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Key statement

Research question

The aim of the present investigation is the benefit assessment of the method of autologous
chondrocyte implantation (with a periosteal flap, collagen-covered, matrix-induced) compared
with standard treatment in adult patients with a specific symptomatic cartilage defect of the
knee without advanced osteoarthritis. The focus of the assessment was on patient-relevant
outcomes.

Conclusion

When all 3 procedures of autologous chondrocyte implantation are considered together (matrix-
induced [M-ACI], collagen-covered [ACI-C], with a periosteal flap [ ACI-P]), the data provide
no hint of benefit or harm versus standard treatment for any of the outcomes. At the medium-
term time of analysis (11 to 24 months), heterogeneity between ACI procedures was evident
for a large proportion of results, so each was considered separately

In the 7 studies comparing M-ACI with standard treatments, beneficial effects in favour of M-
ACI were shown for the outcomes of function and health-related quality of life. Although the
effects do not reach a clinically relevant magnitude, together with a qualitative examination of
all other outcomes it can be assumed that M-ACI has a benefit at least comparable to that of
current standard treatments.

Within each of the 2 studies comparing ACI-C and ACI-P with standard treatments, 1 study
showed a statistically significant effect in favour of ACI-C for 1 outcome (treatment failure).
However, no data on the harm of ACI-C are available from the studies, and all other outcomes
on both ACI procedures show partly numerically inconsistent results. Therefore, the data
provide no hint of a benefit or harm of ACI-C and ACI-P, and it cannot be estimated with
sufficient certainty whether there is a benefit comparable to that of standard treatment.

The results of the 3 studies comparing the ACI procedures in pairs do not contradict the
assessment presented above.
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1 Background

Autologous chondrocyte implantation (ACI) is a 2-step surgical procedure for the treatment of
symptomatic isolated cartilage defects in the knee in adults. Depending on activity level and
age, the procedure is used from a cartilage defect size of 2.5 cm? upwards [1]. In young active
adults, a cartilage defect is usually caused by a sports injury [2]. The classification system of
the International Cartilage Repair Society (ICRS) comprises 4 grades of severity and is
routinely used to determine the grade of severity of a cartilage defect [3]. The ACI is indicated
for grades 3 and 4 and thus includes cartilage defects that affect more than 50% of the cartilage
depth, as well as defects extending into the underlying bone. An advanced degenerative joint
disease is the most important contraindication [1]. ACI has been used for over 30 years and
been further developed and modified over time [4].

In ACI, cartilage is removed during an initial operation and the cartilage cells are isolated and
cultivated in a laboratory. These cartilage cells are then reimplanted into the defect. The method
can basically be classified into 3 procedures, which differ in the approach for the reimplantation
of the cultivated cells into the cartilage defect area [5]. These 3 procedures are all subject of the
benefit assessment.

In first-generation ACI, ACI with a periosteal flap (ACI-P), the cultivated cartilage cells are
reimplanted into the cartilage defect area in the form of a cell suspension and covered using the
patient’s periosteum. In second-generation ACI, a collagen cover (collagen-covered ACI, ACI-
C) replaces the periosteal flap. In both procedures, the cover must be fixed with seams and a
watertight sealing. The latest development (third generation) is the matrix-induced ACI (M-
ACI). The cultivated cartilage cells are directly fixed on a carrier matrix and reimplanted into
the cartilage defect area [4]. In M-ACI, there are different procedures with regard to the
structure of the matrix and the selection of cartilage cells [5].

In 2007, about 800 cases were billed for M-ACI in Germany according to the OPS?. In the
following years, the number of cases rose steadily to more than 2700 cases in 2015. In 2005,
more than 650 cases were billed for the two older procedures ACI-P and ACI-C according to
the OPS. In 2015, however, only around 120 of these operations were billed [6].

Cartilage tissue has only a very limited regenerative capacity and a cartilage defect represents
a risk factor for the development of osteoarthritis. Conservative treatment methods such as
physiotherapy have not yet been shown to affect the course of disease. Most cases, especially
larger cartilage defects, are therefore regarded as an indication for surgical cartilage therapy

[7].

Other surgical treatment options for cartilage defects on the knee include methods that stimulate
the bone marrow (microfracturing [MF], abrasion arthroplasty, and drilling techniques) and —

2 Operationen- und Prozedurenschliissel (Operating and Procedure Code)
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in addition to ACI — other transplantation methods (osteochondral transplantation [OCT],
osteochondral autologous transplantation system [OATS], and mosaicplasty [MP]) [1]. ACI is
an established procedure in German health care. Nevertheless, only the above-mentioned
surgical treatment options are referred to as standard treatment in this report, as this term
corresponds to the original name in the G-BA commission for the comparator therapy.

Institute for Quality and Efficiency in Health Care (IQWiG) -2-
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2 Research question

The aim of the present investigation is

= the benefit assessment of the method of autologous chondrocyte implantation (with a
periosteal flap, collagen-covered, matrix-induced) compared with standard treatment

in adult patients with a specific symptomatic cartilage defect of the knee without advanced
osteoarthritis. The focus of the assessment was on patient-relevant outcomes.

Institute for Quality and Efficiency in Health Care (IQWiG) -3-
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3 Methods

The target population for the benefit assessment were adult patients with a specific symptomatic
cartilage defect of the knee without advanced osteoarthritis. The test intervention was ACI in
the knee (with a periosteal flap, collagen-covered, matrix-induced). The control interventions
were all interventional standard treatments.

The following patient-relevant outcomes were considered in the investigation:

* mortality

* morbidity (e.g. renewed surgery, pain, avoidance of osteoarthritis and joint replacement,
knee function, movement range, activity level)

= health-related quality of life

= adverse events

Only randomized controlled trials (RCTs) with a follow-up period of at least 6 months were
included in the benefit assessment.

To prepare for the comprehensive information retrieval, a search for systematic reviews was
conducted in MEDLINE and the Cochrane Database of Systematic Reviews as well as on the
websites of the National Institute for Health and Care Excellence (NICE) and the Agency for
Healthcare Research and Quality (AHRQ). The search was restricted to articles published from
January 2014 onwards. A systematic search for primary studies was conducted in MEDLINE,
Embase, and the Cochrane Central Register of Controlled Trials.

In addition, the following information sources and search techniques were considered: study
registries, enquiries to manufacturers, publicly accessible documents of regulatory authorities,
documents transferred by the G-BA, reference lists, and documents and enquiries to authors
provided in hearing procedures.

The selection of relevant studies within the framework of comprehensive information retrieval
was conducted by 3 persons independently of one another. The results of study selection were
summarized after the assessment of full texts. Data were extracted into standardized tables. To
evaluate the qualitative certainty of results, criteria across outcomes and outcome-specific
criteria for the risk of bias were rated and, in each case, classified as low or high. The results of
individual studies were organized and described according to outcomes.

In addition to the comparison of the results of individual studies, meta-analyses and sensitivity
analyses were performed and effect modifiers investigated, provided the methodological
preconditions were fulfilled. A concluding summarizing assessment was always performed.

For each outcome, a conclusion on the evidence base of the (greater) benefit and (greater) harm
was drawn in 4 levels with regard to the respective certainty of the conclusion: The data

Institute for Quality and Efficiency in Health Care (IQWiG) -4 -
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provided either “proof” (highest certainty of conclusions), an “indication” (medium certainty
of conclusions), a “hint” (weakest certainty of conclusions), or none of these 3 situations
applied. The latter was the case if no data were available or the data available did not allow any
of the other 3 conclusions to be drawn. In this case, the following conclusion was drawn: “the
data provide no hint of (greater) benefit or (greater) harm”.

The ACI procedures were initially examined across procedures. For all outcomes, a stratified
meta-analytical presentation was displayed according to the ACI procedure (matrix-induced,
collagen-covered, with a periosteal flap), independently of the heterogeneity observed between
the ACI procedures. If the results indicated that the benefit of individual ACI procedures
differed, the study pools of the individual procedures were evaluated separately and studies
comparing the procedures with each other were also examined.

For all outcomes, the evaluable data were extracted for the short-term (3 months), medium-term
(18 to 24 months) and long-term (60 months) time of analysis. If data on an outcome were only
available at 11, 12 or 36 months, they were assigned to the medium-term time of analysis. If
several data were available within the time of analysis categories, they were only to be presented
if there was a relevant difference in results. This was not the case in the present assessment.
Results on very long follow-up periods (10 and 15 years) were available for the outcome of
treatment failure and were analysed for the report.

Institute for Quality and Efficiency in Health Care (IQWiG) -5-
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4 Results

4.1 Results of information retrieval

Information retrieval identified 16 RCTs as relevant for the research question of the present
benefit assessment (Table 1).

Table 1: Study pool of the benefit assessment

Study Available documents
Full publications (in Registry entry / Results Study report from
scientific journals) report from study manufacturer documents
registries (not publicly accessible)
Comparison ACI versus standard treatment
Basad 2004 yes [10,25] no / no no
Bentley 2003 | yes [17,26] no / no no
Clavé 2016 yes [11] yes [27] / no no
cod16HS13 yes [12,28] yes [29-31] / no yes [32]
Crawford yes [13,33] yes [34] / no no
2012
Dozin 2012* | yes [8] no / no no
Fossum 2019 | yes [18] yes [35]/no no
Knutsen 2004 | yes [19,36-38] no / no no
Lim 2012* yes [9] no / no no
MACI00206 | yes [14,39] yes [40,41] / yes [42,43] no
yes® [44] yes® [45,46] / yes® [47,48] no
TIGACTO1 yes [20,49-51] yes [52] / yes [53] no
Visna 2004 yes [15] no no
Yoon 2020 yes [16] yes [54,55] / no no
Comparison ACI versus ACI
Bartlett 2005 | yes [21] no no
Gooding yes [22] no no
2006
Zeifang 2010 | yes [23] no no
a. No consideration of outcomes for the assessment because it is based on less than 70% of the data from the
patients to be included in the analysis.
b. Extension study.
ACI: autologous chondrocyte implantation

Two studies (Dozin 2005 und Lim 2012 [8,9]) were included as they fulfilled all inclusion
criteria; however, they did not provide evaluable results for any patient-relevant outcome. The
study pool thus contained a total of 14 studies reporting evaluable data on patient-relevant
outcomes.

Institute for Quality and Efficiency in Health Care (IQWiG) -6-
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A total of 11 studies compared ACI and standard treatment. The corresponding results are
presented in the following Sections 4.2 to 4.5. The characteristics and results of the 3 studies
comparing different ACI variants are presented in Section 4.6.

Seven ongoing studies were identified. Furthermore, 3 studies with an unclear status, as well as
2 discontinued and 1 completed study without reported results, were identified.

The search strategies for bibliographic databases and study registries are included in
Appendix A. The last comprehensive search was conducted on 15 October 2019 and the
focussed update search was conducted on 18 June 2020.

One study included without reported results [24] investigated M-ACI versus standard treatment
with a total of 48 randomized patients. The study had been completed more than 2 years before
the present report was prepared (see also Chapter 5).

4.2 Characteristics of the studies included in the assessment (ACI versus standard
treatment)

The 11 RCTs comparing ACI and standard treatment and reporting evaluable results for the
benefit assessment provided data on about 800 patients. The studies were mainly conducted in
Europe. These 2-arm studies randomized between 30 and 144 patients and were conducted
between 1999 and 2018 (except for 1 study, where results are expected later). The follow-up
period was between 11 months and 15 years. The studies included patients aged 16 to 65 with
cartilage defect sizes between 1 und 10 cm?. In nearly all studies, the majority of participants
were men. All studies investigated the treatment of cartilage defects with the ICRS or
Outerbridge grades of severity 3 and 4. All studies referred to the inpatient health care sector.

4.3 Overview of patient-relevant outcomes (ACI versus standard treatment)

Data on patient-relevant outcomes were extracted from 11 studies.

Table 2 shows the overview of patient-relevant outcomes from the studies with evaluable results
on the comparison of ACI versus standard treatment.

Institute for Quality and Efficiency in Health Care (IQWiG) -7 -
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Table 2: Matrix of patient-relevant outcomes on the comparison of ACI versus standard

3 November 2020

treatment
Study Outcomes
Mortality Morbidity QoL
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M-ACI versus standard treatment
Basad 2004 — — — — ° ° ° — _ _
Clavé 2016 - - — — — ° — — — —
cod16HS13 ° ° ° ° ° ° ° ° ° °
Crawford — ° X X X ° ° ° — X
2012
MACI00206 ° ° . ° . ° ° . ° °
Visna 2004 - — — — ob ° _ _ _ _
Yoon 2020 - ° ° ° ° ° - - — °
ACI-C versus standard treatment
Bentley 2003 - - - - - . - - ° —
Fossum 2019 — ° ° ° . ° - - . °
ACI-P versus standard treatment
Knutsen 2004 — ° — — ° ° — - ° °
TIGACTO1 — ° ° ° X — ° ° ° °

adverse event

e: Data were reported and were evaluable.

o: Data were reported, but were not evaluable for the benefit assessment.

x: Data were not reported, despite the fact that data collection was planned.

—: No data were reported (no further information). / The outcome was not recorded.
a. Treatment failure was defined by a validated patient questionnaire or the need for reintervention.
b. The proportion of patients who were not included in the analysis is greater than 30%.

AE: adverse event; ACI: autologous chondrocyte implantation; ACI-C: collagen-covered autologous
chondrocyte implantation; ACI-P: autologous chondrocyte implantation with a periosteal flap; M-ACI:
matrix-induced autologous chondrocyte implantation; QoL: health-related quality of life; SAE: serious

4.4 Assessment of the risk of bias of results (ACI versus standard treatment)

The risk of bias across outcomes of the results on the comparison of ACI versus standard
treatment was rated as high for 7 studies (Basad 2004, Crawford 2012, Visna 2004, Yoon 2020,

Institute for Quality and Efficiency in Health Care (IQWiG)
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Bentley 2003, Fossum 2019, Knutsen 2004). This was due to the inadequate description of
allocation concealment and, in part, possible concurrent selective outcome reporting.

For the 4 studies with a low risk of bias across outcomes (Clavé 2016, codl6HS13,
MACI00206, TIGACTO1), the outcome-specific risk of bias of the results was assessed. In the
remaining 7 studies, the high risk of bias across outcomes translated directly into a high
outcome-specific risk of bias of the results.

For the studies Clavé 2016, cod16HS13, MACI00206, and TIGACTO1, a high outcome-
specific risk of bias was found for all outcomes assessed by questionnaire (pain, symptoms,
activities of daily living, function, algofunctional global score, and health-related quality of life)
due to the open study design and a partial violation of the intention-to-treat (ITT) principle.

For the cod16HS13 study, the risk of bias for the outcomes of serious adverse events (SAEs),
discontinuation due to adverse events (AEs), and treatment failure was rated as high for all
times of analyses due to unclear implementation of the ITT principle.

For the MACI00206 study, the risk of bias was low for the outcome of SAEs. For the outcome
of discontinuation due to AEs, the risk of bias was rated as high, as it was unclear whether some
of the discontinuations were also due to non-serious AEs. Thus, there is a risk of bias due to
subjective reasons for discontinuation in the context of the open study design. For the outcome
of treatment failure, the risk of bias was rated as high, as the assessment of treatment failure
and the need for re-intervention were subjective in the context of the open study design.

For the TIGACTO1 study, the risk of bias was high for the outcome of SAEs due to the violation
of the ITT principle. For the outcome of discontinuation due to AEs, the risk of bias was rated
as high, as it was unclear whether some of the discontinuations were also due to non-serious
AEs. Thus, there is a risk of bias due to subjective reasons for discontinuation in the context of
the open study design. For the outcome of treatment failure, there was a high risk of bias, as the
assessment of treatment failure and the need for re-intervention were subjective in the context
of the open study design.

The risk of bias for the outcome of mortality was not assessed due to only 1 death in 1 treatment
arm of a study.

4.5 Results on patient-relevant outcomes (ACI versus standard treatment)

4.5.1 Results on mortality

Overall, for the outcome of mortality, data were available from only 2 of the 11 studies. In the
MACI00206 study (N = 144), no deaths occurred at 24 months. In the cod16HS13 study (N =
102), there was 1 death in the control group (n = 50) at 36 months.

Thus, for the outcome of mortality, the data provide no hint of a benefit or harm of ACI versus
standard treatment.

Institute for Quality and Efficiency in Health Care (IQWiG) -9-
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4.5.2 Results on pain

Overall, for the outcome of pain, data with a moderate certainty of results were available from
7 studies on the Knee Injury and Osteoarthritis Outcome Score (KOOS) subscale “pain” and
the visual analogue scale (VAS).

For M-ACI, data were available from 2 studies at the short-term, 4 studies at the medium-term,
and 1 study at the long-term time of analysis. For ACI-C, data from 1 study were available for
the medium-term time of analysis. For ACI-P, data were available from 2 studies for the
medium- and long-term times of analysis.

When the meta-analyses across procedures were examined, no statistically significant effect
could be shown at any time of analysis.

For the medium-term time of analysis, there was a statistically significant interaction between
the ACI procedures (p = 0.013). Although the contrasting location of the effect estimates
suggests that the effect of M-ACI differs from that of the other procedures, no hint of an effect
could be derived for any of the procedures.

For the long-term time of analysis, there was no statistically significant interaction between the
ACI procedures (p =0.513). If the procedures would nevertheless be examined separately, there
would be no hint of an effect here either.

Overall, for the outcome of pain, the data provide no hint of a benefit or harm of ACI procedures
versus standard treatment.

4.5.3 Results on symptoms

Overall, for the outcome of symptoms, data with a moderate qualitative certainty of results were
available from 5 studies on the KOOS subscale “symptoms”.

For M-ACI, data were available from 1 study at the short-term, 3 studies at the medium-term,
and 1 study at the long-term time of analysis. For ACI-C, data from 1 study were available at
the medium-term time of analysis; for ACI-P, data from 1 study were available at the medium-
term and long-term times of analysis.

No hint of an effect could be derived from either the examination of the single study at the
short-term time of analysis or the meta-analyses across procedures at the medium- and long-
term times of analysis.

At the medium-term time of analysis, there was a statistically significant interaction between
the ACI procedures (p = 0.033). Although the contrasting location of the effect estimates
suggests that the effect of M-ACI differs from that of the other procedures, no hint of an effect
could be derived for any of the procedures.
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At the long-term time of analysis, there was no statistically significant interaction between the
ACI procedures (p = 0.889). If both procedures were nevertheless examined separately, there
was no hint of an effect.

Overall, for the outcome of symptoms, the data provide no hint of a benefit or harm of ACI
procedures versus standard treatment.

4.5.4 Results on activities of daily living

Overall, for the outcome of activities of daily living, data with a moderate qualitative certainty
of results were available from 5 studies on the KOOS subscale “activities of daily living”.

For the M-ACI, data were available from 1 study at the short-term, 3 studies at the medium-
term, and 1 study at the long-term time of analysis. For the ACI-C, data from 1 study were
available for the medium-term time of analysis. For ACI-P, data were available from 1 study at
the medium- and long-term times of analysis.

No hint of an effect could be derived from either the examination of the single study at the
short-term time of analysis or the meta-analysis across procedures at the long-term time of
analysis. Results at the medium-term time of analysis showed relevant heterogeneity between
studies across procedures (p = 0.006). Therefore, no overall meta-analysis estimate was
calculated. No hint of an effect could be derived from a qualitative analysis either.

For the medium-term time of analysis, there was a statistically significant interaction between
the ACI procedures (p = 0.016). However, no hint of an effect could be derived for the
individual procedures. For the long-term time of analysis, there was no statistically significant
interaction between the ACI procedures (p = 0.802). If the procedures would nevertheless be
examined separately, there would be no hint of an effect here either.

Overall, for the outcome of activities of daily living, the data provide no hint of a benefit or
harm of any of the ACI procedures versus standard treatment.

4.5.5 Results on function

For the outcome of function, data with a moderate qualitative certainty of results were available
from 6 studies, collected with the KOOS subscale “physical activity” and the Tegner score.

For M-ACI, data were available from 1 study at the short-term, 4 studies at the medium-term,
and 1 study at the long-term time of analysis. Data from 1 study each were available for the
medium-term time of analysis (for ACI-C) and for the long-term time of analysis (for ACI-P).

When examining the single study at the short-term time of analysis, no hint an effect could be
derived. For the medium- and long-term time of analysis, Hedges’ g was used as the effect
estimate, as scales with different levels of measurement were used in the studies to determine
this outcome (Tegner score and KOOS subscale “physical activity”). In the analysis across
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procedures at the medium-term time of analysis, no overall estimator was presented due to
relevant heterogeneity between the studies (p = 0.034). No hint of an effect could be derived
from a qualitative analysis either. In the meta-analysis across procedures at the long-term time
of analysis, no hint of an effect could be derived either.

The results for the medium-term time of analysis showed relevant heterogeneity between the
procedures (p = 0.004). The study on ACI-C showed no statistically significant difference. The
meta-analysis of the 4 studies on the M-ACI procedure showed a statistically significant effect
(p = 0.015) in favour of the intervention. However, the threshold for clinical relevance (0.2) is
within the confidence interval (CI) of the pooled effect (Hedges’ g: 0.46; 95% CI: [0.17; 0.76]).
Thus, the effect for M-ACI does not reach a clinically relevant magnitude.

Overall, for the outcome of function, the data provide no hint of a benefit or harm of any of the
ACI procedures versus standard treatment.

4.5.6 Results on the algofunctional global score

Questionnaires representing multiple domains such as function, pain and symptoms in a total
score were assigned to the outcome referred to in this report as the “algofunctional global
score”.

For the outcome “algofunctional global score”, data with a moderate qualitative certainty of
results were available from 10 studies.

A total of 9 studies reported, among others, results on mean differences in the International
Knee Documentation Committee (IKDC) Subjective Knee Form and the Lysholm score. For
M-ACI, data were available from 4 studies at the short-term, 7 studies at the medium-term, and
1 study at the long-term time of analysis. For ACI-C, data were available from 1 study for the
medium-term time of analysis; for ACI-P, data were available from 1 study each for the
medium- and long-term times of analysis.

In the meta-analyses across procedures of the results on mean differences, no hint of an effect
could be derived for any of the times of analysis.

For the medium-term time of analysis, there was no statistically significant interaction between
the ACI procedures (p = 0.106). Nevertheless, when examined separately, there was significant
heterogeneity (p = 0.002) within the M-ACI studies. There was no hint of an effect for any of
the procedures. In a sensitivity analysis of the studies comparing M-ACI with MF, there was
no statistically significant difference between the groups either. For the long-term time of
analysis, there was no statistically significant interaction between the ACI procedures (p =
0.148). If the procedures would nevertheless be examined separately, there would be no hint
of an effect here either.

Three studies reported results from responder analyses at medium- and long-term times of
analysis, defined by change thresholds or target scores of the following scales applied: KOOS
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(2 subscales: “pain” and “sport and recreation function”), IKDC Subjective Knee Form, and the
modified Cincinnati Rating System.

The meta-analytic summary across procedures of the 3 studies at the medium-term time of
analysis showed a statistically significant effect in favour of the ACI procedures (odds ratio
[OR]: 3.01; 95% CI: [1.56; 5.82]; p-value: 0.019). However, corresponding responder analyses
providing results based on the mean difference are missing for 6 of the studies. This also
includes the Clavé 2016 study, which showed a statistically significant effect in favour of
standard treatment (mosaicplasty). As the study pool is thus incomplete compared to the study
pool with mean differences, these results cannot be used. The only study for the long-term time
of analysis (MACI00206) showed no statistically significant effect.

Overall, for the outcome “algofunctional global score”, the data provide no hint of a benefit or
harm of ACI procedures versus standard treatment.

4.5.7 Results on SAEs

For the outcome of SAEs, data were available from 5 studies, of which 1 study had high and 4
studies had a moderate qualitative certainty of results. The study with a high qualitative
certainty of results did not show a statistically significant effect and was therefore not examined
separately.

For M-ACI, data from 4 studies were available at the medium-term time of analysis; for ACI-
P, data from 1 study were available at the medium- and long-term times of analysis.

When examining the meta-analysis across procedures, no statistically significant effect could
be shown for the medium-term time of analysis. There was no statistically significant
interaction between the ACI procedures (p = 0.778). If the procedures would nevertheless be
examined separately, there would be no hint of an effect here either. The single study at the
long-term time of analysis showed no statistically significant effect.

Overall, for the outcome of SAEs, the data provide no hint of a benefit or harm of ACI
procedures versus standard treatment.

4.5.8 Results on discontinuation due to AEs

Overall, for the outcome of discontinuation due to AEs, data were available from 4 studies with
a moderate qualitative certainty of results.

For M-ACI, 3 studies were available and for ACI-P, 1 study was available at the medium-term
time of analysis.

No statistically significant effect could be shown in the meta-analysis across procedures. Due
to the low number of events, a separate analysis of the ACI procedures was not meaningful.
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Overall, for the outcome of discontinuation due to AEs, the data provide no hint of a benefit or
harm of ACI procedures versus standard treatment.

4.5.9 Results on treatment failure

The results on treatment failure from the studies were considered if treatment failure was
defined either by a validated questionnaire on patients’ subjective complaints or included the
need for a re-intervention.

For the outcome of treatment failure, data were available from 6 studies with a moderate
qualitative certainty of results.

For M-ACI, data were available from 2 studies at the medium-term time of analysis and from
1 study at the long-term time of analysis. For ACI-C, data were available from 1 study each at
the medium-term and long-term times of analysis. For ACI-P, data were available from 2
studies each at the medium-term and long-term times of analysis.

In the meta-analyses across procedures, no statistically significant effect could be shown for
the medium- and long-term times of analysis. For both times of analysis, there was no
statistically significant interaction between the procedures (medium-term: p =0.256; long-term:
p = 0.405). If the procedures would nevertheless be examined separately, there would be no
hint of an effect for any of the procedures.

The two studies with a particularly long follow-up, Bentley 2003 (10 years) and Knutsen 2004
(15 years), were examined separately. In the Bentley 2003 study, there was a statistically
significant effect in favour of ACI-C (OR: 0.17; 95% CI: [0.07; 0.43]; p-value: < 0.001). For
ACI-P, there was no statistically significant effect at 180 months in the Knutsen 2004 study.

Overall, for the outcome of treatment failure, the data provide no hint of a benefit or harm of
the M-ACI and ACI-P procedures versus standard treatment. For the ACI-C procedure, the data
provide a hint of a benefit for this outcome.

4.5.10 Results on health-related quality of life

Overall, for the outcome of health-related quality of life, data with a moderate qualitative
certainty of results were available from 6 studies on the KOOS subscale “quality of life” and
the physical summary score of the Health Survey Short Form 36 (SF-36).

For M-ACI, data were available from 1 study at the short-term, 3 studies at the medium-term,
and 1 study at the long-term time of analysis. For ACI-C, data from 1 study were available for
the medium-term time of analysis; for ACI-P, data from 2 studies each were available for the
medium- and long-term times of analysis.

At the short-term time of analysis, the cod16HS13 study showed a statistically significant effect
in favour of M-ACI (mean difference [MD]: 9.30; 95% CI: [1.02; 17.58]; p-value: 0.028).
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However, the threshold for clinical relevance (Hedges’g > 0.2) was within the confidence
interval of the effect (Hedges’g: 0.45; 95% CI: [0.05; 0.85]). Thus, the effect for M-ACI did
not reach a clinically relevant magnitude.

The results at the medium-term time of analysis showed relevant heterogeneity across
procedures (p = 0.026). Therefore, no overall estimator of the meta-analysis was calculated. No
hint of an effect could be derived from a qualitative analysis either. There was a statistically
significant interaction between the ACI procedures (p = 0.006). The meta-analysis of the 3
studies on the M-ACI procedure showed a statistically significant effect in favour of the
intervention (MD: 9.22; 95% CI: [1.00; 17.44]; p-value: 0.040). However, the effect did not
reach a clinically relevant magnitude, as the result on effect size using Hedges’g was not
statistically significant (Hedges’g: 0.38; 95% CI: [-0.01; 0.77]). Examined separately, the data
provide no hint of an effect at the medium-term time of analysis for the ACI-C and ACI-P
procedures.

The meta-analysis across procedures at the long-term time of analysis did not show a
statistically significant effect. There was no statistically significant interaction between the ACI
procedures (p = 0.220). If the ACI procedures would nevertheless be examined separately, there
would be no hint of an effect for either the M-ACI or the ACI-P.

Overall, for the outcome of health-related quality of life, the data provide no hint of a benefit
or harm of ACI procedures versus standard treatment.

4.5.11 Sensitivity and subgroup analyses

Sensitivity analyses

For continuous outcomes, the difference in changed values was evaluated in each case. If no
changed values were reported in the studies, the difference of the absolute values at the time of
analysis was considered. If both changed and absolute values were available for a study, the
difference of the absolute values at the times of analysis investigated (short-, medium- and long-
term) were evaluated in sensitivity analyses. However, these sensitivity analyses did not show
any deviating results and thus had no influence on the derivation of the evidence.

Subgroup analyses

Across studies, no subgroup analysis could be performed for any of the planned subgroup
characteristics, as the studies could not be assigned to suitable categories.

In study MACI00206, for the responder analysis (simultaneous improvement of more than 10
points in the 2 KOOS subscales “sport and recreation function” and “pain”), the type of trauma
(acute vs. non-acute trauma) was tested for interaction as a potential effect modifier. The test
for interaction regarding type of trauma showed statistical significance (p = 0.022). However,
no definition of acute trauma was provided and it remained unclear whether the analysis was
prespecified. Therefore, this result cannot be used. In addition, no other study examined the
type of trauma in terms of subgroup effects. The tests in the MACI00206 study for interaction

Institute for Quality and Efficiency in Health Care (IQWiG) -15-



Extract of final report N19-02 Version 1.1

ACI in the knee joint 3 November 2020

regarding sex, age, number of defects, previous cartilage surgery, previous surgery, symptom
duration, defect size, trauma localization, and presence of osteochondritis dissecans (OCD)
showed no statistical significance.

In the Clavé 2016 study, cartilage defect size (< 3.5 versus > 3.5 cm?) was examined as a
potential effect modifier for the outcome “algofunctional global score” using the IKDC
Subjective Knee Form. The test for interaction with respect to cartilage defect size showed no
statistical significance.

4.6 Characteristics and results of the studies comparing different ACI variants

The Bartlett 2005 (M-ACI versus ACI-C), Gooding 2006 (ACI-C versus ACI-P), and Zeifang
2010 (M-ACI versus ACI-P) studies were conducted between 1999 and 2008 in England and
Germany and randomized 91, 68, and 21 patients, respectively. The follow-up period was 1
(Bartlett 2005) and 2 years. Cartilage defect sizes between 1 and 22 cm? were treated. The health
care sector was exclusively inpatient. An assessment of the risk of bias in these studies was not
performed, as a simplified procedure was used to assess only whether their results contradicted
the overall view of the studies comparing ACI procedures with standard treatments.

Table 3 shows the summary of available data on patient-relevant outcomes from the studies
comparing ACI procedures with each other.
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Table 3: Matrix of the patient-relevant outcomes of the studies comparing different ACI
variants

Study Outcomes
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e: Data were reported and were evaluable.
o: Data were reported, but were not evaluable for the benefit assessment.
—: No data were reported (no further information). / The outcome was not recorded.

AE: adverse event; ACI: autologous chondrocyte implantation; ACI-C: collagen-covered autologous
chondrocyte implantation; ACI-P: autologous chondrocyte implantation with a periosteal flap; M-ACI:
matrix-induced autologous chondrocyte implantation; QoL: health-related quality of life; SAE: serious
adverse event

The Bartlett 2005 and Gooding 2006 studies did not show statistically significant differences
between the treatment groups for any of the patient-relevant outcomes. The same applied to the
outcome of function in the Zeifang 2010 study. However, for the outcome “algofunctional
global score”, the Zeifang 2010 study showed a statistically significant difference between
groups in favour of ACI-P versus M-ACI at 12 months based on the Lysholm score. However,
the difference did not reach a clinically relevant magnitude on the basis of testing with the
Hedges’g threshold of 0.2 and was no longer statistically significant at the 24-month time of
analysis. For the IKDC Subjective Knee Form instrument, which is also attributable to this
outcome, there was no statistically significant difference at 12 and 24 months in the same study.

4.7 Summary of results

Across procedures, the data provide no hint of a benefit or harm for the comparison of ACI
versus standard treatment for any of the outcomes. At the medium-term time of analysis,
questionnaire-based outcomes predominantly showed heterogeneity between ACI procedures,
so these were examined separately.
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M-ACI versus standard treatment

For the outcome of health-related quality of life, statistically significant effects in favour of the
M-ACI procedure versus standard treatment were shown in a single study at the short-term time
of analysis and in the meta-analysis at the medium-term time of analysis. For the outcome of
function, a statistically significant effect in favour of the M-ACI procedure was shown for the
medium-term time of analysis in the meta-analysis. However, the effects of the two outcomes
did not reach a clinically relevant magnitude.

For the outcomes of pain and symptoms, no hint of an effect could be derived for M-ACL.
However, the location of the effect estimates at the medium-term time of analysis also suggests
that the effect of the M-ACI may differ from that of the other ACI procedures. For example, in
contrast to the ACI-P and ACI-C procedures, the M-ACI procedure usually showed numerically
better results than standard treatment.

The results at other times of analysis and other outcomes of the studies on M-ACI almost
without exception point numerically in the direction of an advantage of M-ACI versus standard
treatment.

In summary, on the basis of 7 RCTs, M-ACI was found to provide a benefit at least comparable
to that of standard treatments.

ACI-C versus standard treatment

The existing evidence on ACI-C is based on 2 RCTs. The Fossum 2019 study numerically
indicates an unfavourable effect of ACI-C versus standard treatment for all outcomes except
treatment failure. The Bentley 2003 study, although recording only 2 outcomes, shows a
numerically (algofunctional global score) and a statistically significant (treatment failure)
beneficial effect of ACI-C versus standard treatment. For the outcome of treatment failure, the
data provide a hint of a benefit. No data are available on the harm from ACI-C, as neither study
reported data on SAEs and discontinuation due to AEs.

In summary, on the basis of the partly numerically inconsistent results of 2 RCTs with a
moderate certainty of results and missing data on harms, the data provide no hint of a benefit
or harm of ACI-C and it cannot be estimated with sufficient certainty whether there is a benefit
comparable to that of standard treatment.

ACI-P versus standard treatment

The available evidence on ACI-P is based on 2 RCTs. The Knutsen 2004 study numerically
indicates an unfavourable effect of ACI-P versus standard treatment for all reported outcomes,
without exception. The TIGACTO1 study has predominantly a numerically opposite result. For
instance, it shows a numerically unfavourable effect in the areas of pain, symptoms, and
activities of daily living in the medium-term. However, after a long-term follow-up, the
estimators are on the side of a numerical advantage for ACI-P versus standard treatment, as is
the case for most other outcomes.
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In summary, on the basis of the numerically inconsistent results of 2 RCTs with a moderate
certainty of results, the data provide no hint of a benefit or harm of ACI-P and it is not possible
to assess with sufficient certainty whether there is a benefit comparable to that of standard
treatment.

Comparison of different ACI variants

In the 3 RCTs investigating pairwise comparisons of ACI procedures, there is no statistically
significant difference between ACI procedures for any outcome except one. Only an interim
analysis of the algofunctional global score at the 12-month time of analysis shows a statistically
significant difference in favour of ACI-P compared with M-ACI, but this difference does not
reach a clinically relevant magnitude and is no longer statistically detectable after 24 months.

Thus, the results from the studies comparing the individual ACI procedures with each other do
not contradict the assessment of the benefit and harm of ACI presented in the 3 preceding
sections, which result from the examination of studies comparing ACI procedures with standard
treatment.

4.8 Evidence map

The following Table 4 shows the evidence map with regard to patient-relevant outcomes.
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Table 4: Evidence map in relation to patient-relevant outcomes

3 November 2020

Outcome category | Outcome ACI versus standard ACI versus ACI
treatment
Mortality Mortality () -
Morbidity Pain m M-ACI vs. ACI-C: &
Symptoms i _
Activities of daily living m -
Function mye M-AClI vs. ACI-P: &
Algofunctional global score m M-ACI vs. ACI-C: &
ACI-C vs. ACI-P: (&)
M-ACI vs. ACI-P: 11§®
Treatment failure mye M-ACI vs. ACI-C:
(=)
ACI-C vs. ACI-P: (&)
SAEs s -
Discontinuation due to AEs () -
QoL Health-related quality of life ny2 -

©: no hint, indication or proof, homogeneous result.

—: no (evaluable) data reported.

12 and 24 months.
c. For ACI-C the data provide a hint of a benefit.

(©): no hint, indication or proof, homogeneous result; the 95% confidence interval for the relative effect is so
imprecise that neither a halving nor a doubling of the effect can be excluded.
f1U: no hint, indication or proof, heterogeneous result.

a. Assumption of at least comparable benefit of M-ACI versus standard treatment (basis: effect in favour of
M-ACI, which does not reach a clinically relevant magnitude).

b. For this outcome, the Lysholm score shows a statistically significant difference between the treatment
groups in favour of ACI-P after 12 months, which does not reach a clinically relevant magnitude. At the
24-month time of analysis, this is no longer statistically significant. For the IKDC Subjective Knee Form
instrument, which was also recorded for this outcome, there was no statistically significant difference after

AE: adverse event; ACI: autologous chondrocyte implantation; ACI-C: collagen-covered autologous
chondrocyte implantation; ACI-P: autologous chondrocyte implantation with a periosteal flap; IKDC:
International Knee Documentation Committee; M-ACI: matrix-induced autologous chondrocyte implantation;
QoL: health-related quality of life; SAE: serious adverse event

5 Classification of the assessment result

Publication bias

The available information indicates that publication bias is unlikely, as only a negligible amount
of data are missing. With the results of 48 individuals from the 017-05-INR study [24], a

maximum of 6% of the available data are missing.

Availability of ACI with a periosteal flap and collagen-covered ACI in Germany

ACI products are biotechnologically modified tissue products and belong to the group of
Advanced Therapeutical Medicinal Products (ATMPs). For market access on a European level,
ATMPs have to undergo a centralized approval procedure according to Regulation (EC) No.
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1394/2007 [56]. An exemption regarding the centralized approval requirement exists for
ATMPs if the prerequisites according to Section 4b (3) of the German Medicines Act
(Arzneimittelgesetz, AMG) are fulfilled. ATMPs are then approved at the national level if, for
example, the manufacturer conducts approval studies for the European approval procedure
[57,58].

At the time of reporting, only the matrix-induced ACI product from the manufacturer CO.DON
used in the included study cod16HS13 has a valid central European approval. Also, all
nationally approved ACI products can only be assigned to the matrix-associated ACI variant
[59].

An authorization according to §4b (3) AMG is only required if ATMPs are dispensed to others
and the actual power of disposal of the drug changes. In any case, however, a manufacturing
permit according to §13 (1) AMG is also always required [57,58].

It is currently unknown whether ATMPs or cell suspensions not requiring a permit are
processed for use of the older ACI variants (with a periosteal flap and collagen covered) within
a health care facility and applied in an ACI intervention. Several comments on the report plan
express the view that both variants are no longer of practical relevance in German health care.

Possible potential of ACI with a periosteal flap and collagen-covered ACI

Based on the results of 2 RCTs each on ACI-P and ACI-C versus standard treatment, no benefit
was apparent, nor could a comparable benefit be established with sufficient certainty. Except
for a statistically significant beneficial effect (treatment failure) in 1 study in favour of ACI-C,
the RCTs showed only numerically inconsistent results for both procedures (see Section 4.7).
In contrast, on the basis of the 7 available RCTs, it can be assumed that the M-ACI procedure
has a benefit at least comparable to that of standard treatment.

According to several comments on the report plan and preliminary report, M-ACI represents an
established therapeutic procedure for large cartilage defects. Since this procedure was
determined in this report to have at least comparable benefit to alternative therapies, it will be
considered as a component of existing therapeutic options in the assessment of the potential of
ACI-C and ACI-P that now follows.

According to the G-BA’s rules of procedure: “[...] the potential of a required treatment
alternative [...] can arise, for example, if it is associated with the expectation, on the basis of its
principle of action and the evidence available to date, that other methods that are more costly,
more invasive for the patient or cannot be used successfully in certain patients can be replaced,
the method has fewer side effects, it represents an optimization of the treatment or the method
can enable more effective treatment in some other way. For assessments according to §137c
SGB V, the lack of potential arises in particular when the G-BA positively determines that it is
harmful or ineffective on the basis of the available evidence” [60].
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When evaluating the potential of the ACI-C and ACI-P procedures, technical advantages of the
M-ACI over the older procedures are of crucial importance.

According to the German Society for Orthopaedics and Trauma Surgery (DGOU) [1], M-ACI
has the advantage over ACI-P and ACI-C in that it does not require a watertight seal of the
membrane or periosteum cover under which the cultured chondrocytes are injected. Removal
of periosteum is also not required. In the M-ACI products with current approval or national
permit, the chondrocytes are implanted into the defect area in a single step in combination with
a carrier matrix. Due to the omission of a membrane cover, M-ACI can in principle also be
applied to incompletely demarcated cartilage defect areas. Marlovits 2006 [4] states that this
simplifies the surgical procedure and requires a less invasive approach.

Due to the technical advantages of M-ACI noted above, ACI-C and ACI-P are not expected to
provide a treatment that is less elaborate or invasive, that can be used more successfully in
certain patients, that has fewer side effects, or that provides an optimized and more effective
treatment. Therefore, the two ACI procedures do not meet the decisive criteria for the potential
of a required treatment method under the G-BA’s rules of procedure. This assessment is
supported by the fact that, according to comments on the report plan and preliminary report,
ACI-C and ACI-P no longer have any relevance in practice in the provision of health care in
Germany.

In summary, based on the available results of the total of 14 RCTs, as well as considerations of
technical advantages of M-ACI and lack of relevance in practice for ACI-C and ACI-P, no
potential of a required treatment alternative can be derived.

6 Conclusion

When all 3 procedures of autologous chondrocyte implantation are considered together (matrix-
induced [M-ACI], collagen-covered [ACI-C], with a periosteal flap [ACI-P]), the data provide
no hint of benefit or harm versus standard treatment for any of the outcomes. At the medium-
term time of analysis (11 to 24 months), heterogeneity between ACI procedures was evident
for a large proportion of results, so each was considered separately.

In the 7 studies comparing M-ACI with standard treatments, beneficial effects in favour of M-
ACI were shown for the outcomes of function and health-related quality of life. Although the
effects do not reach a clinically relevant magnitude, together with a qualitative examination of
all other outcomes it can be assumed that M-ACI has a benefit at least comparable to that of
current standard treatments.

Within each of the 2 studies comparing ACI-C and ACI-P with standard treatments, 1 study
showed a statistically significant effect in favour of ACI-C for 1 outcome (treatment failure).
However, no data on the harm of ACI-C are available from the studies, and all other outcomes
on both ACI procedures show partly numerically inconsistent results. Therefore, the data
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provide no hint of a benefit or harm of ACI-C and ACI-P, and it cannot be estimated with
sufficient certainty whether there is a benefit comparable to that of standard treatment.

The results of the 3 studies comparing the ACI procedures in pairs do not contradict the
assessment presented above.
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Appendix A — Search strategies
A.1 — Searches in bibliographic databases

Al.1.1 Systematic reviews

1. MEDLINE
Search interface: Ovid
= QOvid MEDLINE(R) ALL 1946 to July 08, 2019

The following filter was adopted:

= Systematic review: Wong [61] — High specificity strategy

3 November 2020

Searches

chondrocytes/tr

tissue engineering/ and cartilage*.hw.

((chondro* or cartilage®) adj3 (implantation* or transplantation*)).ti,ab.

maci.ti,ab.

or/1-4

cochrane database of systematic reviews.jn.

(search or medline or systematic review).tw.

meta analysis.pt.

O |0 | ||| |W|N|—|FH

or/6-8

—_
(=]

9 not (exp animals/ not humans.sh.)

—_—
—_—

and/5,10

—_
[\S}

11 and (english or german).lg.

—
w

.1/ 12 yr=2014-Current

2. The Cochrane Library
Search interface: Wiley

= Cochrane Database of Systematic Reviews Issue 7 of 12, July 2019

ID Search

#1 [mh ~chondrocytes/tr]

#2 [mh ~"tissue engineering"] and cartilage®:kw

#3 ((chondro* or cartilage*) near/3 (implantation* or transplantation*)):ti,ab
#4 maci:ti,ab

#5 #1 or #2 or #3 or #4

Protocols

#6 #5 with Cochrane Library publication date from Jan 2014 to present, in Cochrane Reviews, Cochrane
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Al.1.2 Primary studies
1. MEDLINE

Search interface: Ovid
= Ovid MEDLINE(R) 1946 to September Week 1 2019

= Ovid MEDLINE(R) Daily Update September 16, 2019
The following filter was adopted:

» RCT: Lefebvre [62] — Cochrane Highly Sensitive Search Strategy for identifying
randomized trials in MEDLINE: sensitivity-maximizing version (2008 revision)

Searches

chondrocytes/tr

tissue engineering/ and cartilage*.hw.

((chondro* or cartilage*) adj3 (implantation*® or transplantation®*)).ti,ab.

maci.ti,ab.
or/1-4

randomized controlled trial.pt.

controlled clinical trial.pt.

(randomized or placebo or randomly or trial or groups).ab.

O |0 | ||| |W|IN|—|FH

drug therapy.fs.

or/6-9

10 not (exp animals/ not humans.sh.)
and/5,11

12 not (comment or editorial).pt.

—_
(=]

—_—
—_—

—_
[\S}

—
w

—
~

13 and (english or german).lg.

Search interface: Ovid

= Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 1946 to September 17,
2019

* Ovid MEDLINE(R) Epub Ahead of Print September 17, 2019

# Searches

1 ((chondro* or cartilage*) and (implantation* or transplantation*)).ti,ab.
2 maci.ti,ab.

3 or/1-2

4 (clinical trial* or random* or placebo).ti,ab.

5 trial.ti.

6 or/4-5

7 and/3,6
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Searches

7 not (comment or editorial).pt.

8 and (english or german).Ig.

2. Embase

Search interface: Ovid

Embase 1974 to 2019 September 18

The following filter was adopted:

RCT: Wong [61] — Strategy minimizing difference between sensitivity and specificity

# Searches
1 (chondrocyte* or cartilage®).hw.
2 (implant* or transplantation*® or autotransplantation®).hw. or tissue scaffold/
3 and/1-2
4 ((chondro* or cartilage*) adj3 (implantation* or transplantation*)).ti,ab.
5 maci.ti,ab.
6 or/3-5
7 (random* or double-blind*).tw.
8 placebo*.mp.
9 or/7-8
10 and/6,9
11 10 not medline.cr.
12 11 not (exp animal/ not exp human/)
13 12 not (conference abstract or conference review or editorial).pt.
14 13 and (english or german).lg.
3. The Cochrane Library

Search interface: Wiley

Cochrane Central Register of Controlled Trials: Issue 9 of 12, September 2019

ID Search

#1 [mh ~chondrocytes/tr]

#2 [mh ~"tissue engineering"] and cartilage*:kw

#3 ((chondro* or cartilage®) near/3 (implantation* or transplantation®)):ti,ab
#4 maci:ti,ab

#5 #1 or #2 or #3 or #4

#6 #5 in Trials
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A.2 — Searches in study registries

1. ClinicalTrials.gov

Provider: U.S. National Institutes of Health
= URL: http://www.clinicaltrials.gov

* Type of search: Advanced Search

Search strategy

cartilage implantation OR cartilage implant OR cartilage transplantation OR chondrocyte implantation OR
chondrocyte implant OR chondrocyte transplantation OR MACI

2. EU Clinical Trials Register

Provider: European Medicines Agency

URL: https://www.clinicaltrialsregister.eu/ctr-search/search

* Type of search: Basic Search

Search strategy

((chondro* OR cartilage*) AND (implant* OR transplant*)) OR MACI

3. International Clinical Trials Registry Platform Search Portal
Provider: World Health Organization

=  [URL: http://apps.who.int/trialsearch

* Type of search: Standard Search

Search strategy

cartilage injuries OR cartilage defect* OR cartilage lesion* OR articular cartilage OR knee AND defect* OR
knees AND defect* OR chondrocytes
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