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Clinical Research Article

Introduction

Articular cartilage damage is often associated with signifi-
cant discomfort such as pain, swelling, and functional 
impairment.1 From clinical studies with observation periods 
of up to 30 years, it is now known that the natural course 
and the further prognosis of knee cartilage lesions are deter-
mined by different aspects. In particular, associated risk 
factors for the development of premature osteoarthritis 
(OA) include the size, depth, and localization of the defect, 
as well as possible additional injuries to knee protective 
structures, such as ligaments, the meniscus, or other comor-
bidities like axial or patellar malalignment.2-5

These pre-arthritic deformities have consequences that 
can lead to abnormal stress and altered biomechanical load-
ing of the affected joint that may induce secondary inflam-
matory processes associated with the expression of 
pro-inflammatory cytokines, matrix-degrading metallopro-
teinases, recruitment and activation of inflammatory cell 
types, adverse angio- and osteogenesis, and the ingrowth of 
new sensory nerves and blood vessels into the joint.5,6 The 
escalation of a pathological joint environment not only 
favors the emergence of pain and degenerative changes but 
also inhibits cartilage regeneration.7 Against this back-
ground, there is broad consensus that in case of persistent 
clinical complaints due to focal cartilage damage, surgical 
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Abstract
Objective. To evaluate the clinical outcome of a hydrogel-based autologous chondrocyte implantation (ACI) for large 
articular cartilage defects in the knee joint. Design. Prospective, multicenter, single-arm, phase III clinical trial. ACI was 
performed in 100 patients with focal full-thickness cartilage defects ranging from 4 to 12 cm2 in size. The primary outcome 
measure was the responder rate at 2 years using the Knee Injury and Osteoarthritis Outcome Score (KOOS). Results. 
Two years after ACI treatment, 93% of patients were KOOS responders having improved by ≥10 points compared with 
their pre-operative level. The primary endpoint of the study was met and demonstrated that the KOOS response rate is 
markedly greater than 40% with a lower 95% CI (confidence interval) of 86.1, more than twice the pre-specified no-effect 
level. KOOS improvement (least squares mean) was 42.0 ± 1.8 points (95% CI between 38.4 and 45.7). Mean changes 
from baseline were significant in the overall KOOS and in all 5 KOOS subscores from Month 3 (first measurement) to 
Month 24 (inclusive) (P < 0.0001). The mean MOCART (Magnetic Resonance Observation of Cartilage Repair Tissue) 
score after 24 months reached 80.0 points (95% CI: 70.0-90.0 points) and 92.1 points in lesions ≤ 5 cm2. Conclusions. 
Overall, hydrogel-based ACI proved to be a valuable treatment option for patients with large cartilage defects in the knee 
as demonstrated by early, statistically significant, and clinically meaningful improvement up to 2 years follow-up. Parallel 
to the clinical improvements, MRI analyses suggested increasing maturation, re-organization, and integration of the repair 
tissue. Trial Registration. NCT03319797; EudraCT No.: 2016-002817-22.
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defect therapy and the correction of relevant comorbidities, 
for example, knee malalignment, should be performed as 
early as possible.4

For the biological reconstruction of localized full-thick-
ness cartilage defects, different methods, such as bone mar-
row stimulating techniques, osteochondral transfer or 
allografts, particulated or minced cartilage procedures and 
autologous chondrocyte implantation (ACI), are available. 
In this context, in addition to long-term observations, sev-
eral studies, some at the highest level of evidence, have 
documented that second- and third-generation ACI methods 
provide the lowest failure and revision rates and the best 
long-term results for both chondral and osteochondral 
lesions of the knee, in particular, in defects larger than 2 to 
4 cm2 in size.8-13

Furthermore, there is increasing evidence that improved 
quality of the regenerated tissue (i.e., cartilage with hyaline 
instead of fibrous characteristics), integration, and surface 
properties in the absence of vascularization or ossification 
is beneficial for durable long-term results after cartilage 
reconstructive surgery.4,8,14 Last, compared with arthrot-
omy-based, more open surgical approaches, the arthroscopic 
application of ACI is associated with lower complication 
rates.15

For this reason, we have developed a biocompatible and 
in situ cross-linkable albumin-hyaluronan-based hydrogel 
as a carrier material for matrix-assisted autologous chon-
drocyte implantation (M-ACI) procedures. It can be applied 
either arthroscopically or by a minimally invasive proce-
dure even in difficult defect locations.16 The cross-linked 
hydrogel has a water content greater than 95% and does not 
support cell adhesion for most cell types. However, 

chondrocytes are anchorage-independent and exhibit high 
viability as well as a spherical cell morphology in the gel, 
which promotes and stabilizes their chondrogenic pheno-
type,17,18 favorable for repair tissue quality and graft sur-
vival.19 Due to the mentioned physical properties, it has 
barrier function for inflammatory and endothelial cell inva-
sion, resulting in anti-inflammatory, anti-angiogenic, and 
thus also anti-osteogenic effects.17,18 When applied to a car-
tilage lesion, the low viscosity cell-seeded biomaterial can 
flow into the smallest and most irregular-sized defect niches 
prior to its solidification.

Using this hydrogel as carrier for culture-expanded chon-
drocytes that were characterized before product release with 
respect to their potency, identity, and purity according to the 
European Medicines Agency (EMA) guideline on human 
cell–based medicinal products (EMEA/CHMP/410869/2006), 
we have performed a prospective, international, multicenter 
phase III study to treat 100 patients with large chondral or 
osteochondral defects of the knee. Post-operative follow-up 
time is up to 5 years and the results presented here are an 
analysis of the 2-year time point.

Methods

Study Design and Participants

This prospective, single-arm phase III clinical trial was con-
ducted in full compliance with the principles laid down in 
the Declaration of Helsinki, the Guideline E6 for Good 
Clinical Practice of the International Conference on 
Harmonization (ICH GCP), and relevant local laws and 
regulations. After approval by the local ethics committees, 
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federal authorities, and study registration (ClinicalTrials.
gov identifier: NCT03319797; EudraCT No.: 2016-002817-
22), patients who consented in writing to participate in the 
trial were enrolled and treated between October 2017 and 
February 2019 for focal symptomatic cartilage defects of 
the knee at 6 Czech, 5 Hungarian, 3 Lithuanian, 2 German, 
and 1 Swiss centers.

Males and females aged 18 to 65 years (or ≥14-year-old 
minors with closed epiphyseal growth plates) with focal 
cartilage defects of the femoral condyle, trochlea, patella, or 
tibial plateau of the knee (defect grade of III or IV accord-
ing to the International Cartilage Regeneration & Joint 
Preservation Society [ICRS] classification) were eligible 
for enrollment. The defect size was to range between 4 and 
12 cm2, 2 defects as well as prior failed cartilage repair of 
the index lesion were allowed. Detailed inclusion and 
exclusion criteria are presented in Table 1.

All potential study patients were evaluated preopera-
tively by MRI of the affected knee joint to assess both the 
lesion and the surrounding healthy cartilage. Final eligibil-
ity was then determined during diagnostic arthroscopic 

surgery. Of the 132 patients screened, 102 patients were 
assessed as eligible to participate and were included in the 
study. Of these, 100 patients were treated with M-ACI, and 
2 patients discontinued participation prior to implantation, 
but after harvest of the cartilage biopsy.

Surgical Technique

In this study, the NOVOCART® Inject plus product 
(TETEC—Tissue Engineering Technologies AG, 
Reutlingen, Germany), a 2-component injection system, 
was investigated: The first component consists of in vitro 
culture-expanded and characterized autologous articular 
chondrocytes (2-8 Mio. cells per mL) suspended in a solu-
tion containing modified human albumin (maleimido-albu-
min, MAHSA), isotonic sodium hyaluronate, human serum, 
and cell culture medium. The second component consists of 
an α,ω-bisthio-polyethylene glycol cross-linker. By simul-
taneous injection of the 2 components via a dual-chamber 
syringe application system, in situ formation of the hydro-
gel is achieved by cross-linking of the MAHSA moieties.

Table 1.  Main Inclusion and Exclusion Criteria.

Inclusion criteria
•• Men/women ≥ 18 and ≤ 65 years old or pediatric patients (14-17 years old) with closed epiphyseal growth plate
•• One or 2 focal, full-thickness cartilage defect(s) of the knee (ICRS grade III or IV)
•• Defect size ≥ 4 and ≤ 12 cm2

•• Defect localization: Femoral condyle, trochlea, patella, or tibial plateau
•• Intact, well-contained chondral structure surrounding the defect and intact articulating joint surface opposite to the defect(s) to be 

treated (≤ grade I ICRS)
•• Stable knee joint or sufficiently reconstructed ligaments and no patella malalignment or sufficiently corrected patella malalignment
•• Baseline score of < 65/100 in the overall KOOS

Exclusion criteria
•• ICRS grade II cartilage defects in the target knee
•• Prior biologic reconstructive procedures (e.g., microfracture, mosaicplasty, chondrocyte transplantation) in the target knee at a 

location different from the defect location to be treated in the trial. Prior biologic reconstructive procedures on the index lesion 
were accepted (i.e., the prior method has failed), and these procedures were performed ≥ 24 months prior to screening.

•• Body mass index >35 kg/m2

•• More than 50% resection per meniscus in the target knee
•• Subchondral bone defects more than 2 mm deep unless adjuvant defect filling performed prior to treatment
•• Drugs or therapy (shortened): Immunosuppressants, systemic or intra-articular steroids, and/or steroid use within 30 days prior to 

screening
•• Diseases/conditions (shortened): Metabolic arthropathies, autoimmune disease, immune suppression, history of or current relevant 

infections, chronic inflammatory arthritis and/or infectious arthritis, uncontrolled diabetes, systemic connective tissue disease, 
history of borreliosis, history of cancer, osteoporosis, primary hyperparathyroidism or hyperthyroidism without satisfactory 
treatment, chronic renal failure or patients with prior pathological fractures, any degenerative muscular or neurological condition 
that would interfere with evaluation of outcome measures

•• Pregnancy
•• Uncorrected malalignment (valgus- or varus-deformity) in the target knee
•• Degenerative joint disease in the target knee as determined by Kellgren and Lawrence grade >2
•• Joint space narrowing > 1/3 in the target knee when compared with the other knee or < 3 mm joint space
•• Arthrofibrosis in the target knee
•• Diffuse chondromalacia (grade 1 according to Outerbridge allowed)

ICRS = International Cartilage Regeneration & Joint Preservation Society; KOOS = Knee Injury and Osteoarthritis Outcome Score.
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In the first step, osteochondral biopsies from eligible 
patients are harvested during arthroscopic surgery from a 
non-weightbearing area of the knee joint using a single-use 
trephine (Aesculap, Tuttlingen, Germany). A total of 3 
osteochondral cylinders (diameter of 4 mm, about 7 mm 
deep) per patient are harvested and sent to the manufactur-
ing facility (TETEC—Tissue Engineering Technologies 
AG, Reutlingen, Germany). Implant production takes 24 ± 
5 days starting from tissue processing.

In the second step, M-ACI is performed either arthroscop-
ically or through a mini-arthrotomy approach. NOVOCART® 
Inject plus is applied to the prepared, dry defect area via the 
dual-chamber syringe until the defect is completely filled to a 
height that matches the surrounding native cartilage. The 
resulting bioresorbable hydrogel anchors the seeded cells 
within the defect without the need for additional fixation. (In 
situ) solidification through cross-linking of the hydrogel 
occurs within 1 to 3 minutes. The leg/knee joint is held sta-
tionary in position during this time. After solidification of the 
transplant, the joint was moved within its physiological range 
of motion to check joint mobility and graft stability, followed 
by wound closure.

After surgery, all patients followed a defined rehabilita-
tion protocol based on Hirschmüller et al.20

Main Assessment Criteria

Primary outcome assessment was performed using the Knee 
Injury and Osteoarthritis Outcome Score (KOOS), which is 
a validated and widely accepted patient-reported instrument 
for assessment of treatment outcome in patients with carti-
lage defects of the knee.21 The KOOS ranges from 0 indi-
cating extreme symptoms to 100 indicating no symptoms. 
An improvement of 8 to 10 points in the KOOS represents 
the minimal clinically important difference,22 that is, the 
smallest change score needed for the effect to be considered 
clinically relevant.23 Secondary assessments to KOOS 
included the subjective International Knee Documentation 
Committee (IKDC) score,24,25 IKDC objective grading 
(knee examination), the EQ-5D-5L (standardized measure 
of quality of life),25-27 and patient satisfaction. All patients 
were assessed preoperatively (baseline) and then at 3, 6, 12, 
18, and 24 months after treatment.

The assessment of repair tissue properties was performed 
12 and 24 months after treatment in a subset of 25 patients 
by the Magnetic Resonance Observation of Cartilage Repair 
Tissue (MOCART) score,28,29 and T2-mapping.30-36 No 
baseline status was documented, as both the MOCART 
score and the T2-mapping characteristics mainly refer to the 
cartilage repair tissue and thus do not allow relevant pre-
operative assessment. The MOCART sum score quantifies 
10 items of graft maturation and lesion healing by semi-
quantitative, morphological categorization, while the T2 
relaxation time-derived variables provide information on 

the ultrastructural composition of the repair tissue that 
reflects the integrity and vitality of cartilage and cartilage 
regenerated tissue. The MOCART sum score ranges from 0 
(worst possible outcome) to 100 (normal joint), while 
decreasing values for T2 relaxation time (up to a certain 
extent) and smaller T2 standard deviations indicate a higher 
structural organization of the regenerated tissue.

Moreover, the T2 relaxation time measured in the repair 
tissue can be set in relation to the T2 relaxation time mea-
sured in the surrounding healthy cartilage tissue, thereby 
resulting in a “global” T2 ratio (if only the full-thickness 
tissue areas are measured) and in a “zonal” T2 ratio (if, in 
addition, the differences in T2 relaxation times in the super-
ficial and deep zones of the cartilage areas are considered). 
Ideal global and zonal T2 ratios are “1” (indicating no dif-
ference between regenerated tissue and normal tissue), and 
the ratio range of 0.8 to 1.2 is regarded as “normal” (and 
was therefore employed for the analyses of the T2 ratios).

Safety was assessed based primarily on adverse events.

Statistical Analysis

All statistical analyses were performed using the software 
package SAS, Version 9.4 or higher.

Primary efficacy analysis.  The primary study outcome was 
the overall KOOS responder rate (R) defined as the propor-
tion of patients with a ≥10-points improvement from base-
line at Month 24. The no-effect level was set to 40%, 
thereby resulting in the confirmatory study hypothesis:

H : R 40% vs.H : R >40%0 1

Patients with missing 24-month assessment or patients 
classified as treatment failures were handled as non-
responders irrespective of the reason for drop out or their 
actual KOOS response, respectively.

The H0 hypothesis was tested using a 1-side exact bino-
mial test at a significance level of 0.025. Sufficient treat-
ment efficacy was to be concluded, if the lower bound of 
the 95% confidence interval (CI) for the KOOS responder 
rate according to Clopper-Pearson was >40%.

Sensitivity analyses were performed taking into account 
concomitant analgesic medication and “complete cases” 
(only non-missing KOOS scores collected at the respective 
visit were analyzed).

Secondary efficacy endpoints.  All other efficacy data were 
analyzed exploratively.

The change in the overall KOOS from baseline to the 
24-month visit was considered a key secondary endpoint 
and was analyzed by a linear mixed-effect model for 
repeated measurements (MMRM) using all the longitudinal 

≤
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observations of the overall KOOS score after implantation 
up to and including Month 24 (except observations obtained 
after surgical intervention in patients classified as treatment 
failures). The model included the effects of “country,” 
“visit,” and “baseline score.” The treatment effect at each 
post-baseline timepoint was estimated using least square 
(LS) means for changes from baseline, as well as associated 
95% CIs and P values. The analysis was repeated taking 
into account the concomitant analgesic medication as 
described for the primary endpoint.

Other continuous secondary efficacy endpoints were 
analyzed using the MMRM model as described for the key 
secondary endpoint. Ordinal secondary endpoints were ana-
lyzed using ordinal logistic regression or rank-based 
methods.

Two-sided statistical tests were performed on a level of 
significance of α = 0.05 and corresponding 2-sided 95% 
CIs were calculated.

All efficacy analyses were done on the intent-to-treat 
(ITT) population (i.e., patients who have received M-ACI 
treatment) and repeated for the per protocol population.

Logistic models were applied to explore the influence of 
a panel of preselected factors/covariates on the primary effi-
cacy endpoint (KOOS responder rate at Month 24). Potential 
associations with the key secondary endpoint (KOOS mean 
change from baseline at Month 24) were explored by add-
ing the respective categorical or continuous effects to the 
MMRM for the key secondary efficacy analysis.

The association of semi-quantitative MOCART scores 
and quantitative T2-mapping analyses with the primary 
efficacy endpoint and the key secondary endpoint were 
explored using logistic or linear models.

Results

Patient Population

Patient demographic and baseline characteristics are sum-
marized in Table 2. The ITT analysis population comprised 
100 patients (37 women, 63 men) with a mean age of 39.8 
± 11.5 years (range: 15-62 years). The mean body mass 
index was 27.0 kg/m2, while at least 50% of the study 
patients were overweight (BMI ≥25) and at least 25% 
obese (BMI ≥30), respectively. A total of 52 patients 
(52.0%) had undergone at least 1 knee operation prior to 
study entry, including 8 patients (8.0%) with prior failed 
cartilage repair (2 patients thereof had failed twice). The 
mean time elapsed between the occurrence of the first knee 
symptoms and study inclusion among study patients was 
22.7 ± 26.8 months (range: 0.5-126.6 months).

Seventy patients had only 1 cartilage defect (ICRS grade 
III or IV), while 30 patients had 2 defects, that is, a total of 
130 defects were treated in this study. Most lesions were of 
traumatic origin (60.0%), while 35.4% were focal 

degenerative lesions and 4.6% (6 lesions) were caused by 
osteochondritis dissecans (OCD). Most defects were located 
at the femoral condyle (61.5%; 11.5% lateral, and 50.0% 
medial), while 34.6% of the lesions were located patello-
femoral and 3.8% tibial.

The mean defect size of the 130 lesions post-debride-
ment was 4.8 ± 1.9 cm2 (range: 1.0-10.4 cm2), while the 
mean total defect size among the 100 study patients (i.e., all 
lesions per patient added to 1 single value) was 6.3 ± 2.1 
cm2 (range: 4.0-12.5 cm2). In addition, lesions were classi-
fied into larger and smaller lesions, that is, in patients with 
2 lesions, classification was based on the size of the respec-
tive lesions, while in patients with 1 lesion only, this lesion 
was classified as the larger lesion. The defect size of the 100 
larger lesions was 5.4 ± 1.6 cm2 (range: 3.0-10.4 cm2).

In 22 patients (22.0%), other surgical procedures were 
performed concomitantly to tissue harvest or product 
implantation, most of them ligament repair operations (11 
patients). For the implantation procedure, 49% of patients 
underwent mini-arthrotomy, 46% had arthroscopy, and 5 
patients underwent open knee surgery. The mean duration 
of the ACI procedure was 46.2 ± 26.2 minutes (median: 
40.0 minutes) in the overall population and 39.6 ± 19.8 
minutes (median: 35.0 minutes) in patients without con-
comitant surgeries at implantation.

KOOS Results

Response Rate (Primary Outcome)

Twenty-four months after treatment with NOVOCART® 
Inject plus, 93% of patients were KOOS responders, that is, 
with scores improved by ≥10 points compared with their 
pre-operative level. The study met its primary efficacy end-
point as the 95% CI was between 86.1% and 97.1% and 
thus the lower 95% CI limit was significantly higher than 
the pre-specified level of 40% (P < 0.0001). The sensitivity 
analyses (based on adjustment for increased pain medica-
tion given within 7 days prior to the assessment time point 
and complete cases, respectively), showed results that were 
almost identical to the main analysis and thus supported its 
validity.

The analysis over time (Fig. 1, Table 3) showed that the 
KOOS responder rate had exceeded the threshold of 40% at 
the time of the first measurement as early as 3 months with 
71% responders and a 95% CI between 61.1% and 79.6% 
(P < 0.0001).

Changes from baseline.  Absolute values for the overall KOOS 
and changes from baseline are outlined in Table 3. The mean 
overall KOOS increased from 39.8 points preoperatively to 
82.4 points at the follow-up examination 24 months after 
treatment. The corresponding mean improvement (LS 
means) was 42.0 ± 1.8 points (95% CI: 38.4-45.7). The 
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mean changes from baseline were significant in the overall 
KOOS and in all 5 KOOS subscores at all timepoints 

Table 2.  Patient Demographic and Baseline Characteristics.

All Patients (N = 100)

Sex, n (%)
  Male 63 (63.0)
  Female 37 (37.0)
Age (years), mean ± SD (range) 39.8 ± 11.5 (15-62)
Body mass index (kg/m2), mean ± SD (range) 27.0 ± 4.1 (20.2-34.4)
Smoking status, n (%)
  Yes 25 (25.0)
  No 75 (75.0)
Patients with at least 1 prior surgery,a n (%) 52 (52.0)
  Meniscus removal 27 (27.0)
  Joint debridement 16 (16.0)
 L igament operation 15 (15.0)
  Chondroplasty 7 (7.0)
Time since first symptoms (months), mean ± SD 22.7 ± 26.8 (0.5-126.6)
Concomitant surgeries,b n (%) 22 (22.0)
 L igament operation 11 (11.0)
  Osteotomy 5 (5.0)
  Meniscus removal 3 (3.0)
 T enoplasty 3 (3.0)
Number of defects per patient, n (%)
  One defect 70 (70)
 T wo defects 30 (30)
Defect location, n defects (%)
  Femoral condyle 80 (61.5)
  Patellofemoral 45 (34.6)
 T ibial plateau 5 (3.8)
ICRS grade, n defects (%)
  3 93 (71.5)
  4 37 (28.5)
Lesion etiology, n defects (%)
 T raumatic 78 (60.0)
  OCD 6 (4.6)
  Focal degenerative 46 (35.4)
Defect size (cm2), mean ± SD (range)
 A ll lesions 4.8 ± 1.9 (1.0-10.4)
 L arger lesionc 5.4 ± 1.6 (3.0-10.4)
 T otald 6.3 ± 2.1 (4.0-12.5)
Operative access, n (%)
 A rthroscopy 46 (46.0)
  Mini-arthrotomy 49 (49.0)
  Open knee surgery 5 (5.0)
Duration of implantation (minutes), mean ± SD (range)
 A ll patients 46.2 ± 26.2 (10-161)
  Patients without concomitant surgery 39.6 ± 19.8 (10-161)

n = number of patients; n defects = number of defects; ICRS = International Cartilage Regeneration & Joint Preservation Society; OCD = 
osteochondritis dissecans.
aOnly surgeries performed in more than 3 patients are given.
bPerformed concomitantly to tissue harvest or product implantation. Only surgeries performed in more than 1 patient are given.
cLesions were classified into larger and smaller lesions, that is, in patients with 2 lesions, the classification was based on the size of the respective 
lesions, while in patients with 1 lesion only, this lesion was classified as the larger lesion.
dAll lesions per patient added to 1 single value.

measured from Month 3 to Month 24 (P < 0.0001). The 
greatest improvements at Month 24 (i.e., an increase of more 
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than 40 points) were found in the sports/recreation (LS mean 
increase: 54.6 ± 2.5; 95% CI: 49.7-59.5) and quality of life 
(LS mean increase: 47.3 ± 2.6; 95% CI: 42.1-52.4) 
subscores.

In the covariate analyses covering a broad range of 
demographic and medical conditions as well as product 
characteristics (e.g., age, sex, defect size, symptom dura-
tion, defect etiology and location, cell density, number of 
population doublings), the only covariate with a likely 
impact on overall KOOS changes from baseline was “prior 
failed cartilage repair” where patients without prior failure 
achieved higher changes from baseline (mean increase: 
43.4 vs. 32.8 points).

Nevertheless, patients with prior failed cartilage repair 
clearly benefited from treatment with 6 out of 8 patients 
(75%), including 2 patients who had failed microfracture 
first and then mosaicplasty, achieving a KOOS and IKDC 
response (Fig. 2).

Other Clinical Efficacy Results

The mean changes from baseline in the IKDC subjective 
score, which ranges from 0 (worst result) to 100 (best result), 
were highly significant at all time points (i.e., P < 0.0001; 
including Month 3) and increased in their extent through 
Month 24 (LS mean increase from baseline: 41.6 ± 1.9 
points; 95% CI: 37.9-45.4). At Month 24, the IKDC subjec-
tive responder rates I (improvement of >20.5 points) and II 
(improvement of ≥11.5 points) were 84.0% (95% CI: 75.3-
90.6) and 89.0% (95% CI: 81.2-94.4), respectively.

The analysis of the IKDC objective knee examination at 
Month 24 showed a nominally significant shift toward the 

more favorable assessment categories compared with the 
baseline status. The proportion of patients with a “normal” 
knee status increased from 52.0% at baseline to 91.4% at 
Month 24 (Wilcoxon signed-rank test for the change from 
baseline: P < 0.0001).

Consistent with the improvements in the clinical scores, 
the EQ-5D-5L health-related quality of life measures 
(EQ-5D-5L index and visual analogue scale) increased sig-
nificantly compared with pre-operative assessments from 
(including) Month 3 through Month 24 (P < 0.0001 for 
both parameters at all timepoints).

In summary, all secondary endpoints showed results 
consistent with the primary endpoint, that is, early and sig-
nificant improvement from (and including) Month 3 and 
sustained or even increasing improvement up to Month 24.

MRI Results

The main MRI outcomes after 12 and 24 months are sum-
marized in Table 4.

Among all 25 patients (with 30 lesions), the mean 
MOCART sum score was 70.0 points (median: 75.0) at 
Month 12 and increased to 80.0 points (median: 90.0; 95% 
CI: 70.0-90.0) at Month 24. In the 7 patients with defect 
sizes of 5 cm2 or less (median split), the MOCART sum 
score reached 92.1 points at 2 years.

The proportion of lesions within the “ideal range” of 0.8 
to 1.2 increased from 60.0% to 73.9% for the T2 global 
ratio and from 60% to 78.3% for the T2 zonal ratio at 
Months 12 and 24, respectively. Overall, these MRI-based 
assessments suggested that the observed clinical improve-
ments through Month 24 were accompanied by progressing 

Figure 1.  KOOS responder rates over time through Month 24. Vertical error bars indicate the exact 95% confidence intervals 
according to Clopper and Pearson. P values are derived from the 1-sided exact binomial test of hypotheses H0: Rate ≤ 40% versus H1: 
Rate >40%. KOOS = Knee Injury and Osteoarthritis Outcome Score.
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graft maturation and cartilage re-organization. In the analy-
ses of potential correlations between clinical and imaging 
outcomes, there were no significant associations between 
the MOCART score or the T2-mapping parameters with 
KOOS outcomes.

Safety Results

Adverse events were assessed in the safety population (i.e., 
patients with cartilage biopsies taken) comprising 102 
patients. The most common treatment-related adverse 
events occurring in more than 1 patient were arthralgia (18 
patients, 17.6%), joint effusion (18 patients, 17.6%), joint 
swelling (10 patients, 9.8%), joint crepitation (5 patients, 

4.9%), and muscle atrophy (2 patients, 2.0%). None of the 
related adverse events were severe and no patient discontin-
ued the study due to an adverse event; 8 patients (7.8%) 
experienced moderate and 36 patients (35.3%) experienced 
mild related adverse events. Most of the related adverse 
events occurred within the first year post treatment, while 
late events were reported in 3 patients only (1 patient each 
with arthralgia, joint crepitation, and transplant failure).

Related serious adverse events were seen in 2 patients: 
one patient with transplant failure due to complete graft 
delamination and another patient with lateral patellar com-
pression syndrome which was most probably caused by 
overtightened sutures of the knee joint capsule during trans-
plantation surgery.

Unplanned subsequent surgical interventions (SSIs) 
were performed in 7 patients (6.9%). The most common 
adverse event leading to an unplanned SSI was meniscus 
injury in 4 patients (3.9%); the other events were reported in 
1 patient each (arthrofibrosis, chondropathy, knee defor-
mity, tibia fracture, lateral patellar compression syndrome, 
and transplant failure). Only 2 of these adverse events were 
considered treatment-related, the above-mentioned trans-
plant failure (related to the product and the surgical proce-
dure) and lateral patellar compression syndrome (related to 
surgery) which both had recovered after corrective surgery. 
Overall, the observed pattern of adverse events was fully 
consistent with the study population and the treatment 
method used.

Discussion

Cartilage defects (chondral and osteochondral) are a main 
risk factor for developing OA in both the knee and hip, 
which, by definition, is irreversible.37-40 The presence of 
large full-thickness defects (≥2 cm2) increases the risk of 
total knee arthroplasty,2,3 and it has been suggested that this 

Table 3.  Overall KOOS Score Changes From Baseline and Responder Rates Over Time.

All Patients (N = 100)

  Baseline 3 Months 12 Months 24 Months

KOOS Score ± SD 39.8 ± 14.3 66.3 ± 15.8 78.8 ± 15.0 82.4 ± 16.4
LS mean change (SE) — 26.2 (1.7) 38.8 (1.6) 42.0 (1.8)
  95% CI [22.8-29.6] [35.6-42.0] [38.4-45.7]
  P valuea <0.0001 <0.0001 <0.0001
Response rate (%) — 71.0 95.0 93.0
  95% CIb [61.1-79.6] [88.7-98.4] [86.1-97.1]
  P valuec <0.0001 <0.0001 <0.0001

KOOS = Knee Injury and Osteoarthritis Outcome Score; LS = least square; CI = confidence interval; MMRM = mixed-effect model for repeated 
measurements.
aFrom linear MMRM with “country” and “visit” as fixed factors, and “baseline KOOS score” as covariate. All patients with post-baseline data are 
included.
bClopper-Pearson (exact) binomial confidence interval.
cFrom 1-sided exact binomial test of hypotheses H0: Rate ≤40% versus H1: Rate >40%.

Figure 2.  Scatter plot with linear regression model for 
overall KOOS change from baseline at Month 24 by prior 
failed cartilage repair. KOOS = Knee Injury and Osteoarthritis 
Outcome Score.
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may be delayed by ACI treatment.41 The study reported here 
demonstrated that 2 years after M-ACI treatment of large 
cartilage lesions (≥ 4 cm2) with NOVOCART® Inject plus, 
93% of patients were KOOS responders, that is, improved 
by ≥10 points compared with their pre-operative level. 
Thus, the study met its primary endpoint and demonstrated 
that the KOOS response rate after treatment with 
NOVOCART® Inject plus is markedly greater than 40% 
with a lower 95% CI of 86.1, which is more than twice the 
pre-specified no-effect level. The favorable outcome in 
terms of KOOS response rate was also consistently reflected 
by all secondary variables measured.

While the KOOS response criteria are usually based on 
the minimal clinically important difference (MCID), that is, 
8 to 10 points improvement (www.koos.nu), a substantial 
clinical benefit (SCB) is defined as the clinical value that 
the patient considers as substantial improvement. However, 
according to Ogura et  al., a considerable improvement is 
required to achieve SCB rather than MCID after ACI, and 
only half of the patients reached SCB.42 A post hoc analysis 
using the same SCB criteria as reported by Ogura et al. has 
shown that in the NOVOCART® Inject plus study, 84% of 
patients achieved SCB of 30 points improvement in the 
KOOS sports/recreation subscore and 73% of patients 
achieved SCB of 37.5 points improvement in the KOOS 
QoL subscore (mean changes from baseline in SCB 
responders was 62.9 ± 17.9 for KOOS sports/recreation 
and 59.2 ± 16.7 for KOOS QoL). These KOOS subscores 
have shown to be most predictive of patient satisfaction in 
this setting.43,44 Together with the high KOOS responder 
rates, the changes from baseline in the overall KOOS, and 

the high corresponding lower CI limits, the observed per-
centages of patients who reached SCB underlines the clini-
cal relevance of the improvements achieved after treatment 
with NOVOCART® Inject plus.

The efficacy results of the present study also compare 
favorably with other ACI studies in patients with similarly 
large defect sizes. In a phase II study, where patients with a 
mean defect size of 5.6 cm2 were treated with Spherox® 
(co.don AG, Germany), the mean absolute KOOS after 2 
years was 73.8 points and the mean IKDC score 70.3 points, 
which corresponded to changes from baseline of 16.6 and 
18.7 points, respectively.45 In comparison, for 
NOVOCART® Inject plus, absolute values of 82.4 (LS 
mean change from baseline: 42.0 points) were achieved in 
the KOOS and 75.8 (LS mean change from baseline: 41.6 
points) in the IKDC score. Some differences exist between 
these studies in terms of patient age (34 years vs. 39.8 years) 
and defect characteristics (single vs. multiple defects) that 
disfavor NOVOCART® Inject plus. Furthermore, baseline 
KOOS was (per inclusion criteria) lower in the 
NOVOCART® Inject plus study (39.8 vs. 57.0 points) 
favoring more room for improvement compared with 
Spherox® but this does not diminish the higher absolute 
values achieved in these scores. In a phase III study using 
matrix-associated ACI that employed a collagen type I/III 
membrane (MACI®; Genzyme) conducted by Saris et al., 
defect sizes of cartilage lesions in the knee were also similar 
to those observed in the NOVOCART® Inject plus trial 
(index lesion size: 4.9 cm2, total defect size: 5.8 cm2). Two 
years after treatment with MACI®, the absolute IKDC 
score had improved from 32.9 to 65.7 score points 

Table 4.  Overview of MRI Outcomes (MOCART Score and T2-Mapping) at Months 12 and 24.

MRI Variable

All Patients (n = 25)

Month 12 Month 24

MOCART sum score n patients / n lesions 25 / 30 24 / 28
Mean ± SD [95% CI] 70.0 ± 22.4 [61.6-78.4] 80.0 ± 25.7 [70.0-90.0]
Median (range) 75.0 (10-100) 90.0 (10-100)

T2 Global ratio n patients / n lesions 21 / 25 20 / 23
Mean ± SD [95% CI] 1.09 ± 0.23 [1.00-1.19] 0.98 ± 0.24 [0.87-1.08]
Median (range) 1.03 (0.77-1.64) 0.940 (0.69-1.92)
<0.8, n (%) 2 (8.0) 4 (17.4)
0.8-1.2, n (%) 15 (60.0) 17 (73.9)
>1.2, n (%) 8 (32.0) 2 (8.7)

T2 Zonal ratio n patients / n lesions 21 / 25 20 / 23
Mean ± SD [95% CI] 1.10 ± 0.22 [1.01-1.2] 1.01 ± 0.20 [0.92-1.10]
Median (range) 1.11 (0.66-1.54) 0.99 (0.64-1.52)
<0.8, n (%) 2 (8.0) 2 (8.7)
0.8-1.2, n (%) 15 (60.0) 18 (78.3)
>1.2, n (%) 8 (32.0) 3 (13.0)

Percentages and numbers of observations are based on the number of lesions.
MOCART = Magnetic Resonance Observation of Cartilage Repair Tissue; CI = confidence interval.

www.koos.nu
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(NOVOCART® Inject plus: improvement from 34.4 to 
75.8 points).46 Although direct comparison of data from dif-
ferent studies is not entirely unproblematic, it nevertheless 
shows that the KOOS and IKDC results in the NOVOCART® 
Inject plus trial are well within the upper range reported 
previously for ACI treatment in large cartilage defects of 
the knee.

It has been shown by various working groups that failed 
previous cartilage repair surgeries, such as microfracture, 
negatively affect clinical outcome when compared with 
ACI as a first-line treatment.47-50 This was also observed in 
the NOVOCART® Inject plus study; however, patients 
who had failed prior cartilage treatment (including 2 
patients who had failed cartilage repair twice) still benefited 
from treatment with NOVOCART® Inject plus as indicated 
by a mean KOOS change from baseline of 32.8 points and 
responder rates of 75% in KOOS and IKDC, respectively.

Semi-quantitative and quantitative assessment of the 
repair tissue by MRI-based MOCART scoring and 
T2-mapping demonstrated progressive graft maturation and 
cartilage re-organization from 12 to 24 months. This is con-
sistent with the current literature for the knee joint indicat-
ing that complete cartilage graft maturation after ACI 
requires at least 12 to 24 months.51,52

However, no correlation was observed between MRI 
data and patient-reported outcome scores which is consis-
tent with numerous systemic review and meta-analysis lit-
erature reports.53-55 Follow-up time may be an important 
parameter in this respect as many studies with a shorter 
follow-up time of 2 years or less did not find any correla-
tions between MRI parameters and clinical outcome,56-58 
whereas such correlations were observed in longer term 
studies.59-61 Nonetheless, good MRI results at earlier time-
points may be predictive for long-term outcome as demon-
strated by McCarthy et al., where MRI parameters assessed 
at 12 months showed significant correlation with durable 
longer term outcomes.14

NOVOCART® Inject can be administered arthroscopi-
cally, due to the low-viscosity, injectable nature of the chon-
drocyte-loaded biomaterial. These properties also result in 
filling of the smallest defect niches, promoting a homoge-
neous cell distribution and good ingrowth of regenerated 
tissue into the defect bed. The adhesive properties of the 
hydrogel alleviate the need for additional fixation of the 
implant making it suitable for difficult-to-reach locations, 
for example, tibia plateau or in the hip as well as avoiding 
deleterious effects of suture fixation.62

An extension of the MRI data in our study using gray-
level co-occurrence matrix (GLCM) texture analyses of T2 
quantitative maps did show that while cartilage tissue adja-
cent to the repair site is negatively affected by a lesion, 
treatment with NOVOCART® Inject improved the texture 
to approximate healthy tissue over time along with matura-
tion of the cartilage implant (Jancova et  al. unpublished 

results). A suitable M-ACI product therefore does not treat 
cartilage defects in isolation but leads to overall improve-
ment of the joint environment in the sense of OA 
prevention.

The short cross-linking time of 1 to 3 minutes and the 
minimally invasive applicability without additional implant 
fixation also significantly reduce the cut-to-suture time for 
product implantation. Detrimental structural, biochemical, 
and metabolic changes of human articular cartilage as well 
as a significantly increased risk of adverse events (surgical-
site infection, sepsis, extended length of hospital stay, and 
readmission) have been correlated with increased operative 
times.62,63 As shown in the present study, NOVOCART® 
Inject implantation requires a mean cut-to-suture time of 
39.6 minutes in patients without concomitant surgeries with 
even shorter times reported elsewhere.64 No corresponding 
data on surgery duration have been published for other ACI 
products. However, for Spherox®, the spheroids alone need 
about 20 minutes to attach to the subchondral bone plate of 
the cartilage defect before the wound can be closed (based 
on the summary of product characteristics).

In about half of the patients in this study, graft implanta-
tion was performed by mini-arthrotomy, due most likely to 
surgeons’ preferences based on similarities of incision 
lengths and a better view of the surgical site. While the 
choice of the access procedure (arthroscopic vs. mini-
arthrotomy) does not play a major role in terms of the effi-
cacy and safety outcomes, open knee surgeries for ACI are 
associated with longer hospitalization and a higher compli-
cation rate.65,66

The safety profile of NOVOCART® Inject plus observed 
in the phase III study was consistent with the established 
safety experience from published studies with other M-ACI 
products where arthralgia, joint effusion, and joint swelling 
represented the most commonly reported treatment-related 
adverse events.45,46,57 Most of these events were attributed 
to the respective surgical procedure and occurred within the 
first year post treatment, while late events were rare. Two 
reoperations, one of which involved the graft and was con-
sidered a transplant failure, were performed to address com-
plications in connection with M-ACI treatment. Overall, no 
safety concerns were identified from the phase III trial, and 
the safety profile for treatment with NOVOCART® Inject 
plus is considered favorable.

Limitations

The lack of a control group is certainly a limitation of this 
study; however, a suitable control group was not available 
at the time of study initiation. Based on current evidence, an 
indication for ACI is given for symptomatic cartilage 
defects starting from defect sizes of more than 2 to 4 cm2, 
while microfracture and mosaicplasty are still considered a 
treatment option for smaller defects.4,13 In particular, lesions 
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> 4 cm2 should not be treated with bone marrow stimulat-
ing techniques or autologous osteochondral grafting. 
Therefore, microfracture or mosaicplasty would not have 
been appropriate comparators for the present trial targeting 
patients with mid-size to large articular cartilage defects 
due to ethical concerns as agreed with the European 
Medicines Agency during scientific advice. The only alter-
native would have been another ACI product; however, at 
the time of study initiation, no authorized ACI products 
were available in Europe that could have served as com-
parator for NOVOCART® Inject plus in a controlled study 
and therefore a single-arm design was chosen.

Conclusions

Overall, M-ACI with NOVOCART® Inject plus in the 
present phase III trial has been shown to be a safe and effec-
tive treatment option for patients with large cartilage defects 
in the knee as demonstrated by clear and consistent results 
across all investigated efficacy variables at 2 years of fol-
low-up: Statistically significant and clinically meaningful 
improvements in clinical parameters from the pre-operative 
status were achieved as early as 3 months after treatment 
(first time point measured) and were maintained through 
Month 24. The primary study endpoint was met in a confir-
matory manner from Month 3 onward to Month 24. Parallel 
to the clinical improvements, the MRI analyses were also 
consistent with an increasing maturation, re-organization, 
and integration of the repair tissue.
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