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Introduction

Prof. Elizaveta Kon
IRCCS Humanitas Research Hospital, Rozzano, Milan, Italy

Department of Biomedical Sciences, Humanitas University, Milan, Italy

Osteoarthritis (OA) represents a significant and growing
public health challenge, affecting millions of individuals
worldwide. OA is characterised by the degeneration of joint
cartilage and underlying bone, leading to pain, stiffness, and
reduced mobility™. The World Health Organization estimates
that OA affects approximately 10% of men and 18% of wom-
en aged over 60, and this prevalence is expected to rise due
to ageing populations and increasing obesity rates?.

Traditional treatment modalities in OA include pharmaco-
logical interventions such as non-steroidal anti-inflammatory
drugs (NSAIDs) and corticosteroids, as well as physical ther-
apy and lifestyle modifications. However, these approaches
often provide only temporary relief and may be associated
with adverse effects, particularly in the long term!™. Intra-ar-
ticular injections have emerged as a promising alternative,
particularly with the advent of innovative therapies like
polynucleotide injections. Polynucleotides are a mixture of
natural DNA-derived macromolecules of different length
obtained from trout sperm using an original purification
technology developed by Mastelli S.r.l,, a company boast-
ing more than 70 years of experience and know-how in this

field. In the therapeutic area of orthopaedics, Mastelli S.r.l.
offers two injectable products: Condrotide® (20 mg/mL of
Polynucleotides HPT®) and Condrotide® HA (10 mg/mL of
Polynucleotides HPT® and 10 mg/mL hyaluronic acid).

The rationale for using Polynucleotides HPT® lies in their
ability to delay degenerative processes within the joint
environment and support cellular functions essential for
tissue healing®. In fact, Polynucleotides HPT® have attract-
ed attention for their potential to help enhancing joint
function and alleviate pain in patients with OA. Recent
studies demonstrate that their intra-articular injection can
significantly reduce pain and improve functional outcomes
compared to traditional therapies such as hyaluronic acid
injections, both in an animal model of OA" and in patients
(e.g., refs ),

This monograph aims to explore the role of intra-articular
Polynucleotides HPT® injections in the management of OA,
emphasising their therapeutic efficacy and safety profile. It is
crucial to recognise the pressing need for effective interven-
tions to deal with the OA “epidemic” and improve the quality
of life of individuals affected by this debilitating condition.
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Chapter | — Osteoarthritis: nosological framework

and contemporary epidemiology

1.1 Description and classification

of osteoarthritis

Osteoarthritis (OA) is a complex chronic disease that affects
the entire joint meaning that all structures in the joint, i.e,,
the cartilage, subchondral bone, ligaments, capsule, syn-
ovial membrane and periarticular muscles, are affected by
the pathological processest”,

The diagnosis of OA is made based on symptoms (pain,
morning stiffness, functional limitations) and physical signs
(crepitus, restricted and painful movement, joint tenderness
and bony enlargement)™. The Kellgren and Lawrence classi-
fication is used for the radiological grading of OA of several
joints. This classification is based on a sequence of osteo-
phyte formation, joint space narrowing, and bone sclerosis,
and it provides simple and practical scales for each joint.
Additional scores are available for further classification of
individual radiographic features!'".

The American College of Rheumatology (ACR) classifies OA
into two main categories: i) idiopathic OA and ii) secondary
OA that occurs due to a known traumatic event or disease.
The two categories are further grouped according to ana-
tomical location and whether OA is limited to a particular
joint or generalised"?,

OA most commonly affects the hip, knee, and hand joints,
but most joints can be involved, with the knee being the
most frequent site for OAI™.

1.2 Epidemiology of OA worldwide and in Italy
OA is the most common joint disease affecting an
estimated 240 million people worldwide including
10% of men and 18% of women above the age of
604, OA most frequently occurs after the age of 40 and its
prevalence increases sharply with age™.

In 2020, the age-standardised prevalence of OA was more
than 5.5% in all world regions, ranging from 56774 (5029.8-

6318.1) per 100,000 people in southeast Asia to 8632.7
(7852.0-9469.1) per 100,000 people in high-income Asia
Pacific. The prevalence of OA was higher in females than in
males. The prevalence of total OA and OA at specific sites in-
creases with age. Compared to 2020, by 2050, the number of
people with OA is projected to increase by 74.9% (59.4-89.9)
for the knee, by 48.6% (35.9-67.1) for the hand, by 78.6% (57.7-
105.3) for the hip, and by 95.1% (68.1-135.0) for other types
of osteoarthritis"".

According to the Italian Statistics Institute (ISTAT), al-
most 40% of Italians suffer from chronic conditions,
with arthritis/OA being the second most common
chronicdisease present in 14.8% of the population.

1.2.1 Sport and OA

There is a concern that practising sports may contribute
to the development of early OA. Elite athletes engaging in
sports involving rapid acceleration and deceleration or those
with high joint impact have a higher probability of develop-
ing OA. For example, the incidence of OA in current
or former soccer players is 16-80%, i.e., 5 to 12 times
higher than in the general population, and OA is di-
agnosed 4-5 years earlier. There is a correlation between
both sport intensity and duration and the incidence of OA.
Moreover, joint injuries are common amongst athletes
(10-35.5 injuries/1000 h of playing soccer) and in 16-
46% involve the knee. Joint injury is a major factor in
the development of early and disabling OA""®!,
Following an injury, an early restoration of the appropriate
meniscal, ligament and cartilage integrity protects the knee
and allows for safe return to training. The risk of developing
OA when practising different sports or continuously stop-
ping and restarting sport practice is still unknown, as is the
most effective treatment modality. Low-impact sports (walk-

ing, swimming and cycling) can have a protective effect!’®],
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1.3 Economic and social burden of disease
OA is a major source of health-related expenditure!™, The
indirect costs due to work loss and early retirement are also
substantial™. For example, in the USA in 2016, healthcare ex-
penditures on OA amounted to USD 80 billion, and in Hong
Kong in 2003 direct and indirect spending on OA totalled
more than HKD 400 million™!,

OA is also a major cause of disability and societal costs!™.
The WHO Global Ageing and Health Report 2015 nomi-
nated OA as a leading cause of disability in adults above

the age of 60 years!". Between 1990 and 2020, the global
age-standardised rate of years lived with disability (YLDs)
for all sites of OA increased by 9.5% (95% uncertainty inter-
vals 8.6-10.1)". In 2020, OA ranked as the 14" most com-
mon cause of age-standardised YLDs across all ages and as
the seventh cause of YLDs among people above the age of
70 years. Symptomatic OA may be associated with depres-
sion and disturbed sleep, which deepen the disability and
the symptoms of OA and negatively impact the patients’
quality of lifel™.
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Chapter Il - Polynucleotides High Purification Technology

(PN HPT®): an Italian innovation

2.1 Characteristics of Polynucleotides HPT®
and mechanism of action

Polynucleotides are DNA-derived macromolecules of vary-
ing lengths, naturally sourced from the gonads of fresh-
water-bred trout, Oncorhynchus mykiss, raised for human
consumption. These macromolecules are purified through
a unique, advanced high-temperature process developed
by Mastelli S.rl. over 70 years ago. This technology ensures
the production of an exceptionally pure product, free from
allergenic or pharmacologically active protein contaminants.
Over the years, Mastelli S.r.l. has accumulated extensive expe-
rience and expertise in handling these molecules, solidifying
its leadership in this field®.

Polynucleotide extraction and purification and the manu-
facturing of medical devices by Mastelli S.r.l. is performed
through a specific process, denominated High Purifica-
tion Technology (HPT®), from fish intended for human
consumption. Fish gonads are excised for polynucleotide
extraction and the remaining fish enter the food chain.
The farming of trout used for polynucleotide extraction
takes place in Italy and Europe and rigorously complies
with animal welfare recommendations, food hygiene and
food safety legal requirements including tests for the pres-
ence of heavy metals. Mastelli S.r.l. fully controls the
production chain, from trout breeding to polynu-
cleotide purification and the production of the fin-
ished Polynucleotides HPT®-based medical devices.
Once produced, the devices are appropriately packaged,
sterilised, quality-assured and stored in controlled ware-
houses, ready for commercialisation. Polynucleotides HPT®
demonstrate strong potential for tissue repair by emulating
natural tissue components and replicating natural mecha-
nisms that support physiological healing processes. When
applied, Polynucleotides HPT® fill intercellular spaces and
act as a supportive extracellular matrix. This matrix not only
provides essential hydration for volume maintenance and

thus spatial integrity, but it also establishes a scaffold that

fosters cell communication. By integrating with the extra-

cellular environment, Polynucleotides HPT® contribute to

a stable microenvironment that mimics physiological con-

ditions, which is crucial for the natural tissue regeneration

processes.

For osteoarticular health, Polynucleotides HPT® act with a

double-edge action for complete joint effectiveness:

1. Initial biomechanical action: Polynucleotides HPT® are
polymeric molecules that have the ability to bind large
amounts of water and reorganise their structure by ori-
entating and coordinating water molecules to form a
three-dimensional hydrogel (Figure 1)®. This three-di-
mensional hydrogel deeply hydrates the joint surfaces,
improves the rheological properties of the synovial fluid
and restores the mechanical dynamics of the joint.

O=P—O0O o)
b 0
O=F|’—O o N NZ S,
_(|3 NH,
XN

3’end N NN
o J

Figure 1. The chemical structure of Polynucleotides HPT®.
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2. Recovery of joint physiology: Polynucleotides HPT® hy-
drogels have been shown to support, by providing a
scaffold, the restoration of a physiological microenvi-
ronment to promote the development of healthy carti-
lagest®.. They favour the recovery of chondrocyte vitality
with physiological deposition of cartilage matrix.

Polynucleotides HPT® also improve joint function and reduce

pain.

2.2 The effect of Polynucleotides HPT®

on cartilage: in vitro study

Gennero et al. focused on establishing a microenvironment
capable of reinducing physiological cell functions in injured
cartilage. To do so, different culture media, either promoting
(supplemented with Polynucleotides HPT®, hyaluronic acid
or specific chondrocyte culture medium) or not promoting
(nonspecific culture medium or culture medium without
supplements) chondrocyte survival and growth were tested
on cartilage biopsies and cartilage-derived cells. Chondro-
cyte viability, deposition of extracellular matrix components
(type Il collagen and aggrecan), and explant tissue histology
were analysed after 30 days of culture®.

Cell vitality was physiologically maintained also
after 30 days of incubation and was significantly
higher in the biopsies cultured in a medium sup-
plemented with 1% Polynucleotides HPT® than in
those cultured in a medium supplemented with 1%
hyaluronic acid (p<0.001) (Figure 2A). Moreover,
the expression of type Il collagen and aggrecan was
higher on chondrocytes cultured in the medium sup-
plemented with 1% Polynucleotides HPT® than on
those cultured in the medium supplemented with
1% hyaluronic acid (Figure 2B, C)®\. /n vitro treatment
of cartilage explants in the culture medium containing 1%
Polynucleotides HPT® showed the presence of all structures
of normal hyaline cartilage, whereas explants incubated in
the culture medium supplemented with 2% hyaluronic acid
appeared to be in a degenerative state.

p<0.001
100 ~ ! !
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20 |
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Figure 2. Condrotide® performed better than hyaluronic acid
(HA) in supporting chondrocyte viability (A) and appropriate
deposition of extracellular matrix components (type Il collagen
and aggrecan) (B and C, respectively). Graphic elaboration
from tables [3].
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Chapter lll - Clinical benefits of Polynucleotides HPT®
in the treatment of osteoarthritis — Evidence-based medicine

3.1 Clinical benefits of the use of Polynucleotides HPT® in the treatment of osteoarthritis
(OA) of the knee

3.1.1 Study by Vanelli et al., 2010: the first evidence of the validity of Condrotide® in the treatment
of symptomatic OA of the knee from a randomised double-blind clinical trial conducted by the group
of Prof. Francesco Benazzo at the University of Pavia.

Reference [8]: Vanelli R, Costa P, Rossi SM, Benazzo F. Efficacy of infra-articular polynucleotides in the treatment of knee
osteoarthritis: a randomized, double-blind clinical trial. Knee Surg Sports Traumatol Arthrosc. 2010;18(7):901-7.

Aim of the study

The aim of this study was to assess the efficacy of intra-articular injections of Polynucleotides HPT® (Condrotide®, Mastelli
S.rl, Sanremo, Italy) in the treatment of OA with persistent pain by comparing their effects to standard viscosupplementa-
tion with hyaluronic acid.

Study design

Patients: Fifty-nine patients (20 male/39 female, median age 60 and 67 years for the Condrotide® Group and Comparison

Group, respectively) with knee OA and persistent pain for at least 2 months.

Interventions: Patients received treatments as detailed in Figure 3.

Assessments: The following assessments were made at all study visits (TO-T16):

« VAS score (the higher the score, the worse the pain) for subjective knee pain (global pain, pain at rest, pain on weight
bearing, and pain during physical activity)

« Clinical evaluation.

In addition, at baseline (T0) and follow-up visits (T8 and T16), the researchers assessed:

« Knee Injury and Osteoarthritis Outcome Score (KOOS, a questionnaire for the assessment of knee pain, function and QoL
on a scale from 0 to 100 points, where higher scores indicate better knee condition) and subscales (Pain, Symptoms, Ac-

tivity of Daily Living [ADL] Function, Sport/Recreation Function, Qol)
 Non-steroidal anti-inflammatory drugs (NSAIDs) consumption.

Condrotide® Group:
5 injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l.),
one week apart (T0,T1,72,13,T4)

N
Figure 3. Study design. Graphic elaboration from text [8].
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Results

The mean global pain on the VAS decreased for both groups
and the changes were statistically significant (Figure 4A).
The reduction of pain at rest was faster in the Condrotide®
Group, whilst the reduction in pain on weight bearing
and during physical activity followed a similar trajectory
in the two groups. The improvement in KOOS values be-
tween baseline and T16 was statistically significant in both
groups, although higher in the Condrotide® Group than in
the Comparison Group for all subscales (Figure 4B); this is
particularly evident for the Symptoms and Sport/Recreation
subscales. The Sport/Recreation subscale was not subjected
to statistical analysis due to the small number of patients
doing sports; nevertheless, the data show a trend towards
improvement in the Condrotide® Group (from 24.6 + 20.0
to 38.9 + 26.7) versus the Comparison Group (from 30.0 +
12.510 33.6 + 25.6) from baseline to T16. The use of NSAIDs
was lower in the Condrotide® Group than in the Comparison
Group, especially at T4 and T8 (Figure 4C). At the end of the
follow-up, one (3.4%) patient in the Condrotide® Group and
eight (27%) patients in the Comparison Group continued to
take NSAIDs.

Conclusions

This was the first study to evaluate intra-articular injections
of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l, Sanre-
mo, ltaly) in the treatment of OA of the knee. The results
suggest that the use of Polynucleotides HPT® can be a valid
therapeutic alternative to hyaluronic acid in the treatment of
symptomatic OA. Intra-articular injections of Polynucleotides
HPT® substantially reduce OA pain and improve the overall
quality of life of patients as shown by the KOOS scores. The
authors of this randomised double-blind clinical trial con-
cluded that the product could become a useful addition to
the range of treatments available in symptomatic OA.

66

M Condrotide® Group M Comparison Group

>

p<0.05
8 1 1

p<0.05
1

Global pain on VAS at baseline
and week 16

10 T16 10 T16

N
o1
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— j— N
o o o
! ! !

[&)]
1

Mean change in KOOS from baseline to week 16 o

0 u
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é_ 2.5 1
= 2.0+
2
g 15+
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Figure 4. Global pain assessment on VAS (A), mean change
in KOOS from baseline to week 16 (B) and evolution of NSAIDs
consumption (calculated as number of days in the preceeding
week in which the patient took NSAIDs) over the duration of
follow-up (C) in patients in the Condrotide® and Comparison
Groups. Orange boxes mark the KOOS subscales in which the
improvement in the Condrotide® Group was particularly evi-
dent. Graphic elaboration from fext and figures [8].

According to the authors of this randomised double-blind trial, Polynucleotides HPT® (Condrotide®)
injections could usefully extend the range of treatments available in symptomatic OA.

2
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3.1.2 Study by Giarratana et al., 2014: a randomised double-blind clinical trial led by Prof. Bruno
Michele Marelli and Prof. Walter Albisetti confirmed the findings of Vanelli et al. and showed that
Polynucleotides HPT® provide faster pain reduction than hyaluronic acid.

Reference [9]: Giarratana LS, Marelli BM, Crapanzano C et al. A randomized double-blind clinical trial on the treatment
of knee osteoarthritis: the efficacy of polynucleotides compared to standard hyaluronian viscosupplementation. Knee.
2014;21(3):661-8.

Aim of the study
The aim of this prospective study was to confirm the results of Vanelli et al.® by assessing the efficacy of intra-articular in-
jections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l, Sanremo, Italy) in the treatment of knee OA with persistent pain

compared to the effects of standard viscosupplementation with hyaluronic acid.

Study design:

Patients: Seventy-two patients (31 male/41 female, median age 64.9 and 64.1 years for the Condrotide® Group and Com-

parison Group, respectively) with knee OA and persistent pain for at least 2 months.

Interventions: Patients received treatments as detailed in Figure 5.

Assessments: The following assessments were made at different study visits:

« Clinical evaluation at all study visits (TO-T26)

« Knee Injury and Osteoarthritis Outcome Score (KOOS) and subscales on all visits but T1

« VAS score for subjective knee pain (pain at rest, pain during standing, and pain during walking) on all visits

« Non-steroidal anti-inflammatory drugs (NSAIDs) consumption.

=
o
=
o
-
£
o
i)
c
o
[

Condrotide® Group:
3 injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l.);
one week apart (T0,T1,72)

Figure 5. Study design. Graphic elaboration from text [9].

Results

Sixty-eight patients completed the study; two were lost to fol-
low-up and two discontinued due to adverse events unrelated
to the study intervention. Figure 6 shows mean differences
from baseline in KOOS subscales, which were considered
separately. In the Condrotide® Group, a statistically significant
improvement in symptoms occurred at T2 (p=0.003), whereas
pain and sport/recreation improved at 16 (p=0.012) since the

beginning of the treatment. In the Comparison Group, sta-
tistically significant improvements for these three subscales
occurred at T18 (p=0.01). Both groups improved in the ADL
and QoL subscales at T6. The difference between the two
groups was statistically significant at T10 for pain, ADL and
sport/recreation in favour of Polynucleotides HPT®.

The VAS score for pain at rest improved at T2 for both groups,
whereas pain during standing and during walking improved at
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M Condrotide® Group [¥ Comparison Group
Symptoms Pain

T26 126

T18 T18
T10 T10

T6 T6

12 T2

*p<0.05; *p<0.01 *p<0.05; **p<0.001

Function, daily living Function, sport and recreation

T26 126

T8 T8
T10 T10
T6 T6

12 T2

*p<0.05 *p<0.05; *p<0.01

-10 0 10 20 30
Differences from T0 and 95% CI

Quality of life

T26
T18
T10

T6

*p<0.05
10 0 10 20 30
Differences from T0 and 95% CI

-
Figure 6. Mean differences from baseline with 95% t-test confidence interval (Cl) for all KOOS subscales when considering the
Condrotide® and Comparison Group separately. The timepoints at which the differences from baseline became stafistically signifi-
cant are shown (*p<0.05; **p<0.01; ***p<0.001). Orange boxes mark the subscales for which the statistically significant improve-
ment from baseline occurred earlier in the Condrotide® Group than in the Comparison Group. Graphic elaboration from figure [9].
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Figure 7. Mean and standard deviation for VAS values for pain at rest, during standing and during walking at all timepoints from
baseline to T26 in the Condrotide® and Comparison Group. Statistically significant differences from baseline to a given timepoint
within group are shown as ° for the Condrotide® Group and * for the Comparison Group. Statfistically significant differences be-
tween groups are show as * All p<0.05. The orange box marks the subscales for which the statistically significant improvement
from baseline occurred earlier in the Condrotide® Group than in the Comparison Group. Graphic elaboration from figure [9].

T1in the Condrotide® Group and T2 in the Comparison Group.
Figure 7 shows the evolution of VAS scores during the study.
A clear reduction in NSAIDs use was observed at T10 in the
Condrotide® Group and T18 in the Comparison Group. The
analysis of crackling, articular mobility limitation and articular
oedema showed similar results for both groups.

Conclusions
The study confirmed that intra-articular injections of Poly-
nucleotides HPT® (Condrotide®, Mastelli S.r.l., Sanremo, Italy)

are as effective as hyaluronic acid (Hyalubrix®) in reducing
symptoms of OA of the knee but with a quicker onset of
improvements in pain resulting in a faster improvement in
ADL and quality of life.

The authors concluded that the intra-articular use of Con-
drotide® might represent a valid alternative to the use of
hyaluronic acid in the treatment of knee OA with persistent
pain. Importantly, it may reduce NSAIDs consumption and
intra-articular corticosteroids, and the adverse events asso-
ciated with these two treatments.

66 The study confirmed that Polynucleotides HPT® (Condrotide®) are as effective as hyaluronic acid
(Hyalubrix®) in reducing symptoms of OA of the knee but with a quicker onset
of improvements in pain resulting in a faster improvement in the activities of daily living

and quality of life.
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3.1.3 Study by Zazgyva et al., 2013: a randomised, double-blind clinical trial to compare
the efficacy of Polynucleotides HPT® with that of hyaluronic acid.

Reference [6]: Zazgyva A, Gergely I, Russu OM et al. Polynucleotides versus sodium hyaluronate in the local freatment of
knee osteoarthritis. Acta Medica Transilvanica. 2013;2(2):260-3.

Aim of the study

The aim of this prospective study was to evaluate and compare the efficacy of intra-articular injections of hyaluronic acid

and Polynucleotides HPT® (Condrotide® Mastelli S.r.l., Sanremo, Italy) in patients with painful knee OA.

Study design

Patients: Thirty patients aged 18 to 71 who were diagnosed with OA of the knee and reported persistent pain for at least

2 months.

Interventions: Patients received treatments as detailed in Figure 8.

Assessments: The following assessments were made:
« VAS score for subjective knee pain

« Knee Injury and Osteoarthritis Outcome Score (KOOS) scale

« Knee Society Score (KSS, that assesses knee pain and functionality on a 0-100 scale with 100 corresponding to optimal

knee state)

« Non-steroidal anti-inflammatory drugs (NSAIDs) consumption.

-

D) T T

Condrotide® Group:
3 injections of Polynucleotides HPT®
(Condrotide®, Mastelli S.r.l.), once a week (T1,72,T3)

Figure 8. Study design. Graphic elaboration from text [6].

Results

All 30 patients completed the study.

Subjective pain perception on VAS decreased significantly in
both groups with a more pronounced improvement in the
Condrotide® Group. The evolution of pain at rest is shown in
Figure 9A. KOOS values improved in both groups from TO to
T16. The increase in KOOS value was greater in the Condrotide®
Group (Figure 9B). The KSS “knee score” and KSS “functional
score” showed a statistical improvement in the Condrotide®
Group (Figure 9C, D). The reduction in NSAIDs consumption
was more pronounced in the Condrotide® Group (Figure 9E).

Conclusions

A significant pain reduction was observed in patients with
OA treated with intra-articular injections of Polynucleotides
HPT® (Condrotide®, Mastelli S.rl,, Sanremo, Italy) and hyal-
uronic acid. However, the symptomatic and functional im-
provements were greater in the Condrotide® Group versus
the Comparison Group.

Based on the results of this randomised double-blind clin-
ical trial, the authors confirmed that Polynucleotides HPT®
injections are a viable alternative in the treatment of early
and intermediate stage OA.
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Figure 9. Level of subjective pain af rest on VAS (A), mean KOOS values (B), KSS “knee score” (C), KSS “functional score” (D)
and NSAIDs consumption (E) at all timepoints from baseline to T16. In panel A, statistically significant differences from baseline
to a given timepoint within group are shown as ° for the Condrotide® Group and * for the Comparison Group. Graphic elaboration

from text, table and figures [6].

oo

Based on the results of this randomised double-blind clinical trial, the authors confirmed

that Polynucleotides HPT® (Condrotide®) injections are a viable alternative in the treatment
of early and intermediate stage OA.
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3.1.4 Study by Meccariello et al., 2015: an international retrospective study that compared

the effectiveness of five intra-articular mitigation strategies to treat OA of the knee and showed
that, amongst others, Polynucleotides HPT® can delay knee arthroplasty.

Reference [17]: Meccariello L, Fazarano G, Medici A et al. In the aging knee: which mitigation and intervention strategies do

we apply in the intra-articular knee joint injection? The comparison of the effects of five drugs and review of the literature.
Canadian Open Orthopaedics and Traumatology Journal. 2015;2(1):1-13.

Aim of the study

The aim of this retrospective study was to evaluate five intra-articular strategies to treat patients with OA of the knee in-
cluding intra-articular injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l., Sanremo, ltaly), low or high molecular
weight (MW) hyaluronic acid (HA), platelet-rich plasma (PRP) or triamcinolone hexacetonide (TH).

Study design

Patients: A total of 177 patients: 30 each in the Low MW HA Group and Condrotide® Group, 36 in the High MW HA Group,
31 in the PRP Group and 50 in the TH Group (overall 87 males/90 females, age ranging from 50 to 85 years) with class Il or
Il OA of the knee. In the TH Group, the mean age was higher than in the other groups and OA was more advanced (class Il
versus class II).

Interventions: Patients received treatments as detailed in Figure 10. Patients could choose their treatment following an
exhaustive explanation provided by their doctors™€.

Assessments: The following assessments were made:

« VAS score for subjective knee pain

« Knee Injury and Osteoarthritis Outcome Score (KOOS) scale

« Non-steroidal anti-inflammatory drugs (NSAIDs) consumption (the number of etoricoxib pills used per month).

Ve

Condrotide® Group:
4 injections of Polynucleotides HPT®
(Condrotide®, Mastelli S.r.1.)

*Patients in the PRP Group received a variety of commercially available anti-inflammatory and chondroprotective drugs daily for 3 months before starting
\The injections. HA, hyaluronic acid; MW, molecular weight; PRP, platelet-rich plasma; TH, triamcinolone hexacetonide.

J

Figure 10. Study design. Graphic elaboration from text [17].




Figure 11. The evolution of subjective pain on VAS (A), KOOS
scale (B) and NSAIDs consumption (C) over the follow-up
period in patients in the five treatment groups.

Statistically significant (p<0.05) differences between groups
are shown as *,

HA, hyaluronic acid; MW, molecular weight; PRP, platelet-rich
plasma. Graphic elaboration from text [17].

Results

There was no significant difference in the baseline pain level
on VAS at the start of the study. Subjective pain decreased
in all groups at all timepoints. At T6, there was a significant
difference between the Low MW HA Group, with less im-
provement, and all other groups (Figure T1A).

KOOS values improved in all groups. There was a statistical
difference in KOOS values between the TH Group and all oth-
er groups at all timepoints including baseline (Figure 11B).
At 6 months since the first injection, NSAIDs consumption
was lowest in the Condrotide® Group (Figure 11C).

Conclusions

The management of OA and care for the ageing knee is
complex. In advanced OA nonresponsive to common vis-
cosupplementation, patients are offered knee replacement
surgery. For selected patients, the different types of viscos-
upplementation, including intra-articular injections of Poly-
nucleotides HPT® (Condrotide®, Mastelli S.r.l, Sanremo, Italy)
tested in this study can relieve pain, improve function and
may delay arthroplasty.
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66 Intra-articular injections of Polynucleotides HPT® (Condrotide®) tested in this study can relieve
pain, improve function and may delay arthroplasty in selected patients with advanced OA. 99




@ ® ® @ Therapeutic use of Polynucleotides HPT® in osteoarthritis. The weight of evidence

3.1.5 Study by Guelfi et al., 2020: a prospective case cohort versus historical controls to compare
the effectiveness of Polynucleotides HPT® versus hyaluronic acid for the treatment of OA of the knee.

Reference [19]: Guelfi M, Fabbrini R, Guelfi MG. Intra-articular treatment of knee and ankle osteoarthritis with
polynucleotides: prospective case record cohort vs historical controls. J Biol Regul Homeost Agents. 2020;34(5):1949-53.

Aim of the study

The aim of this study was to present the outcomes of a prospective record study of patients with OA of the knee treated
with intra-articular injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l., Sanremo, Italy) and to compare the results
with historical outcomes obtained in a small subcohort of patients treated with hyaluronic acid.

Study design

Patients: A total of 146 patients (61 male/85 female, mean age 73 years, range: 47-82 years) with OA of the knee; 121 with
grade 1-2 and 25 with grade 3-4 OA on the Kellgren-Lawrence scale. Eleven patients from the grade 1-2 subgroup had
received injection of hyaluronic acid on average 1 year before receiving Polynucleotides HPT® and acted as a Historical

Comparison Group.

Interventions: Patients received treatments as detailed in Figure 12.

Assessments: Western Ontario and McMaster Universities (WOMAC) questionnaire (total score ranging between 0 and 96;

the higher the score, the worse the knee pain, stiffness and functional limitations) at baseline and follow-up.

Ve

Condrotide® Group:

3 injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l.), once a week

Figure 12. Study design. Graphic elaboration from text [19].

Results

Following the treatment with Polynucleotides HPT®, the WO-
MAC score decreased from baseline to the end of follow-up
by 75.5% for patients with grade 1-2 disease and by 37.7%
for those with grade 3-4 OA of the knee (Figure 13A). The
decrease in the WOMAC scale at month 1 was similar in pa-
tients treated with Polynucleotides HPT® (-76.6%) and in the
Historical Comparison Group treated with hyaluronic acid
(-75.5%) (Figure 13B). The WOMAC score decreased after
one month and remained stable for the rest of the follow-up
period (Figure 13C).

All patients reported less pain, a reduction in knee friction
noises and an improvement in ROM.

Conclusions

With all the limitations of a retrospective non-controlled
design, the study confirmed that intra-articular injections
of Polynucleotides HPT® (Condrotide®, Mastelli S.rl., Sanre-
mo, ltaly) can be an alternative, and possibly a complement,
to hyaluronic acid in the relief of symptoms and improve-
ment of QoL in patients with OA of the knee. Functional
improvement measured by the WOMAC score at 1-month
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66 The study confirmed that Polynucleotides HPT® (Condrotide®) can be an alternative,

and possibly a complement, to hyaluronic acid in the relief of symptoms and improvement
of QoL in patients with OA of the knee.
Functional improvement measured by the WOMAC score at 1-month follow-up
was more pronounced in patients with grade 1-2 OA (-75.5%). However, a substantial WOMAC
score decrease was also seen in patients with grade 3-4 disease, who would normally
be candidates for arthroplasty. 99
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3.1.6 Study by Conforti, 2020: a retrospective study from a member of the International Association
of Laser Therapy on the benefits of Polynucleotides HPT® combined with laser needling in physiatry
and sports medicine to treat patients with primary and secondary OA of the knee.

Reference [20]: Conforti M. Laser needling® and natural origin, highly purified polynucleotides (PN-HPT®) in knee
osteoarthrosis: benefits in physiatry and sports medicine. Int J Sports Sci Med. 2020;4:030-7.

Aim of the study

The aim of this study was to compare the 3-monith efficacy and 6-month persistence of the clinical and functional benefits of
the application of low level laser therapy either externally or intra-articulary (Laser Needling® technique), the latter combined
with intra-articular injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l, Sanremo, Italy) before the laser session, in
patients with compromised efficiency of sports activities due to persistent pain and disability despite past treatment.

Study design

Patients: A total of 105 patients (55 male/50 female, mean age 58.4 + 12.8 years, range: 25-75 years) with degenerative OA

of the knee who had tibiofemoral lesions and refused surgery were treated with intra-articular injections of Polynucleotides

HPT® followed by intra-articular AG8 laser therapy (Condrotide® Group). A total of 109 patients (54 male/55 female, mean

age 479 + 124 years) with similar disease severity were treated with a Fiber Power 3 (FP3) external treatment protocol and

constituted the Comparison Group.

Interventions: Patients received treatments as detailed in Figure 14.

Assessments: The following assessments were made:

« Western Ontario and McMaster Universities (WOMAC) questionnaire at baseline and after a 2-week (T2) and 3-month (T3)
follow-up period

« Subjective pain assessment on VAS immediately before and at the end of each treatment session.

Condrotide® Group:
Intra-articular low level laser therapy using AG8 Protocol 3 + injections
of Polynucleotides HPT® (Condrotide®, Mastelli S.r.1.) prior to the laser sessions

-

Figure 14. Study design. Graphic elaboration from text [20].

Results

The improvements in total WOMAC and subscores for pain
and function at T2 were statistically greater in the Condrot-
ide® Group than in the Comparison Group. The improvement
in WOMAC stiffness was borderline not statistically signifi-
cant (Figure 15A-D).

Similarly to the WOMAC Pain subscore, subjective pain on
VAS improved to a greater extent in the Condrotide® Group
(Figure 16). The improvement persisted after T6 (data not
shown). Both patients with primary and secondary grade 2
OA benefited from the AG8/Polynucleotides HPT® treatment,
espedcially those with primary grade 2 OA.
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Figure 15. Changes in total WOMAC (A) and WOMAC Pain (B), Function (C) and Stiffness (D) subscores from baseline fo week
2 in the Condrotide® and Comparison Groups. Graphic elaboration from table [20].

Figure 16. Changes in subjective
pain on VAS from baseline to T1, 04
T2 and T3 in the Condrotide®
(AG8+Polynucleotides HPT®)

and Comparison (FP3) Groups.
Graphic elaboration from table [20].
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Conclusions AG8 laser device is a novel procedure to target OA-related pain.

The intra-articular injections of Polynucleotides HPT®  This procedure was shown to be more effective than the tra-
(Condrotide®, Mastelli S.rl, Sanremo, Italy) followed by the in-  ditional external FP3 laser technique at reducing pain in OA of
tra-articular Laser Needling® technique using the multi-channel  the knee and especially the pain associated with primary OA.

6‘ The intra-articular injection of Polynucleotides HPT® (Condrotide®) followed by
the intra-articular Laser Needling® technique using the multi-channel AG8 laser device is a novel
procedure to target OA-related pain. This procedure was more effective than the traditional
external FP3 laser at reducing pain in OA, and especially the pain associated with primary OA. 99
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3.2 Clinical benefits of the use of Polynucleotides HPT® in the treatment of OA of the hip joint

3.2.1 Study by Tormenta et al., 2013: important early evidence of the suitability of intra-articular
injections of Polynucleotides HPT® to treat patients affected by hip OA.

Reference [21]: Tormenta S, Arduini F, Migliore A, Bizzi E. Report of results in terms of efficacy and safety for the use of
Condrotide® in 23 patients suffering for a monolateral hip osteoarthritis undergoing to a cycle of ultrasound-guided intra-
articular injections. European Congress of Radiology; 2013; Wien. Poster number C-2250.

Aim of the study

The aim of this study was to assess the efficacy and safety of the ultrasound-guided intra-articular injections of 4 mL of
Polynucleotides HPT® (Condrotide® Mastelli S.rl., Sanremo, Italy) in patients affected by unilateral OA of the hip.

Study design

Patients: Twenty-three patients with grade 1-3 OA of the hip on the Kellgren-Lawrence scale.
Interventions: Patients received treatments as detailed in Figure 17.

Assessments: The following assessments were made:
« VAS for subjective pain

« Lequesne index for hip joint function (11 items resulting in a total score of 24; the lower the score, the better the hip joint

status)

« Knee Injury and Osteoarthritis Outcome Score (KOOS) subscales
« Non-steroidal anti-inflammatory drugs (NSAIDs) consumption.

Condrotide® Group:

4 mL of Polynucleotides HPT® 20 mg/mL (2 vials) (Condrotide®, Mastelli S.r..)
delivered through ultrasound-guided intra-articular injections of the hip joint

Figure 17. Study design. Graphic elaboration from text [21].

Results

The improvement in pain assessed on VAS occurred early
and lasted for the entire duration of the study (Figure 18A).
There was a reduction in joint function impairment mea-
sured by Lequesne index (Figure 18B) and KOOS score
(Figure 18C). There was also a statistically significant reduc-
tion of NSAIDs consumption (p<0.05).

Conclusions

The use of ultrasound-guided intra-articular injections of
Polynucleotides HPT® (Condrotide® Mastelli S.r.l, Sanremo,
Italy) seemed to be effective and safe in patients with OA of
the hip. The reduction in pain, the functional improvements
and the reduction of NSAIDs consumption ameliorate the
quality of life of patients with OA and may result in savings
for both patients and healthcare systems. Thus, the intra-ar-
ticular use of Polynucleotides HPT® represents a suitable
option for patients affected by OA of the hip.
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66 The use of ultrasound-guided intra-articular injections of Polynucleotides HPT® (Condrotide®),
seemed to be effective and safe in patients with OA of the hip.
The reduction in pain, the functional improvements and the reduction of NSAIDs consumption
ameliorate the quality of life of patients with OA and may result in savings for both patients
and healthcare systems. 99
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3.2.2 Study by Migliore et al., 2021: a real-life retrospective cohort study of patients treated with
intra-articular Polynucleotides HPT® injections to treat OA of the hip joint with a 3-year follow-up.

Reference [22]: Migliore A, Graziano E, Martin LSM et al. Three-year management of hip osteoarthritis with intra-articular
polynucleotides: a real-life cohort retrospective study. J Biol Regul Homeost Agents. 2021;35(3):1189-94.

Aim of the study

The aim of this study was to illustrate the real-life clinical evolution over a 3-year follow-up of patients with OA of the hip

joint treated with intra-articular injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l., Sanremo, Italy).

Study design

Patients: Forty-three patients (20 male/23 female, mean age 60 + 18.5 years) with uni- or bilateral OA of the hip of at least
1 year's duration; 47% with grade 2 and 53% with grade 3 OA on the Kellgren-Lawrence scale.

Interventions: Patients received treatments as detailed in Figure 19.

Assessments: The following assessments were made:
« Subjective pain on VAS
« Lequesne index

« Non-steroidal anti-inflammatory drugs (NSAIDs) consumption

« Global Medical and Patient Assessments (GMA/GPA).

Condrotide® Group:

Single ultrasound-guided injections of Polynucleotides HPT®
(Condrotide®, Mastelli S.r.1.), indefinitely every 6 months

Figure 19. Study design. Graphic elaboration from text [22].

Results

Twenty-one patients completed the study; 11 patients
dropped out as they underwent total hip replacement, 9 were
lost to follow-up and two died. There was a significant reduc-
tion in subjective pain on VAS, in the Lequesne index score
and NSAIDs consumption from baseline to month 6 (p<0.05).
After this initial improvement of all three parameters, subjec
tive pain remained stable over the second year of follow-up
and fell again at the end of the 36-month follow-up. NSAIDs
consumption was further reduced at month 18 and 36. The
Lequesne index continued to improve over the second year of
follow-up to the end of follow-up at 36 months (Figure 20A).
Moreover, the GMA (structured medical assessment) of hip
pain and function and GPA (subjective patient assessment)

showed a steady improvement over the 36 months of fol-
low-up (Figure 20B).

Conclusions

The study confirmed the published effectiveness and safety of
intra-articular injections of Polynucleotides HPT® (Condrotide®,
Mastelli Sirl, Sanremo, Italy) and demonstrated that polynucle-
otides do not lose effectiveness over time and after more than
two injection cycles. The authors concluded that the rapid and
steady improvement in pain and function, and the reduction
in NSAIDs consumption, suggest that viscosupplementation
with Polynucleotides HPT® can be helpful in all age groups.
The improvements occurred rapidly over the first 6 months and
continued throughout the remaining 30 months of follow-up.
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Figure 20. Evolution of subjective pain on VAS (A), Lequesne index (B) and NSAIDs consumption (C) and of GMA and GPA (D)
over the follow-up of 36 months in patients treated with Condrotide®. Statistically significant differences from baseline are shown
as * p<0.05; ** p<0.01; ** p<0.001. GMA, Global Medical Assessment; GPA, Global Patient Assessment. Graphic elaboration

from figures [22].
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The rapid and steady improvement in pain and function, and the reduction in NSAIDs
consumption, suggest that viscosupplementation with 4 mL of Polynucleotides HPT®
(Condrotide®) can be helpful in all age groups. The improvements occurred rapidly over
the first 6 months and continued throughout the remaining 30 months of follow-up.
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3.3 Clinical benefits of the use of Polynucleotides HPT® in the treatment of OA of the shoulder

3.3.1 Study by Saggini et al., 2014: a good size randomised study of intra-articular injections
of Polynucleotides HPT®, hyaluronic acid and lidocaine to treat OA of the shoulder.

Reference [23]: Saggini R, Distefano AG, Capogrosso F et al. Viscosupplementation with hyaluronic acid or polynucleotides:
results and hypothesis for condro-synchronization. J Clin Trials. 2014;4:1-4.

Aim of the study

The aim of this study was to compare the efficacy of viscosupplementation with intra-articular injections of hyaluronic acid
versus Polynucleotides HPT® (Condrotide® Mastelli S.rl., Sanremo, Italy) in the treatment of patients with rotator cuff syn-
drome with incomplete lesion of the supraspinatus muscle.

Study design

Patients: A total of 165 patients (97 male/68 female, average age 55 years) with shoulder pain due to rotator cuff syndrome

with incomplete injury of the supraspinatus tendon confirmed clinically and by ultrasound and magnetic resonance imag-

ing (MRI).

Interventions: Patients received treatments as detailed in Figure 21.

All patients were subjected to three weekly 45-minute sessions of upper limb proprioception and joint range of motion

(ROM) functional recovery with a Multi Joint System.

Assessments: The following assessments were made at baseline, at the end of the treatment period (30 days) and at 90

and 120 days from baseline;

« VAS score for subjective pain

« Constant-Murley score (a simple standardised method for clinical assessment of shoulder function on a scale from 0 to
100 points; the higher the score, the better the function)

« Measurement of shoulder's ROM for flexion and abduction-adduction

« Davies isokinetic test at an angular velocity of 90%sec.

Ve

Condrotide® Group:
4 injections of 40 mg Polynucleotides HPT®
(Condrotide® Mastelli S.r.I.), once a week

S

Figure 21. Study design. Graphic elaboration from text [23].

Results score, joint ROM and in the values of peak moment of max-
In the Hyaluronic Acid and Condrotide® Groups, a significant ~ imum force, both for the external and intra-rotators were
reduction of pain on VAS, an increase in Constant-Murley — observed.




Patients in the Lidocaine Group experienced a non-signifi-
cant reduction of pain only at the end of treatment (T1) (VAS
8.05atT0and 5.5 at T1) (Figure 22).

Conclusions
The results of viscosupplementation with intra-articular in-
jections of either hyaluronic acid or Polynucleotides HPT®

Current Therapeutics

(Condrotide® Mastelli S.r.l,, Sanremo, Italy) provided short
and medium-term improvements and were comparable in
the two groups. The authors hypothesised that combined
viscosupplementation with hyaluronic acid and Polynucle-
otides HPT® given together or delayed could provide further
improvement in the long term or that alternating the two
agents would be a better treatment.
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Figure 22. Evolution of pain on VAS (A), Constant-Murley score (B) and Davies isokinetic tests (C, D) af baseline (T0), end of
treatment (TT) and follow-up at 90 (T2) and 120 (T3) days in the Hyaluronic Acid, Condrotide® and Lidocaine Groups. Statistically
significant differences from baseline are marked with * (p<0.05). Graphic elaboration from figures [23].
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The authors hypothesised that combined viscosupplementation with hyaluronic acid

and Polynucleotides HPT® (Condrotide®) given together or delayed could provide further

improvement in the long term or that alternating the two agents would be a better treatment.

29




@ ® ® @ Therapeutic use of Polynucleotides HPT® in osteoarthritis. The weight of evidence

3.4 Clinical benefits of the use of Polynucleotides HPT® in the treatment of OA of the ankle

3.4.1 Study by Guelfi et al., 2020: a prospective case cohort versus historical controls to compare
the effectiveness of Polynucleotides HPT® versus hyaluronic acid for the treatment of OA of the ankle.

Reference [19]: Guelfi M, Fabbrini R, Guelfi MG. Intra-articular treatment of knee and ankle osteoarthritis with
polynucleotides: prospective case record cohort vs historical controls. J Biol Regul Homeost Agents. 2020;34(5):1949-53.

Aim of the study

The aim of this study was to present the outcomes of a prospective case record study of patients with OA of the ankle
treated with intra-articular injections of Polynucleotides HPT® (Condrotide® Mastelli S.rl., Sanremo, Italy) and to compare the
results with historical outcomes obtained in a small cohort of patients treated with hyaluronic acid.

Study design

Patients: A total of 56 patients (32 male/24 female, mean age 62 years, range: 40-70 years) with OA of the ankle; 50 with
grade 1-2 and six with grade 3-4 OA on the Kellgren-Lawrence scale. Nine patients from the grade 1-2 subgroup had re-
ceived several intra-articular injections of a medium molecular weight hyaluronic acid (HA) gel on average 1 year before

receiving Polynucleotides HPT® and acted as a Historical Comparison Group.
Interventions: Patients received treatments as detailed in Figure 23.
Assessments: 42-item Foot and Ankle Outcome Score (FAOS) questionnaire (total score ranging between 0 and 100; the

higher the score, the better the foot or ankle status) at baseline and follow-up.

Condrotide® Group:

3 injections of Polynucleotides HPT® (Condrotide®, Mastelli S.r.l.), once a week

Figure 23. Study design. Graphic elaboration from text [19].

Results

The FAQS score increased from baseline to the end of fol-
low-up by 94.3% for patients with grade 1-2 disease and by
323.1% for those with grade 3-4 OA (Figure 24A). The in-
crease in the FAOS score at month 1 was higher in patients
treated with Polynucleotides HPT® in the Condrotide® Group
(80.7%, p<0.05 versus hyaluronic acid) than in the Histori-
cal Comparison Group treated with hyaluronic acid (67.8%)
(Figure 24B). After treatment with Polynucleotides HPT®, the
FAOS score increased after one month and remained stable
for the rest of the follow-up period (Figure 24C).

All patients reported less pain, a reduction in joint friction
noises and an improvement in range of motion.

Conclusions

Despite the limitations of a retrospective non-controlled
design, the study confirmed that intra-articular injections of
Polynucleotides HPT® (Condrotide®, Mastelli S.r.l, Sanremo, It-
aly) can be an alternative, and possibly a complement, to hy-
aluronic acid in the relief of symptoms and improvement of
Qol in patients with OA of the ankle. Functional improvement
measured by the FAQOS score at 1-month follow-up was more
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pronounced in patients with mild and moderate OA, i.e, grade  seen in patients with grade 3-4 disease, who would normally
1-2. However, a substantial FAOS score improvement was also  be candidates for joint replacement surgery.

Figure 24. Changes in FAOS score: A
from baseline to month 6 in patients 100 - i Baseline M End of follow-up
with grade 1-2 and 3-4 OA in the
Condrotide® Group (A); from baseline o 801
to month T in patients in the Historical g gz
Comparison Group (B); evolution of G, 604
FAQS score over the duration of the 23
follow-up in the Historical Comparison § g 40
Group (C). The Historical Comparison = $=_’
Group is a subcohort of the Condrotide® 20 1
Group treated with hyaluronic acid up
i ; 0 :
fol year before receiving Condrotide®. Grade 1-2 OA Grade 3-4 OA
Graphic elaboration from table [19].
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66 The study confirmed that Polynucleotides HPT® (Condrotide®) intra-articular injections

can be an alternative, and possibly a complement, to hyaluronic acid use in the relief
of symptoms and improvement of QoL in patients with OA of the ankle. 99
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3.5 Combined treatment with Polynucleotides HPT® and hyaluronic acid in the treatment of OA

3.5.1 Study by Dallari et al., 2020: a randomised double-blind controlled clinical trial of intra-articular
injections of combined Polynucleotides HPT®/hyaluronic acid versus hyaluronic acid alone
in the treatment of OA of the knee from the Rizzoli Orthopaedic Institute in Bologna.

Reference [24]: Dallari D, Sabbioni G, Del Piccolo N et al. Efficacy of intra-articular polynucleotides associated with
hyaluronic acid versus hyaluronic acid alone in the treatment of knee osteoarthritis: a randomized, double-blind, controlled
clinical frial. Clin J Sport Med. 2020;30(1):1-7.

Aim of the study
The aim of this study was to compare the outcomes of intra-articular injections of the combination of Polynucleotides HPT®/
hyaluronic acid (Condrotide® HA, Mastelli S.rl, Sanremo, Italy) versus hyaluronic acid alone in patients affected by OA of the knee.

Study design

Patients: A total of 98 out of 100 screened patients were enrolled (46 male/54 female, mean age 63.8 years, range: 50-75 years)
with OA of the knee; 49 patients were randomly assigned to the Condrotide® HA Group (Polynucleotides HPT®/hyaluronic acid)
and 49 to the Comparison Group (hylauronic acid). There were no differences between the groups regarding baseline demo-
graphic and disease characteristics.

Interventions: Patients received treatments as detailed in Figure 25.

Assessments: Knee Society Score (KSS) at all timepoints, Western Ontario and McMaster Universities (WOMAC) question-
naire at all timepoints.

Condrotide® HA Group:
3 injections of the combination of Polynucleotides HPT®/hyaluronic
acid (Condrotide® HA, Mastelli S.r.I.), one week apart (T0,T1,T2)
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Figure 25. Study design. Graphic elaboration from text [24].

Results

The total KSS score showed significantly better results in the
Condrotide® HA than in the Comparison Group (p<0.05 at T3,
T4, and p=0.009 at T5) (Figure 26A). The results were also
significantly better in the Condrotide® HA Group than in the
Comparison Group for the KSS Pain subscore at T3 and at T5
(p<0.05) (Figure 26B).

A significant decrease was observed for the WOMAC Pain
subscore between T0-T3, TO-T4 (p<0.0005), and TO-T5
(p<0.005) in the Condrotide® HA Group. In the Comparison

Group, a significant reduction of pain was observed between
T0-T3 and TO-T4 (p<0.05) but to a lesser extent than in the
Condrotide® HA Group (Figure 26C).

Conclusions

This was the first clinical study conducted as a randomised
double-blind controlled clinical trial that used intra-artic-
ular injections of a combination of Polynucleotides HPT®
and hyaluronic acid in a single formulation (Condrotide®
HA, Mastelli S.r.l,, Sanremo, Italy) for the treatment of OA of
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the knee and compared it to hyaluronic acid alone (lalart®).  acid treatment over hyaluronic acid alone in reducing
After 1 year of follow-up, the study showed the superi-  pain and improving overall knee function measured by
ority of the combined Polynucleotides HPT®/hyaluronic  the KSS score.
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Figure 26. Mean and 95% Cl of the improvements in the total KSS score (A), KSS Pain subscore (B) and WOMAC Pain subscore
(C) from baseline fo the indicated timepoints. * p<0.05 between experimental groups; °© p<0.05, °° p<0.005, °°° p<0.0005
between experimental times. Graphic elaboration from figures [24].

66 This was the first clinical study conducted as a randomised double-blind controlled clinical trial
that used a combination of Polynucleotides HPT® and hyaluronic acid in a single formulation
(Condrotide® HA) for the treatment of OA of the knee and compared it to hyaluronic acid alone. 99
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3.5.2 Study by Stagni et al., 2021: 2-year follow-up of the randomised double-blind controlled
clinical trial of intra-articular injections of combined Polynucleotides HPT®/hyaluronic acid versus
hyaluronic acid alone in the treatment of OA of the knee from the Rizzoli Orthopaedic Institute in
Bologna originally published by Dallari et al. in 2020.

Reference [25]: Stagni C, Rocchi M, Mazzotta A et al. Randomised, double-blind comparison of a fixed co-formulation of intra-

articular polynucleotides and hyaluronic acid versus hyaluronic acid alone in the treatment of knee osteoarthritis: two-year
follow-up. BMC Musculoskelet Disord. 2021;22(1):773.

Aim of the study

The aim of this study was to verify whether intra-articular injections of the combination of Polynucleotides HPT®/hyaluron-
ic acid (Condrotide® HA, Mastelli S.r.l, Sanremo, Italy) would reduce pain and restore function more than hyaluronic acid
(lalart®) alone in patients affected by OA of the knee and to assess whether such synergy persisted over a follow-up of 2
years. This study follows on from the study by Dallari et al.%%*.,

Study design

Patients: A total of 98 out of 100 screened patients were enrolled (46 male/54 female, mean age 63.8 years, range: 50-75 years)
with OA of the knee; 49 patients were randomly assigned to the Condrotide® HA Group (Polynucleotides HPT®/hyaluronic acid)
and 49 to the Comparison Group (hyaluronic acid). There were no differences between the groups regarding baseline demo-
graphic and disease characteristics.

Interventions: Patients received treatments as detailed in Figure 27.

Assessments: Western Ontario and McMaster Universities (WOMAC) questionnaire at all timepoints (WOMAC Pain — the
primary endpoint), Knee Society Score (KSS) at all timepoints.

s

3 injections of hyaluronic acid (lalart®, Mastelli S.r.1.), —
one week apart (T0,T1,72)
N J

Figure 27. Study design. Graphic elaboration from text [25].

S Condrotide® HA Group:

= 3 injections of the combination of Polynucleotides HPT®/hyaluronic 2 months (T3)
g acid (Condrotide® HA, Mastelli S.r.1.), one week apart (T0,T1,12) 6 months (T4)
§ . 12 months (T5)
o Comparison Group: 24 months (T6)
g —
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Results

Seventy-nine patients completed the 2-year study.

The reduction in WOMAC Pain score over time in the Con-
drotide® HA Group was greater than in the Comparison
Group and the two curves were statistically different (one-
way ANOVA, p=0.029). The separation of the two curves
occurred early and persisted over time (Figure 28A). The
other WOMAC subscores did not show differences between
the two groups. The item “Walking on a flat surface” and the

total WOMAC score tended to show more improvement in
the Condrotide® HA Group than in the Comparison Group.

The KSS total scores over the first year were always signifi-
cantly higher in the Condrotide® HA Group compared to the
Comparison Group at all follow-up assessments (p=0.02 at
T3 and p=0.001 at both T4 and T5) (Figure 28B). Fighty-sev-
en % of patients in the Condrotide® HA Group and 66% of
patients in the Comparison Group reported improvement of
joint pain over the follow-up period (Figure 28C). Mean KSS
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Figure 28. Study outcomes: difference between WOMAC pain score at any given point and baseline (A); evolution of the KSS
score over the follow-up of 2 years (B); percentages of patients in the two groups reporting improvement at the end of the 2-year
follow-up (C); change in KSS Pain subscore according to disease severity on the Kellgren-Lawrence scale (D). Graphic elabora-

tion from figures [25].

pain scores improved by 2 points and by 1 point in the Con-
drotide® HA Group and the Comparison Group, respectively,
in patients with grade 3 disease. The improvements were
similar in patients with grade 1 and 2 disease (Figure 28D).

Conclusions

The 2-year evolution of the WOMAC Pain subscale, the pri-
mary endpoint of this study, demonstrated a steady, long-
term improvement of knee pain related to OA in patients
treated with intra-articular injections of the combination of

oo

Polynucleotides HPT® and hyaluronic acid (Condrotide® HA,
Mastelli S.r.l, Sanremo, Italy). The benefit on pain reduction of
injection of the Polynucleotides HPT®/hyaluronic acid com-
bination versus hyaluronic acid alone was significant at all
timepoints and greater in patients with a higher baseline
severity of OA on the Kellgren-Lawrence scale. The study
outcomes confirmed the original finding by Dallari et al. that
Polynucleotides HPT® are a valuable complement to hyal-
uronic acid in the relief of pain and functional symptoms in
patients with OA of the knee.

The benefit on pain reduction of injection of the Polynucleotides HPT®/hyaluronic acid

combination (Condrotide® HA) versus hyaluronic acid alone was significant at all timepoints
and greater in patients with a higher baseline severity of OA on the Kellgren-Lawrence scale.
The study outcomes confirmed the original finding by Dallari et al. that Polynucleotides HPT®
are a valuable complement to hyaluronic acid in the relief of pain and functional symptoms

in patients with OA of the knee.
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Chapter IV — The use of Polynucleotides HPT® in special clinical
contexts

4.1 Clinical benefits of the use of Polynucleotides HPT® in osteoarthritis (OA)
of the temporomandibular joint

4.1.1 Study by Cenzato et al., 2024: a randomised single-blind 3-month study to compare the injections
of the combined formulation of Polynucleotides HPT®/hyaluronic acid with self-delivered physiotherapy
from the Department of Biomedical, Surgical and Dental Sciences of the University of Milan.

Reference [26]: Cenzato N, Crispino R, Russillo A, Tartaglia GM. Clinical effectiveness of polynucleotides TMJ injections
compared to physiotherapy. A 3 months randomized clinical trial. Br J Oral Maxillofac Surg. 2024;62:807-12.

Aim of the study

The aim of this study was to assess the clinical effectiveness of peri-capsular injection of Polynucleotides HPT® in combina-
tion with hyaluronic acid (Condrotide® HA, Mastelli S.r.l, Sanremo, Italy) in the improvement of signs and symptoms of OA
of the temporomandibular joint compared to clinical management with physiotherapy.

Study design

Patients: A total of 60 patients (25 male/35 female; mean age 53 + 13 years, range 22-65 years in the study group, and 58
+ 15 years, range 30-63 years in the control group) with OA of the temporomandibular joint; 30 patients were randomly
assigned to the Condrotide® HA Group (Polynucleotides HPT®/hyaluronic acid) and 30 to the Comparison Group (physio-
therapy).

Interventions: Patients received treatments as detailed in Figure 29.

Assessments: Changes in unassisted mouth opening, overbite, lateral movements of the mandible, subjective pain on VAS.

Vs

S Condrotide® HA Group:

:g 3 injections of the combination of Polynucleotides HPT®/hyaluronic acid 2 weeks (T1)

0 (Condrotide® HA, Mastelli S.r.1.), baseline (T0), 2 weeks (T1), 6 weeks (T2) 6 weeks (T2)

g 12 weeks (T3)

T Comparison Group: fromTO

é Self-delivered physiotherapy ’
Figure 29. Study design. Graphic elaboration from fext [26].
Results (the primary endpoint) showed a continuous increase from
Twenty-six patients in the Condrotide® HA Group and 25in  baseline to T3, but the increase with respect to TO was not
the Comparison Group completed the 2-year study. statistically significant (p=0.09 at T3). Maximum mouth

In the Condrotide® HA Group, maximum mouth opening  opening in the Comparison Group increased by 2.8% at
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Figure 30. Study outcomes: changes in maximum mouth opening (A) and lateral movements (B) from baseline to T3 in both
groups; evolution of subjective pain on VAS in the Condrotide® HA Group (p=0.006) (C); changes in subjective pain on VAS from
baseline to T3 in both groups (D). Graphic elaboration from text, table and figure [26].

T3 and this change was not significant compared to base-
line (within-group comparison). The difference between
groups at T3 was also not statistically significant (p=0.42)
(Figure 30A).

Lateral movements to the right and left increased by 42.5%
and 51.8%, respectively, in the Condrotide® HA Group and
by 30.4% and 8.3% in the Comparison Group. This increase
was significant on both sides in the Condrotide® HA Group.
The difference between groups was statistically significant
for the left side only (p=0.01) (Figure 30B).

Subjective pain on VAS decreased significantly from baseline
to T1 and continued to decrease at T2 and T3 in the Cond-
rotide® HA Group (p=0.006 at all timepoints) (Figure 30C).

66

The decrease observed at T3 for the Comparison Group was
statistically significant (p<0.001), and it was significantly less
than the Condrotide® HA Group (p<0.0001) (Figure 30D).

Conclusions

Articular peri-capsular injections of the Polynucleotides
HPT®/hyaluronic acid combination (Condrotide® HA, Mas-
telli S.r.l, Sanremo, Italy) represent a minimally invasive
procedure that effectively manages OA of the mandibular
condyle. Peri-capsular injections are easy to perform. Fol-
lowing treatment with the Polynucleotides HPT®/ hyaluronic
acid combination, both pain relief and an improvement of all
mandibular excursive movements were observed.

Following treatment with the Polynucleotides HPT/hyaluronic acid combination
(Condrotide® HA), both pain relief and an improvement of all mandibular excursive movements
were observed.

2
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Chapter V - Guidelines for the treatment of osteoarthritis

5.1 Overview of the principal guidelines

Based on the available evidence, the American College of
Rheumatology (ACR) made either strong or conditional
recommendations for or against the approaches evalu-
ated. Strong recommendations included exercise, weight
loss in overweight or obese patients with osteoarthritis (OA)
of knee and/or hip, self-efficacy and self-management pro-
grams, tai chi, use of a cane, hand orthoses for OA of the first
carpometacarpal joint, tibiofemoral bracing for tibiofemo-
ral knee OA, topical NSAIDs for knee OA, oral NSAIDs, and
intra-articular glucocorticoid injections for knee OA. ACR
recommends against a number of physical (e.g., transcu-
taneous nerve stimulation), psychosocial, and mind-body
approachest?’,

The European Society for Clinical and Economic Aspects of
Osteoporosis, Osteoarthritis and Musculoskeletal Diseases
(ESCEQ) promotes a basic principle and core set that states
that pharmacological and non-pharmacological therapies
should be combined. Similarly to ACR, ESCEO recommends
weight loss if overweight and an exercise programme. In
symptomatic patients, symptomatic slow-acting drugs in
OA (glucosamine and chondroitin sulphate) plus topical
NSAIDs, if still symptomatic, plus a referral to a physical
therapist to control malalignment. In severely symptomatic

patients, oral NSAIDs and intra-articular hyaluronic acid or
corticosteroids are recommended?®,

The Osteoarthritis Research Society International (OARSI)
developed a patient-centred treatment algorithm that incor-
porates cycles of assessment and treatment and considers
comorbidity profiles. Initially, the structure of the treatment
pathway is decided based of joint localisation (item 1) and
comorbidities (item 2). Clinical, emotional and environmental
factors constitute items 3 and 4. Primary options promoted by
OARS! are based on the strongest level of evidencel®”.,

5.2 Italian Sports Medicine Federation
2020 guidelines: intra-articular treatment
in athletes

Intra-articular therapy is common in athletes. The Italian
Sports Medicine Federation (FSMI) issued a consensus
statement on the indications and procedures of intra-articular
therapy in elite athletes. Polynucleotides HPT® are discussed
as one of the newer options for intra-articular treatment®”. In
particular, the consensus documents suggest faster re-
covery of joint function when patients are treated with
Polynucleotides HPT® compared with hyaluronic acid.
Also, Polynucleotides HPT® could be an option in pa-
tients who have failed to respond to hyaluronic acid®.
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Chapter VI — Safety and tolerability of Polynucleotides HPT®

Evidence on safety and tolerability of
Polynucleotides HPT® from clinical studies
The available studies, including biocompatibility
studies performed on the active ingredient, con-
sistently confirm the high safety and tolerability of
Polynucleotides HPT®. Since its market introduction
in 2008, more than 1,500,000 syringes have been
sold across various countries, with only one serious
adverse event (not directly related to the product)
and five non serious adverse events reported in
pharmacovigilance reports (Periodic Safety Up-
date Reports, Mastelli internal documents). Six of

the 14 studies described in Chapter Il reported no adverse
events[5,9,17,24—26].

Guelfi et al. described joint tenderness and effusion in a small
percentage of patients that resolved in 5 days with rest and
ice packs™. Five studies reported no serious or systemic ad-
verse events, but mild local pain or burning sensation at the
site of the injection that disappeared spontaneously after a
few (1-12) hours®2022 |n addition, Conforti et al. reported
laser-induced hyperthermia in some of their patients, and
Kim et al. listed three serious adverse events unrelated to
the study interventions3". One study did not publish their
safety analysisi#.
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Chapter VII — Products based on Polynucleotides HPT®
for intra-articular use

7.1 Condrotide® — product characteristics and indications for use

Condrotide®, gel for intra-articular infiltrations with Polynucleotides HPT®.

Characteristics: Condrotide® is a viscoelastic, transparent, colourless solution with Polynucleotides HPT®; it presents in the
form of a glass, pre-filled, sterile, non-pyrogenic, single-use syringe containing 2 mL of solution. The Polynucleotides HPT®
are highly purified, fish-derived and have a concentration of 20 mg/mL. Condrotide® is characterised by viscoelasticity and
by a pronounced potential to bind several molecules of water; it therefore makes it possible to lubricate and promote the
normalisation of the synovial fluid’s viscosity*,

Indications: Painful conditions that affect the joints and that can be attributed to degenerative, post-injury ailments or to
alterations of the joints®Z,

Dosage: As a guideline, unless decided otherwise by the physician, infiltrate 2 mL of product (40 mg of Polynucleotides
HPT®) intra-articularly once a week for 3 to 6 weeks.

7.2 Condrotide® HA — product characteristics and indications for use

Condrotide® HA, gel for intra-articular infiltrations with Polynucleotides HPT® and hyaluronic acid.
Characteristics: Condrotide® HA is a medical device with Polynucleotides HPT® at a concentration of 10 mg/mL and sodium
hyaluronate at the concentration of 10 mg/mL. It presents as a sterile, non-pyrogenic, viscoelastic solution packaged in a
single-use syringe containing 2.5 mL of solution. Polynucleotides are highly purified and resorbable substances of natural
origin and have viscoelastic abilities. Hyaluronic acid is one of the main components of the synovial fluid to which it confers
viscosity and elasticity. By improving the characteristics of the synovial fluid, Condrotide® HA protects the joints, promoting
both the improvement of joint functionality and the reduction of paint.,

Indications: Painful conditions that affect the joints and that can be attributed to degenerative, post-injury ailments or to
alterations of the joints®,

Dosage: The recommended treatment regimen involves 3 infiltrations in the joint to be treated, 1 to 3 weeks apart.

1.3 Corroborating evidence from Prof. Marelli

Prof. Marelli at the Istituto Ortopedico Gaetano Pini in Milan began to use Condrotide® in 2009 and has treated a total of
100 patients with knee osteoarthritis with pain lasting at least 2 months. Initially, the injections were performed at weekly
intervals (as indicated in the product insert). The dosing was later modified to intervals of 2 or 3 weeks. Prof. Marelli observed
that the injections performed at an interval of 3 weeks produced better long-term results than the outcomes obtained with
once-weekly injections. Moreover, the results showed superiority of Polynucleotides HPT® over hyaluronic acid. The results
lasted up to 1 year after treatment delivery®®,
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Chapter VIII — Conclusions on the use of Polynucleotides HPT®
in orthopaedics

« Polynucleotides HPT® are a mixture of natural DNA-derived macromolecules of different length obtained
from trout sperm using an original purification technology developed by Mastelli S.r.l. and denominated
High Purification Technology (HPT®).

« The available evidence supports the safety and tolerability of the intra-articular injections of Polynucle-
otides HPT® (Condrotide®, Mastelli S.r.l., Sanremo, Italy) and Polynucleotides HPT® in combination with
hyaluronic acid (Condrotide® HA, Mastelli S.r.l., Sanremo, Italy) in patients with osteoarthritis (OA).

« The use of medical devices containing Polynucleotides HPT® has been shown to favour the improvement
of pain and function of several joints including the knee, ankle, hip, shoulder and the temporomandibular
joint in patients with OA.

+ Some studies confirmed the superiority of the injections of Polynucleotides HPT® over injections of hyal-
uronic acid, especially as regards the parameters ‘pain’, ‘symptoms’ and ‘function in sport and recreation
activities’.

« The injections of Polynucleotides HPT® can be a useful alternative to the injections of linear high molecular
weight hyaluronic acid in the treatment of knee OA.

« The injections of Polynucleotides HPT® significantly relieve pain more and relieve pain faster in patients
with knee OA than classic and cross-linked hyaluronic acid, with improved health-related quality of life.

« The use of medical devices containing Polynucleotides HPT® may delay the need for joint replacement
surgery.
« The use of medical devices containing Polynucleotides HPT® results in a more rapid onset of action than

injections of hyaluronic acid.

« The injections of Polynucleotides HPT® have been shown to reduce NSAIDs consumption compared to the
injections of hyaluronic acid.

« The injections of the combination of Polynucleotides HPT® and hyaluronic acid were superior to hyaluronic
acid alone in favouring pain and function improvement in patients with OA.

« Treatment with Polynucleotides HPT® in athletes can result in a faster recovery than treatment with hyal-
uronic acid or be used in patients resistant to hyaluronic acid.
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Chapter IX - Clinical cases

Here we present a selection of clinical cases that benefited from the treatment with Condrotide® or Condrotide® HA

in the real-world setting.

9.1 Case 1 - Treatment of bilateral temporomandibular joint osteoarthrosis with
peri-capsular injections of Polynucleotides HPT® and hyaluronic acid (Condrotide® HA)

Niccold Cenzato, Roberta Crispino, Antonio Russillo, Massimo Del Fabbro, Gianluca Martino Tartaglia
University of Milan, Department of Biomedical, Surgical and Dental Sciences and Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico,

Maxillo-Facial Surgery and Dental Unit, Milan, Italy

Case presentation

A patient suffering from temporomandibular joint (TMJ) os-
teoarthrosis, referred to the Orthodontics and Gnathology
Department of Ospedale Maggiore Policlinico (Milan, Italy),
presented to our clinic. A thorough medical history, includ-
ing personal and family history, was acquired together with
relevant data such as age, height, weight, and lifestyle habits.
No significant findings were noted from a systemic perspec-
tive. However, the patient reported two past episodes of TMJ
locking, both of which resolved spontaneously.

A gnathological examination was performed according to
protocol no. 173901, approved by the Ethics Committee of
Fondazione IRCCS Ca’ Granda (Ospedale Maggiore Policlini-
o, Milan, Italy). Measurements of maximum mouth open-
ing and lateral movements were taken, and the patient was
asked to provide a VAS pain score. A magnetic resonance
imaging (MRI) scan of the TMJ and a surface electromyo-
graphy test were requested for further assessment.

The patient was clearly and thoroughly informed about the
study methods and implications before enrolment, and writ-
ten informed consent was obtained. The diagnosis was made
of bilateral TMJ osteoarthrosis with a limited mouth opening
of 30 mm and restricted lateral movement of 4 mm on both
sides. The reported pain level on the VAS score was 6/10.

Treatment and clinical course
Peri-capsular injection of T mL of Polynucleotides HPT® and

Figure 31. Cenzato-Russillo Injection Technique. While the
mandible is in an open and protruded position, palpation of the
preauricular area is performed to locate the lateral pole of the
condyle, and the first injection is administered posteriorly o the
condyle at an acute angle (45°). Then, while the mandible is
in a closed position, the TMJ is located through palpation and
the second injection is administered anteriorly to the TMJ at an
acute angle (45°).




hyaluronic acid solution (Condrotide® HA, Mastelli S.r.l., San-
remo, Italy) was administered at the cutaneous tragal point
between the condyle and glenoid fossa. This was a peri-cap-
sular injection with dual access, without perforation of the
capsule and without anaesthetic, using a standardised tech-
nique (Figure 31). The patient received three injections (T0,
T1and T2) in accordance with the Condrotide® HA leaflet, as
advised in the ‘dosage’ section.

After each of the three injections, the parameters were remea-
sured. An increase in maximum mouth opening was already
observed after the second dose: 37 mm after the second and
38 mm after the third. The patient’s reported pain also im-
proved, decreasing from 6/10 to 3/10 after the third injection.
At the 6-month follow-up, the values remained stable.
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Discussion and conclusions

These observations suggest that peri-capsular Con-
drotide® HA injection may effectively control and
alleviate the symptoms of osteoarthrosis and osteo-
arthritis without the need for invasive procedures
or discomfort for the patient. TMJ osteoarthritis is a
complex disease in which degenerative changes in the car-
tilage and bone develop through intricate mechanismsi>=",
It is noteworthy that this treatment also shows promise in
improving the mobility of compromised joints'®. A longer
follow-up would be valuable to assess the long-term effects
and to better understand the mechanism of action of this
substance.

9.2 Case 2 - Conservative management of degenerative medial meniscus lesion
in a professional dancer with intra- and peri-meniscal Polynucleotides HPT® (Condrotide®)

injections: a case report
Giuseppe Anzillotti, Pietro Conte, Elizaveta Kon

IRCCS Humanitas Research Hospital, Rozzano, Milan, Ifaly and Department of Biomedical Sciences, Humanitas Universify, Milan, Ifaly

Case presentation

A 47-year-old male professional dancer, 75 kg, 180 cm, with
a silent past medical history, presented with progressively
worsening right medial knee pain for two months, rated
at 4/10 on the VAS and unresponsive to non-steroidal an-
ti-inflammatory drugs. The Knee Injury and Osteoarthritis
Outcome Score (KOOS), International Knee Documentation
Committee (IKDC) score and Tegner activity score were 45,
40 and 3, respectively. No catching or locking-like symptoms
were reported. The patient had no history of recent trauma
and was willing to pursue his career in dancing. Physical ex-
amination revealed pain during palpation of the posterior
medial joint line, no joint effusion, antero-posterior stability
and a range of motion (ROM) from 0° to 130° with pain in
full flexion. The patient demonstrated a positive McMur-
ray's and Apley’s test. Magnetic resonance imaging (MRI)
was performed and demonstrated a degenerative lesion
in the posterior root of the medial meniscus and a modest
effusion; other structures exhibited no signs of abnormality
(Figure 32).

Figure 32. The right knee MRI shows degenerative changes in
the posterior root of the medial meniscus (sagittal view).
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Treatment and clinical course

After discussion of the possible treatment options, the pa-
tient underwent conservative treatment involving a com-
bination of physical therapy and three peri-meniscal Poly-
nucleotides HPT® (Condrotide® Mastelli S.r.l, Sanremo, Italy)
injections, administered at 2-week intervals. Following the
third injection, pain reduced significantly to sporadic, mild
discomfort (VAS 2/10). Within a month after the last injec-
tion, the patient resumed dancing, progressing to full prac-
tice without pain, and after one year he reported stable pain
reduction and full ROM. At 4-year follow-up evaluation the
patient reported no pain and no discomfort in the right knee,
and the KOOS, IKDC and Tegner activity scores recorded the
highest values of the scales.

Discussion and conclusions

This case supports the utility of Polynucleotides HPT®
injections in managing degenerative meniscal le-
sions in professional athletes in the absence of
mechanical symptoms, allowing for pain reduction
and functional recovery without surgical interven-
tion. Polynucleotides HPT® injections, as reported in recent
studies, offer an effective alternative for pain management
in degenerative meniscal pathology, promoting improved
biomechanics and tissue healing through their viscoelastic
and biochemical properties®*#331 This case highlights the
effectiveness of modern conservative treatments in achiev-
ing lasting functional benefits for patients affected by de-
generative meniscal lesions.

9.3 Case 3 - Efficacy of intra-articular Polynucleotides HPT® (Condrotide®) injections
in the treatment of knee osteoarthritis in an elderly patient with obesity and comorbidities:

a case report

Francesco Fiacchi, Giulia Lodi
Orthopaedics and Trauma Division, Suzzara Hospital, Mantova, Ifaly

A 68-year-old woman presented with persistent bilateral
knee pain lasting more than six months. She reported sig-
nificant discomfort over the anterior and lateral aspects of
both knees, which intensified with standing or squatting.
The patient had no history of trauma and had a BMI of 37.
Her comorbidities included insulin-treated diabetes, venous
insufficiency in the right leg, and obesity (Figure 33).
Radiography revealed grade 3 knee valgus osteoarthritis.
Upon physical examination, there were no signs of swelling,
warmth, or redness in the knees. Crepitus was noted during
flexion and extension, and the patient exhibited bilateral
valgus deformity and quadriceps wasting, though her gait
was normal.

The Lequesne index score was 13/24, reflecting nocturnal pain
without movement, 15 minutes of morning stiffness, pain when
standing, walking, or rising from a chair, a maximum walking
distance of 1 km without assistance, and moderate difficulties
while walking and significant difficulty when going down stairs.
The Numeric Pain Rating Scale (NPRS) score was 7/10.

The patient had no relief from non-steroidal anti-inflammato-

ry drugs (NSAIDs) and, due to decompensated diabetes, cor-
ticosteroid injections were avoided. Given her acute venous

insufficiency, no surgical intervention was considered. The

Figure 33. Obese patient with bilateral valgus knee and vascu-
lar insufficiency in the right leg.




treatment plan consisted of three intra-articular injections of
Polynucleotides HPT® (Condrotide®, Mastelli S.r.l, Sanremo,
Italy) administered every two weeks. The follow-up period
was set for one month after the final injection.

Results

Two weeks after the first injection the patient reported that
the knee pain had improved by about 50%, and that the
improvement lasted for almost a week. Then the pain reap-
peared while walking, but no pain appeared at night.

Two weeks after the second injection she reported that the
knee pain had improved almost completely for almost two
weeks. The pain reappeared slightly while walking.

One month after the third injection she reported that the
knee pain had improved almost completely. The pain did
not reappear while walking, rising from a chair, or at night.
She mentioned a temporary discomfort during squatting for
a few seconds.

During treatment she did not take any other medication such
as pain killers or NSAIDs.

No adverse reactions occurred.
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Discussion and conclusions

Knee pain associated with osteoarthritis is a common and
debilitating condition that significantly affects patients’
quality of life, with a notable impact on daily functioning.
The management of this condition requires effective, safe,
and well-tolerated therapeutic approaches capable of pro-
viding long-lasting relief and improving joint functionality.
Intra-articular Polynucleotides HPT® injections have proved
to be an interesting therapeutic modality for knee osteo-
arthritis®”, as confirmed by the results of the presented
clinical case.

The data collected suggest that Polynucleotides
HPT® can promote a significant improvement not
only in joint pain but also in functional abilities,
with the effect lasting beyond the immediate
post-treatment period. Specifically, the treatment
led to a substantial reduction in pain and an im-
provement in daily activities, such as walking and
rising from a chair, without the need for analgesics
or NSAIDs, and without any report of significant
side effects.

9.4 Case 4 - Conservative management of bilateral patellofemoral dysplasia in a young
track and field athlete using intra-articular Polynucleotides HPT® (Condrotide®) injections:

a case report
Francesco Pezzillo

Orthopaedics and Trauma Division, San Carlo di Nancy Hospital, Rome, Ifaly

Case presentation

A 16-year-old male professional track and field athlete, 65
kg, 178 cm, with a silent past medical history, presented with
progressively worsening bilateral patellofemoral dysplasia
with pain for 6 months, rated at 6 on the Visual Analogue
Scale (VAS) and unresponsive to non-steroidal anti-inflam-
matory drugs (NSAIDs) (ibuprofen for 3-4 months, pain relief
only at rest). The patient had no history of recent trauma
and his symptoms were probably related to overuse due to
sport activity.

Physical examination revealed a slight patellar misalignment,
pain on palpation, no joint effusion, no sign of inflammation
or swelling, antero-posterior stability and complete range of

motion (ROM) from 0° to 110° with pain in full flexion. Mag-
netic resonance imaging (MRI) was performed and demon-
strated bilateral patellofemoral dysplasia with no laxity or
patellofemoral luxation.

Treatment and clinical course

After discussion of the possible treatment options available,
the patient underwent conservative treatment involving a
combination of physical therapy and three intra-articular
Polynucleotides HPT® (Condrotide® Mastelli S.r.l.,, Sanremo,
Italy) injections, administered at two-week intervals. Fol-
lowing the third injection, pain reduced significantly VAS 0.
Within a month after the last injection, the patient resumed
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Figure 34. The MRI shows an improvement in cartilage troph-
ism with increased thickness, greater signal homogeneity, and
reduced surface irregularities, suggesting a regenerative effect
in a young athlete.

sport activities, progressing to full practice without pain
and without use of NSAIDs. Figure 34 shows MRI scan
after treatment.

Discussion and conclusions

This case underscores the efficacy of Polynucleotides HPT®
injections in managing pain and facilitating functional re-
covery in professional athletes, particularly when mechani-
cal symptoms are absent. Recent studies have demonstrated
that Polynucleotides HPT® injections provide an effective
alternative for treating chondropathies by enhancing bio-
mechanics and supporting tissue healing through their
viscoelastic and biochemical properties®”. This example
highlights the potential of modern conservative
treatments to deliver sustained functional improve-
ments in young athletes with bilateral patellofem-
oral dysplasia.

9.5 Case 5 - Effectiveness of intra-articular Polynucleotides HPT® (Condrotide®) injections
in managing shoulder osteoarthritis with chronic rotator cuff tears

Carmela Chinni', Valerio Anania?

1 San Giovanni Addolorata Hospital, Rome, Ifaly

2 San Filippo Neri Hospital, Rome, Italy

Case presentation

Shoulder osteoarthritis, often complicated by chronic rotator
cuff tears, is a debilitating condition that results in severe
pain, reduced range of motion, and diminished quality of
life. This case series evaluates the combined effect of Poly-
nucleotides HPT® (Condrotide®, Mastelli S.r.l., Sanremo, Italy)
injections and physiotherapy in a cohort of 12 patients.
Twelve patients (7 male and 5 female) aged 55 to 75 years
(mean age 65) with chronic shoulder pain and reduced
function due to osteoarthritis and chronic rotator cuff tears
were retrospectively analysed. All patients had experienced
persistent pain and limited shoulder function for over six
months. Figures 35 and 36 show X-ray images of a patient
with shoulder osteoarthritis.

Treatment and clinical course
The therapeutic protocol included:

Figure 35. Patient with shoulder osteoarthritis. X-ray in anfero-
posterior projection.




Figure 36. Patient with shoulder osteoarthritis. X-ray in lateral
projection.

« Intra-articular injections: one injection of Polynucle-
otides HPT® every three weeks.

« Physiotherapy: a structured six-week program starting
the day after the first injection, focused on postural exer-
cises and joint mobility recovery.

Outcomes were measured using the following:

- Pain assessment: VAS (0-10).

« Shoulder function: Constant-Murley Score (CMS).

- Patient satisfaction: Qualitative survey at the end of
treatment.

A historical control group treated solely with physiotherapy

was used for comparison.
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At the six-week follow-up, patients who received Polynu-

cleotides HPT® injections combined with physiotherapy

demonstrated significant improvements compared to base-

line:

« Pain reduction: VAS scores decreased from an average
of 75+ 1.2t02.3 + 1.0 (p<0.01).

» Functional improvement: CMS increased from 35 + 5
to 70 + 8 (p<0.01).

- High satisfaction rates: 92% of patients reported being
very satisfied with their treatment.

Compared to the control group (which received only physio-

therapy), patients in the Polynucleotides HPT® group showed

faster pain reduction (within two weeks) and greater im-

provements in CMS at six weeks (+15 points on average).

Discussion and conclusions

The combination of intra-articular Polynucleotides HPT® in-
jections and physiotherapy has proved effective in alleviat-
ing pain and improving shoulder function in patients with
chronic rotator cuff tears and osteoarthritisi*40#2, The effects
of Polynucleotides HPT®, combined with the biomechanical
benefits of physiotherapy, likely contributed to these positive
outcomes.

This case series supports a multimodal approach to man-
aging shoulder osteoarthritis, particularly in complex cases
involving chronic rotator cuff tears. The findings highlight the
potential of Polynucleotides HPT® injections as an adjunct to
standard physiotherapy, facilitating a faster and more com-
prehensive recovery.

Intra-articular Polynucleotides HPT® injections com-
bined with physiotherapy offer a safe and effective
strategy for managing shoulder osteoarthritis with
chronic rotator cuff tears. This approach not only ac-
celerates recovery but also improves overall patient
outcomes compared to physiotherapy alone, provid-
ing a valuable option for enhancing the quality of
life in affected individuals.
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Appendix — Outcome measures used by the cited studies

Constant-Murley Scale is a simple standardised method for clinical assessment of shoulder function on a scale from 0 to
100 points; the higher the score, the better the function. The scale assesses four aspects related to shoulder pathology, two
of which subjective (pain and activities of daily living [ADL]) and two objective (range of motion [ROM] and strength). The
subjective components can receive up to 35 points and the objective ones 65, resulting in a possible maximum total score
of 100 points. Pain and ADL are answered by the patient; ROM and strength require a physical evaluation and are answered
by the orthopaedic surgeon or the physiotherapist™.

Davies isokinetic testing uses a variety of protocols ranging from power to endurance tests in an athlete with shoulder
injury. Isokinetics means that exercise is performed at a fixed velocity with an accommodating resistance. Isokinetic exercise
with an accommodating resistance is the only way to dynamically load a muscle to its maximum capacity at every point
throughout the range of motion'?.

EQ-D5 (EuroQol Group-5 level) tool is a concise, generic measure of self-reported health which is accompanied by weights
reflecting the relative importance to people of different types of health problems. It is made up of two parts: a descriptive
part one and a visual analogue scale part two to assess the respondent’s overall health on a scale from 0 (worst imaginable
health) to 100 (best possible health)=.

FAOS (Foot and Ankle Outcome Score) is a 42-item questionnaire assessing patient-relevant outcomes in five separate
subscales (Pain, Other Symptoms, Activities of Daily Living, Sport and Recreation Function, Foot- and Ankle-Related Quality
of Life). Each subscale’s score is derived by adding up all of the subscale’s individual scores and dividing the result by the
subscale’s maximum score. The normalized score is converted to a scale of 0 to 100, with 100 denoting no problems and 0
denoting severe problemst®.,

KOOS (Knee Injury and Osteoarthritis Outcome Score) is an extension of the WOMAC. The KOOS's five patient-relevant dimen-
sions are scored separately: Pain (9 items); Symptoms (7 items); Activity of Daily Living (ADL) Function (17 items); Sport and Rec-
reation Function (5 items); Quality of Life (4 items). A Likert scale is used, and all items have five possible answer options scored
from 0 (no problems) to 4 (extreme problems). EFach of the five scores is calculated as the sum of the items included. Scores are
then transformed to a 0-100 scale, with zero representing extreme problems and 100 representing no problems with the knee®,
KSS (Knee Society Score) is made up of two components: State of the Knee (7 items) and Functionality (3 items). The first
one evaluates pain, range of motion and stability; the second analyses gait for 100 m, going up and down stairs and the use
of walking aids. Components have a maximum score of 100 (optimum state of the patient)®.

Lequesne index of severity for osteoarthritis of the hip is an 11-item questionnaire designed to obtain information of a
subjective nature, from patients, about their diseased hip. The index score ranges from 1 to 24 points based on summed
responses to 11 items. The higher the score the worse the condition of the hip joint (e.g., >14 extremely severe)"”.

VAS (Visual Analog Scale) is most commonly a straight 100-mm line, without demarcation, that has the words “no pain” at
the left-most end and “worst pain imaginable” (or something similar) at the right-most end. Patients are instructed to place
a mark on the line indicating the amount of pain that they feel at the time of the evaluation. The distance of this mark from
the left end is then measured, and this number is used as a numeric representation of the severity of the patient’s pain, often

converted to a 1-10 scale®.,
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WOMAC (Western Ontario and McMaster Universities) is a 24-item, condition-specific questionnaire to be used for hip and
knee osteoarthritis first published in 1982. The WOMAC consists of three subscales: Pain (5 questions), Stiffness (2 questions),
and Physical Function (17 questions). The subscale scores can vary, with Pain ranging from 0 to 20 points; Stiffness, 0 to 8
points; and Physical Function, 0 to 68 points. Higher scores represent worse pain, stiffness, and functional limitations®.
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