were followed post-operatively
for 36 months. Safety was monitored throughout the
study period. Effectiveness data were routinely
assessed before the cartilage cell harvesting and 3, 12,
18, 24, and 36 months after cell transplantation.

Study-specific and standardized paper case report
forms were used for systematic documentation of the
safety outcomes, joint function and performance following
the surgical intervention. The visit schedule planned for
each participating subject is provided in Table 3.

International Knee Documentation
Committee (IKDC) 2000 variables

The analysis encompassed the subjective knee eva-
luation form and the subjective knee form from the
IKDC 2000 package.

Indications and contraindications for treatment with NOVOCART® 3D.

Contraindication

Radiologically apparent osteoarthritis in the target knee as
determined by Kellgren and Lawrence grade >2

More than two defects or corresponding lesions

Total/subtotal resected meniscus. Partial resection of up to one-
third of total volume at maximum was considered acceptable

Diffuse chondromalacia

Joint stiffness and/or arthrofibrosis

Insufficient ligament guidance without corrective surgery
Patella malalignment without correction prior or during ACT
Inflammatory joint disease (e.g., rheumatoid arthritis)

Generalized cartilage degeneration or increased wearing of the
joint (e.g., osteoarthritis)

Cancer, present or within the last 5 years

Primary treatment in children and adolescents with open
epiphyseal plate

Chronic infections (not strictly in patients with hepatitis or HIV)
Untreated coagulation disorders
Pregnancy and lactation

Known history of allergies against ingredients of NOVOCART® 3D
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TABLE 3 Visit schedule.

Visit number Type of visit

1 Screening/baseline
Arthroscopy/cell harvesting
Transplantation
Hospital discharge
3-month follow-up
12-month follow-up
18-month follow-up

24-month follow-up

© 0 N o O A W N

36-month follow-up

Time window

Not applicable

Not applicable

3—4 weeks post arthroscopy (Visit 2)
<7 days post transplantation (Visit 3)
90 + 14 days post transplantation
365 + 30 days post transplantation
545 + 30 days post transplantation
730 = 30 days post transplantation

1095 + 30 days post transplantation

Considering the IKDC 2000 subjective score,
responder rates were calculated, and 95%-
confidence intervals were generated. Response was
defined using two different cut-off scores as an
improvement of more than 20.5 score points from
baseline, and as an improvement of more than 11.5
score points from baseline. These 2 cut-off scores
were chosen, since Irrgang et al. had suggested that
a cut-off score of 11.5 should be used to maximize
the sensitivity of change, whereas a change score of
20.5 should be used to maximize the specificity of
change [17].

Study population

The mean age of the study population was
33.9+11.2 years (15-61 years), 63.8% were males,
and 33.8% were current smokers. The median body
mass index (BMI) was 26.2 + 4.7 kg/m? (18.3-38.9) and
21 patients (26.3%) were unable to work because of
their knee disorder.

The majority of patients (56.3%) had the left knee
affected, and the prevailing causes for the joint cartilage
damage were traumatic lesions (37 patients, 46.3%) and
osteochondritis dissecans (19 patients, 23.8%). Previous
surgical procedures at the target knee were performed in
39 patients (48.8%).

The cartilage defect was mainly located in the femur
(59 patients, 73.8%), solely the patella was affected in
18 patients (22.5%), and both the femur and the patella
were involved in 3 patients (3.8%). A total of 72 patients
(90.0%) had 1 single lesion, and 8 patients (10.0%)
had 2 lesions. The mean size of the main lesion
(post-debridement, if available) was 5.1+2.0cm?
and the mean total defect size was 5.4+2.3cm?
ranging from 1.7 to 12.0 cm?.

Surgical procedures required for
NOVOCART® 3D treatment

The transplantation of the autologous chondrocytes
was performed after a mean interval of 24.4 +2.7 days
following the initial arthroscopy. In addition, there was
one patient with an especially long interval between
initial arthroscopy for biopsy harvest and subsequent
transplantation of 282 days due to schedule conflicts
(not included in the sample statistics).

Transplantation was performed using mini-arthrotomy.
Graft fixation was achieved using sutures alone or in
combination with fibrin glue or pins. Postoperatively,
patients followed a standardized rehabilitation protocol
involving partial weight-bearing for 6 weeks and continu-
ous passive motion. The transplant was fixed with sutures
(Monosyn 6/0) in the majority of patients (60 patients,
75.0%) (see Figure 1). Suture in combination with fibrin
glue was used in 12 patients (15.0%) and suture in
combination with pins in 5 patients (6.3%). The remaining
3 patients (3.8%) were fixated with fibrin glue only.

The mean duration of hospitalization following the
transplantation was 4.3 £ 1.1 days and ranged from 2 to
7 days.

Concomitantly performed surgical
procedures

Additional surgical procedures on the target knee were
performed in 71.3% of patients, primarily during the
initial arthroscopy or transplantation (see Table 4).
Most of the surgeries performed on the day of
arthroscopy (47 patients [58.8%] involved) were related
to joint cleaning as well as meniscus surgery.

On the day of transplantation (41 patients
[51.3%] involved), the prevailing surgical measures



were synovectomy (17 patients, 21.3%), bone
grafting (15 patients, 18.8%), and ligament opera-
tions (7 patients, 8.8%).

The surgeries electively performed within 8 weeks
after transplantation (5 patients [6.3%] involved)

FIGURE 1

NOVOCART® 3D treatment. lllustrative Example of
NOVOCART® 3D Treatment in a Patient with a Chondral Defect of
the Right Trochlear Groove.

TABLE 4 Concomitant surgeries on the target knee.

Day of arthroscopy,
Surgery class n (%)
Any surgery 47 (58.8)
Synovectomy 9 (11.3)
Adhesiolysis 17 (21.3)
Bone graft 1(1.3)
Removal of loose bodies from joint 16 (20.0)
Meniscus removal 14 (17.5)
Ligament operation 1(1.3)
Joint debridement 5 (6.3)
Meniscus operation 6 (7.5)
Osteotomy 2 (2.5)
Chondroplasty 1(1.3)
Microfracture 0

Chondroabrasion 1(1.3)
Joint dislocation reduction =
Removal of internal fixation 1(1.3)
Notch plasty 1(1.3)
Bone debridement -
Bursa removal =

Synovial cyst removal -
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included ligament operations (4 patients, 5.0%),
osteotomies (3 patients, 3.8%), and various associated
joint cleaning measures. These procedures aimed to
further optimize biomechanical conditions.

Overall, four patients (5.0%) had concomitantly
received chondroplastic treatments in addition to the
NOVOCART ® 3D treatment.

Data management and statistical analysis

Generally, the data of this study were analysed using
epidemiological statistical methods. Where appropri-
ate, variability of data was described using 95%
confidence intervals. The level of 5% was used to
evaluate differences as significant.

Data management and statistical analyses were
performed using the software package SAS®, Version
9.2. All study data were entered into a proprietary
database application running on the SQL Server
2008-based infrastructure. The servers are owned by
B. Braun and localized in Melsungen, Germany.

Missing values were analysed as such; no imputa-
tion methods were applied. If missing values were

Day of MACT, Within 8 weeks
n (%) after MACT, n (%) Total, n (%)
41 (51.3) 5 (6.3) 57 (71.3)
17 (21.3) 3(3.8) 26 (32.5)
1(1.3) 4 (5.0) 19 (23.8)
15 (18.8) 1(1.3) 16 (20.0)
- - 16 (20.0)
1(1.3) - 15 (18.8)
7 (8.8) 4 (5.0) 12 (15.0)
1(1.3) 3(3.8) 9 (11.3)
1(1.3) - 7 (8.8)
2 (2.5) 3 (3.8) 7 (8.8)
3(3.8) - 4 (5.0
3(3.8) - 3(3.8)
0 - 1(1.3)
3 (3.8) - 3 (3.8)
1(1.3) - 2 (2.5)
1(1.3) - 1(1.3)
1(1.3) - 1(1.3)
1(1.3) = 1(1.3)
1(1.3) - 1(1.3)

Abbreviation: MACT, matrix-associated autologous chondrocyte transplantation.
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present in frequency analyses, relative
frequencies were calculated.

Subgroup analyses (based on sex, age, BMI, prior
surgeries, concomitant surgeries, number of lesions,
lesion size, lesion localization, aetiology, use of
analgesics at baseline, and IKDC subjective baseline
score), single regression analyses and multiple mixed
model for repeated measures (MMRM) analyses were
run in order to detect potential differences in the
response to treatment with NOVOCART® 3D among
the various subgroups and to identify potential
response predictors.

adjusted

RESULTS
Follow-up

The study showed a good follow-up rate. A total of
13 out of 80 patients (16.3%) had discontinued the
study prematurely (see Table 5), resulting in 67 patients
(83.8%) who had completed the full study course
through 36 months. The number of patients with
available visits and IKDC subjective scores/examina-
tion grades is provided in Table 6. The mean duration of
follow-up per patient was 32.6 + 8.6 months and ranged
from 0.1 to 40.3 months.

Safety of NOVOCART® 3D treatment

Adverse reactions (ARs) assessed as related to the
NOVOCART® 3D transplant itself or to the surgical
procedures (tissue harvesting or transplantation) were
reported in 10 out of the 80 study patients (12.5%). All
these events represented ‘expected’ clinical complica-
tions for ACT treatment. ARs with a suspected rela-
tionship to the NOVOCART® 3D product itself were
reported in four patients (5.0%), including two patients
with transplant failure, two patients with bone marrow

TABLE 5 Disposition of study patients.

Number of
patients (N =80)
Status n (%)
Enroled 80 (100.0)
Arthroscopy and transplantation performed 80 (100.0)
Completed study 67 (83.8)
Discontinued the study prematurely 13 (16.3)
Reason for premature discontinuation®
Subject withdrew consent 2 (15.4)
Subject is lost to follow-up 11 (84.6)

2Percentages based on the 13 patients with premature termination.

TABLE 6 Disposition of patients.

No. of No. of patients with
patients with  evaluable IKDC
Type of visit visit subjective score
Screening/baseline 80 78
Arthroscopy 80 na
Transplantation 80 na
Hospital discharge 80 na
3-month follow-up 74 69
12-month follow-up 76 76
18-month follow-up 60 61
24-month follow-up 60 61
36 months follow-up 66 65

Note: Some patients completed their questionnaires at home and sent them by
mail to the study sites (i.e., no formal on-site visit was performed). Therefore,
the number of available questionnaires at a given time point might be higher
than the number of performed visits.

Abbreviations: IKDC, International Knee Documentation Committee; na, not
applicable.

oedema, and one patient with graft hypertrophy. A total
of eight procedure-related ARs were seen in seven
patients (8.8%) and comprised arthralgia (four pa-
tients), intralesional osteophyte (one patient), joint
catching (one patient), poor peripheral circulation,
meaning transient reduced capillary perfusion in the
operated limb without clinical consequences (one
patient) and joint effusion (one patient). The re-
operation rate due to ARs was 5% and included one
adhesiolysis, one removal of hypertrophic graft tissue
and 2s MACTs.

IKDC subjective score

The IKDC subjective score was considered the pri-
mary effectiveness variable. The mean absolute
values over time are displayed in Figure 2. The mean
baseline value prior to transplantation of NOVO-
CART® 3D was 48.7+17.4 score points. Subse-
quently, the course of the mean subjective score
indicated a slight increase at three months (mean
change from baseline: 3.5 £ 20.2 score points; mean
absolute value: 53.2+15.2 score points) and a
stronger improvement at 12 months (mean change
from baseline: 20.9+21.7 score points; mean
absolute value: 69.8+18.2 score points) with
increasing improvement up to 36 months (mean
changes from baseline of 27.0 £ 22.4 score points at
24 months and of 30.5+21.5 score points at
36 months; mean absolute values: 78.5+18.6 and
80.0£17.2 score points, respectively).
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FIGURE 2 Mean IKDC subjective- and function score. Vertical error bars indicate the standard deviations for the respective mean values.

IKDC, International Knee Documentation Committee.

IKDC function score

Consistently, the mean IKDC function score increased
continuously from 4.4 £ 2.5 score points at baseline to
5.3+1.9 score points at 3 months, 6.7+2.1 score
points at 12 months, and 7.6+ 1.9 score points at
36 months (mean change by 3.2 + 3.0 score points; see
Figure 2).

The changes from baseline were associated with
nominally significant p value at 12 months onwards
(p<0.001 at each time point), and the lower limits of
95% confidence intervals were >0 at all observation
time points after 3 months for both subjective and
function scores.

Responder rate

In addition, responder rates based on the IKDC sub-
jective score were calculated according to the cut-off
scores proposed by Irrgang and colleagues [17], where
a cut-off score of >11.5 points relative to baseline
should be used to maximize the sensitivity of the
change, while a change of >20.5 score points from
baseline should be used to maximize the specificity of
change. Figure 3 displays the responder rates based
on these two cut-off scores for each post-baseline visit.

There was a continuous increase in both responder
rates over time; response rates after 3 years were
78.5% based on the more liberal cut-off score of >11.5
score points and 64.6% based on the stricter cut-off
score of >20.5 score points.

Subgroup analyses and multivariate
regression analyses

Comprehensive subgroup analyses based on sex, age,
BMI, prior surgeries, concomitant surgeries, number of
lesions, lesion size, lesion localization, aetiology, use of
analgesics at baseline, and IKDC subjective baseline
score were run in order to detect potential differences in
the response to treatment with NOVOCART® 3D
among the various subgroups and to identify potential
response predictors.

Nominally significant effects at each study visit were
observed for the IKDC subjective score at baseline, where
poorer baseline conditions were associated with better
treatment outcomes. In addition, nominally significant ef-
fects were observed for the performance of concomitant
surgeries at 12, 24, and 36 months, where patients without
concomitant surgeries had better outcomes compared to
patients who had undergone such procedures. Never-
theless, clinically relevant and nominally significant
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FIGURE 3

IKDC subjective score—Responder rates by observation time point. Responders were defined as patients who achieved

improvement from baseline by 11.5 score points or 20.5 score points, respectively, at a given visit. Vertical error bars indicate 95% confidence
intervals for the respective responder rate. IKDC, International Knee Documentation Committee.

improvements from baseline were seen in both subgroups
(Table 7). No significant subgroup differences were
observed for the other parameters investigated.

The regression analyses confirmed the meaning of
the baseline IKDC subjective scores for the treatment
outcome at each visit but did not indicate any other
nominally significant effects of the remaining continu-
ous covariates lesion size, age, and BMI. Likewise, the
results of the MMRM supported the impact of the IKDC
subjective score at baseline on the treatment outcome
at each of the study visits; other nominally significant
and consistent effects of potential predictor variables
were seen for the performance of prior cartilage repair,
where absence of prior cartilage repair was associated
with numerically better outcomes compared to patients
with prior cartilage repair (significant at 12 months and
for the cumulated period from 12 to 36 months).

Clinical cases

Figures 4 and 5 illustrate two clinical cases successfully
treated with NOVOCART® 3D, which are further de-
tailed in the supplementary appendix.
DISCUSSION

This study was conducted as a prospective, multicen-

ter, single-arm, non-interventional study to evaluate the
safety and effectiveness of NOVOCART® 3D in

patients with localized, full-thickness cartilage defects
in the knee joint.

Adverse reactions (ARs) occurred in 12.5% of
patients, with 5% requiring reoperation. All reported
ARs represented ‘expected’ clinical complications for
(M)ACT treatment. This aligns with findings from
Eichinger et al., who reported low complication rates
and high patient satisfaction after MACI treatments,
with minor revisions required in the mid-term follow-up
[12]. Similarly, Weishorn et al. noted a long-term
revision-free survival rate of 97.2% at 10 years, fur-
ther supporting the safety profile of advanced cartilage
repair techniques [38].

The treatment failure rate of 2.5% is consistent with
the current literature. Harris and colleagues reported a
treatment failure rate with MACTSs of 3.3% [16]. Similar
results were reported by Wylie et al., with rates for re-
operations of 5% and treatment failures of 3% at
2-5 years follow-up after MACT [40]. In a systematic
review on 93 articles including 3289 patients, Filardo
and colleagues reported a 5.2% treatment failure rate
with MACT after a mean follow-up of 34 months [13].

One of the main findings of a recently published
study was that NOVOCART® 3D for symptomatic
femorotibial and patellofemoral cartilage defects of the
knee showed a low graft failure rate of 2.7% and a high
survival rate of 97.2% at 9.5 years in a representative
cohort of 103 patients (mean patient age: 29.3 years
(18-51 years); mean defect size: 4.8 cm? (1.2-12 cm?)
[38]. In another study by the same group, 27 adoles-
cents and 27 adult patients were followed clinically and
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TABLE 7 Nominally significant findings (p <0.05) in the analyses for differences in IKDC score across subgroups.

Time point Subgroup

3 months follow-up  IKDC subjective score at baseline 49 (72.1)
<60 points 19 (27.9)
>60 points

12 months follow-up IKDC subjective score at baseline 54 (72.0)
<60 points 21 (28.0)
>60 points
Conc. surgeries on target knee 54 (72.0)
Yes 21 (28.0)
No

18 months follow-up IKDC subjective score at baseline 43 (71.7)
<60 points 17 (28.3)
>60 points

24 months follow-up IKDC subjective score at baseline 41 (68.3)
<60 points 19 (31.7)
>60 points
Conc. surgeries on target knee 43 (71.7)
Yes 17 (28.3)
No

36 months follow-up IKDC subjective score at baseline 47 (72.3)
<60 points 18 (27.7)
>60 points
Conc. surgeries on target knee 44 (67.7)
Yes 21 (32.3)

No

Patients n (%) Change from Baseline 95%-Confidence interval p value

9.4 [4.1; 14.7] <0.001
-11.6 [-19.5; -3.7]

26.9 [21.4; 32.4] <0.001
5.4 [-2.8; 13.6]

17.5 [12.1; 22.8] 0.028
29.6 [18.3; 41.0]

29.8 [23.4; 36.2] 0.011

14.9 [6.2; 23.6]

335 [26.8; 40.1] <0.001
13.0 [4.1; 21.9]

22.9 [16.4; 29.5] 0.024
37.3 [25.8; 48.7]

36.7 [30.8; 42.6] <0.001
14.4 [6.5; 22.2]

26.6 [20.9; 32.2] 0.030
38.8 [27.4; 50.3]

Note: IKDC score at baseline: 48.7 + 17.4 points. Changes from baseline are given as IKDC score points.

Abbreviation: IKDC, International Knee Documentation Committee.

radiographically for up to 12 years (mean follow-up:
96 months) after NOVOCART® 3D treatment of large
full-thickness knee cartilage defects (mean defect size in
both groups: 4.6 cm?). Osteochondritis dissecans (OCD)
was the primary reason for treatment in adolescents,
whereas OCD and trauma were the predominant aetiol-
ogies in adults. At the time of the last radiographic eva-
luation none of the patients in the adolescent group
showed signs of OA. In the adult control group, one
patient showed progression of OA from preoperative
Kellgren-Lawrence grades | to Ill postoperatively. Three
patients had preoperative grade | OA without progression
during long-term follow-up [37].

In contrast, in their systematic review, Orth et al. re-
ported failure rates of 11%—27% within 5 years after mi-
crofracture (mean defect size 34+21cm?) [29]. A
systematic review of level 1 and 2 studies concluded that
treatment failure after microfracture can be expected
beyond 5 years post-operatively, regardless of lesion
size [15]. This was confirmed in another recent systematic
review describing a high rate of OA progression (in
40%-100% of cases) with poor defect healing after
microfracture in cartilage defects of 2 to 4cm? with a
mean follow-up of 10 years and greater [14].

The primary effectiveness measure, the IKDC subjec-
tive score, showed a steady and significant improvement

over time, increasing from 48.7 +17.4 preoperatively to
80.0+17.2 at 36 months. This continuous improvement is
comparable to the results of Eichinger et al., who docu-
mented significant increases in IKDC scores up to
5-7 years postoperatively [12]. Furthermore, the findings
are corroborated by Bumberger et al.,, who obser-
ved substantial improvements in IKDC scores with
NOVOCART-based ACI products over shorter periods [9].

Responder rates at 36 months reached 78.5%
based on the >11.5-point cut-off and 64.6% based on
the stricter >20.5-point cut-off. These results are
comparable to those reported by Weishorn et al., where
a majority of patients achieved clinically meaningful
improvements over a similar time frame [37].

In contrast to previous studies, which evaluated
NOVOCART® 3D under more controlled conditions,
our study provides real-world data on a broader patient
population, including those with comorbidities and
concomitant procedures, thereby enhancing general-
izability [37, 38].

Limitations

The generalizability of the analyses separated by
subgroups is limited because of the relatively small and



10 of 13
g—W[ L_E Y—Journal of Experimental Orthopaedics

FIGURE 4 Clinical case No. 1. 34-year-old patient with 5° varus deviation (a) and a large and deep OD of the medial femoral condyle
(b, c) of the left leg. Arthroscopic view of the OD (d) and chondrocyte harvesting (e) combined with a HTO (f). After 4 weeks the preparation of
the defect after removal of the OD (g, h) and osteochondral treatment with cancellous bone grafting (i) combined with a MACT was performed
()- The arthroscopic view of the reconstructed medial condyle by a stable and integrated osteochondral regenerative tissue (k, 1) during implant
removal after bony healing of the leg axis correction is shown (m, n, o).

FIGURE 5 Clinical case No. 2. Different fixation methods available: 37-year-old patient with huge osteochondral defect on the lateral
femoral condyle. Due to the posterior position, the NOVOCART® 3D implant was fixed besides 6-0 sutures in the posterior defect aspect with
reservable pins (Smart nails, 1,5 mm) after cancellous bone grafting. MRI scans in sagittal (a) and coronal (b) views, along with an arthroscopic
view (c), illustrate the fixation approach.

heterogeneous sample sizes within certain subgroups. and onwards as well as the absence of any robust
Nevertheless, the nominally significant improvements signs of clinically meaningful differences among sub-
from baseline in the IKDC subjective score observed in groups suggest that the treatment with NOVOCART®
almost all subgroups from 12 months postoperatively 3D is similarly beneficial in a broad range of patients



with cartilage defects in the knee. This includes pa-
tients who were traditionally supposed to benefit less
from cartilage repair attempts, such as patients with
larger defects, retro-patellar defects or degenerative
cartilage lesions, or patients who had undergone prior
cartilage repair procedures on the same defect. Like-
wise, the subgroup analyses separated by age groups
did not indicate relevant differences in the IKDC sub-
jective score changes from baseline, suggesting that
treatment with NOVOCART® 3D was effective inde-
pendently of the patients' age.

An additional limitation is the exclusive use of the
IKDC 2000 score as the sole outcome measure. The
absence of objective imaging or structural assess-
ments limits the robustness of conclusions regarding
treatment effectiveness. In addition, although the
presence of previous surgeries was recorded, no
detailed information was collected on the type, tim-
ing, or extent of these procedures. A further limitation
of the present study is the lack of follow-up imaging,
such as MRI. While structural outcome measures like
the MOCART score would have provided valuable
insights into cartilage repair tissue quality, they
were not included due to the non-interventional
nature and associated resource constraints of the
study. Moreover, the variability in fixation techniques
and concomitant procedures reflects real-world
practice but introduces heterogeneity, which may
influence outcomes.

CONCLUSIONS

The findings from the NISANIK study, spanning a
three-year individual observation period, indicate the
safety of NOVOCART® 3D treatment. Regarding
effectiveness, patients in the study demonstrated a
notable and progressively increasing mean improve-
ment compared to their pre-operative condition. The
study furthermore demonstrated that NOVOCART® 3D
is universally applicable across all age groups
and BMI ranges, and it can also be effectively
used in patients with larger lesions, retro-patellar
lesions and in such having received bone-grafting
without compromising the outcome, unlike related
procedures.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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