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Patient-reported health outcomes for severe knee osteoarthritis
after conservative treatment with an intra-articular cell-free
formulation for articular cartilage regeneration combined with

usual medical care vs. usual medical care alone:
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Abstract. Osteoarthritis (OA) is a major public health problem
characterized by joint pain, fatigue, functional limitation
and decreased quality of life of the patient, which results in
increased use of healthcare services and high economical costs.
A promising novel bioactive cell-free formulation (BIOF2) for
cartilage regeneration has recently been tested in pre-clinical and
clinical trials, and has demonstrated a success rate similar to that
of total joint arthroplasty for the treatment of severe knee OA. The
present study evaluated the efficacy of treatment with BIOF2, by
including it within a conservative regimen of ‘usual medical care’
of knee OA, and whether its efficacy was affected in subgroups
of patients presenting with comorbidities that exacerbate OA. A
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prospective, randomized, 2-arm parallel group phase III clinical
trial was conducted, which included 105 patients in the ‘usual
medical care’ group (paracetamol/NSAIDs and general care
provided by the family physician) and 107 patients in the BIOF2
group (usual medical care + intra-articular BIOF2 application
at 0, 1 and 2 months). Two aspects were evaluated at 0, 6 and
12 months: i) Minimal clinically important improvement (MCII),
based on 30% improvement of pain from the baseline; and ii) the
Patient Acceptable Symptom State (PASS), a questionnaire that
determines patient well-being thresholds for articular pain and
function. Adverse effects and regular NSAID use were registered.
At 12 months, BIOF-2 treatment produced MCII in 70% of the
patients and >50% achieved PASS. Excluding the patients with
class 2 obesity or malalignment conditions (genu varum or
genu valgum >20 degrees), the experimental treatment produced
MCII and PASS in 100 and 92% of patients, respectively,
compared with 25 and 8% in the group of usual medical care
(P<0.001). No patient with malalignment and treatment with
BIOF?2 achieved PASS. Notably, there were no serious adverse
effects. To conclude, BIOF2 is a safe therapeutic alternative
that is easy to implement together with usual medical care for
knee OA. Trial registration: Cuban Public Registry of Clinical
Trials (RPCEC) Database RPCEC00000277. Retrospectively
registered June, 2018.
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Introduction

Osteoarthritis (OA) is recognized as a major public health
problem, characterized by joint pain, fatigue, functional limi-
tation, and decreased quality of life of the patient, leading to
increased use of healthcare services and consequent economic
burden (1). In older persons, the knee is the joint most commonly
affected by pain usually attributed to OA. In a survey of adults
50 years of age and older, nearly half of them reported having
pain for a period of one year (2). Its incidence is rising due to
increasing obesity and the ageing of the population (3). The
inability to walk due to symptomatic knee OA has been associ-
ated with all-cause mortality (4). The high prevalence of such
a condition and its impact in terms of disability, mortality, and
economics, make the search for effective therapeutic alterna-
tives of easy implementation a priority.

Apart from education and exercise, the only available
nonsurgical treatments are directed at symptoms, primarily
to alleviate pain and enhance daily activities and quality
of life (5,6). In cases of advanced disease or ineffective
conservative therapy, a recommended option is total joint
arthroplasty (TJA), which consists of replacing the articula-
tion with a prosthesis. However, such surgical treatment is
costly (7-9), and there is frequently a long waiting list for
patients utilizing public healthcare systems.

A promising novel, bioactive cell-free formulation (BIOF2)
for articular cartilage regeneration, has recently been tested
in preclinical and clinical trials (10,11). The intra-articular
application of BIOF2 significantly increased cartilage thick-
ness (12-38%) in different OA animal models, compared with
articular cartilage treated with saline solution (11). BIOF2 is
a mixture whose main components are a corticosteroid and
organic acids (10). Corticosteroids are bioactive substances
that possibly facilitate tissue atrophy and joint destruction
when acting alone (12). On the other hand, in in vitro trials
with articular cells, different organic acids, such as retinoic
acid or ascorbic acid, have been shown to increase the
expression of genes related to chondrogenesis (13,14) and
osteogenesis (15). Even though it has been proven that those
acids promote differentiation into bone cells (15-18), their
capacity to generate, on their own, a morphologic differentia-
tion into cartilage cells is a topic of debate (19,20). However,
when those acids are combined with other co-factors, they aid
in the process of differentiation into chondrocytes (14,21-23).
According to previous reports of in vitro trials on animal
models and human patients (11,24), the combination of the
compounds present in BIOF2 act in synergy to modify the
intra-articular microenvironment and stimulate articular
regeneration by producing molecular and morphologic
alterations in synovial fluid cells and chondrocytes (11).

The results of a previous clinical trial showed the
intra-articular application of BIOF2 to be well-tolerated,
with a success rate similar to that of total arthroplasty for the
treatment of severe knee OA. Success was correlated with an
average 22% increase in articular cartilage (24). However, the
present study is the first to evaluate treatment with BIOF2 in
patients with severe knee OA that are treated within the public
healthcare system and receive conservative ‘usual medical
care’ (paracetamol/NSAIDs and general care provided by
the family physician) before entering into a TJA program
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or other therapeutic option. In the general population, there
are subgroups of patients with comorbidities that exacerbate
knee OA, such as genu varum or genu valgum malalignment
greater than 20 degrees and/or class 2 obesity [body mass
index (BMI) of 35-39]. To determine the limits of this new
treatment, it is important to know whether BIOF2 is effective
when included as part of a conservative usual medical care
regimen and if its efficacy is affected in subgroups of patients
with comorbidities.

Therefore, the present study was designed to randomly
select patients undergoing usual medical care, for the addition
of treatment with BIOF2 and compare them with a control
group that only underwent usual medical care. The utilized
regimen was that most frequently carried out at the majority of
public healthcare centers in Mexico and other countries, which
consisted of nonsteroidal anti-inflammatory drugs (NSAIDs)
and/or paracetamol prescription. That is the therapy generally
given to patients with severe knee OA, while they wait for
other therapeutic options.

Patients and methods

Study design. A prospective, single-blind, 2-arm, parallel
group, randomized phase III clinical trial was conducted
between March 2016 and March 2018. The study was carried
out according to the ‘CONSORT statement’ guidelines for
randomized controlled trials.

The present study was approved by the ethics committee
of the Cancerology State Institute of the Colima State Health
Services, Mexico, and written informed consent was obtained
from all the participants. The present clinical trial was regis-
tered as ARTROTX-II/III: RPCEC00000277 in the Cuban
Public Registry of Clinical Trials (RPCEC) database.

Study subjects. The inclusion criteria were: Patients =40 years of
age, with a BMI <39 kg/m? and knee OA, according to the diag-
nostic criteria of the American College of Rheumatology (25).
The target knee was defined as the more symptomatic knee
(with a pain score of at least 5 on the 0-10 Visual Analog Scale
[VAS] for at least 6 months before enrollment in the study).
The patients had to be under usual medical care, based on
paracetamol/NSAIDs, prescribed by their family physician.
In short, they were patients with significant symptoms and/or
functional limitations associated with reduced health-related
quality of life. The exclusion criteria were: having received some
type of intra-articular treatment within the 12 months prior to
the study, a history of knee surgery, inflammatory polyarthritis,
fibromyalgia, chronic fatigue syndrome, thromboembolic
disease, hemorrhagic blood disease, Hb <80 g/, neuromuscular
disease, cancer, metabolic bone disease, alcoholism, drug addic-
tion, or class 3 obesity (BMI of 40 or higher) (26). Participants
were recruited from primary and secondary healthcare centers
in the State of Colima, Mexico. The efficacy evaluations and
intra-articular BIOF2 application were performed at the Centro
Hospitalario Union (a Secondary Healthcare Center) located
in the State of Colima, Mexico.

A total of 237 patients were randomly allocated to the
intra-articular BIOF2 group or the control group of usual
medical care (paracetamol/NSAIDs) prescribed by the
family physician. Randomization was performed using
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computer-generated random allocation cards, and patients were
assigned to one of the 2 groups. The process was conducted
by researchers that did not participate in the evaluation of the
results. It should be made clear that before their inclusion in the
study, all the patients were under the care of their family physi-
cian and receiving the standard paracetamol/NSAID-based
treatment for OA control. It was explained to all the patients
that they were candidates for other established treatments,
such as arthroplasty or viscosupplementation, and could exit
the present study at any time to receive another treatment,
whether through a government public healthcare program or
through private resources.

BIOF?2 administration. BIOF2 is a patented formulation for
cartilage regeneration whose main components are a corti-
costeroid and organic acids (10). The BIOF2 manufacturing
process was performed by Esteripharma Mexico (Mexico
City, Mexico), according to the GMP (Good Manufacturing
Practices) for pharmaceutical products for use in clinical trials.

BIOF2 was administered on three occasions at 1-month
intervals (at month O, 1, and 2). It was an outpatient proce-
dure performed at a traumatology or orthopedics consultation
office, as previously described. With the patient in a seated
position and the treatment knee flexed at O degrees, BIOF2
was injected into the knee joint space, under sterile prep condi-
tions. The area of injection was inferior lateral to the patella, at
the lateral level of the joint line. The injection was performed
with a 1.5-inch 20-gauge needle, passing through the fat pad
to the firm surface of the intercondylar notch. Following the
withdrawal of the needle, a cotton ball soaked in alcohol was
placed with pressure at the injection site, after which the site
was covered with a sterile dressing (BandAid). The patient
could carry out his or her normal activities immediately
after the procedure, with no special indications. All patients
continued to be seen by their family physician for general
care, healthy lifestyle promotion, and if necessary, continued
taking the paracetamol/NSAID-based treatment regimen,
with no intervention from the researchers in relation to drug
prescription or lifestyle indications. In addition, the patients
were referred to the physiotherapy and rehabilitation service.
Those with genu varum or genu valgum malalignment were
prescribed a 6-mm external or internal insole, respectively, as
part of their treatment.

Usual medical care. That group of patients continued with
the usual treatment prescribed by their family physician. It
consisted of paracetamol/NSAID use and the promotion of a
healthy lifestyle. The researchers did not intervene in relation
to drug prescription or lifestyle indications. The patients were
also referred to the physiotherapy and rehabilitation service. A
6-mm external or internal insole was prescribed to the patients
with genu varum or genu valgum malalignment, respectively,
as part of their treatment.

Outcome measures and follow-up. There were 3 co-primary
endpoints, assessed as the change from the baseline, or more
exactly, the difference between the values at enrollment and at
6 and 12 months. One endpoint was the maximum pain upon
movement during the week before the follow-up visit, measured
on the 0-10 Visual Analog Scale (VAS) (27). Intensity of joint
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pain was recorded, from ‘no pain’ (score of 0) to ‘worst imag-
inable plain’ (score of 10). The VAS was selected because it is
currently the validated scale that best evaluates pain in diseases
presenting with arthralgia (28,29), and it has also been used as
a primary endpoint in other clinical trials on OA (30). Another
endpoint was the number of patients achieving minimal clini-
cally important improvement (MCII), defined as the smallest
change in measurement that signifies important improvement
in a patient's symptom (27). It was calculated through a dichot-
omous score per outcome, based on 30% improvement of pain
from the baseline, as previously described in different clinical
trials (27,31-34). The third endpoint was the Patient Acceptable
Symptom State (PASS), defined as the value of symptoms the
patient considers to be the thresholds of well-being for pain
and function. Our study incorporated the most widely used
anchoring question to identify PASS cut-off points, which
was: ‘Taking into account all your daily activities, do you
consider your current state satisfactory in relation to pain level
and functional impairment?’ The response options were ‘Yes’
or ‘No’ (34). Treatment success was defined as the MCII or
PASS questionnaires answered in the affirmative at month 12
of follow-up. The secondary endpoints were change in daily
NSAID use at month 12 of follow-up and the register of all
adverse events, monitored by the researchers through anam-
nesis, and abnormal routine laboratory test results.

Blinding. Only the researchers that evaluated treatment
effectiveness through the VAS, MCII, and PASS instruments
answered by the patients, those that carried out the anamnesis
in relation to NSAID consumption, and those that performed
the statistical analyses were blinded.

Sample size. Sample size was calculated based on a 100%
increase in the number of patients with MCII at 12 months
in the BIOF2 group, compared with the control group
(paracetamol/NSAIDs=20% vs. BIOF2=40%). Eighty-one
patients from each group were required to reach the required
power (0.8), when the statistical analysis was performed at the
level of the 2-tailed alpha (0.05). That calculation was made
using the Sample Size Calculator for two independent study
groups with binomial primary endpoints (ClinCalc LLC;
http://clincalc.com/stats/samplesize.aspx).

Statistical analysis.Data were presented as the mean + standard
deviation (VAS) or percentages (MCII and PASS). For the
inferential statistics, normal data distribution was first deter-
mined using the Kolmogorov-Smirnov test and the equality
of variances was confirmed using the Levene's test. The VAS
pain quantification and other numerical data (BMI or age)
were compared between groups using the Student's t test. The
categorical values were compared using the Fisher's exact
test. The relative risk (RR) and 95% confidence interval were
calculated to determine the probability of achieving PASS
or of habitually using paracetamol/NSAIDs (at least once a
day), comparing the usual medical care group vs. the BIOF2
group. The statistical analyses were performed on the patient
total and compared between specific substrates to assess treat-
ment efficacy in patient subgroups [i.e., excluding patients
with genu varum or genu valgum malalignment greater than
20 degrees and/or class 2 obesity (BMI of 35-39)]. The statistical
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Assessed for eligibility (n=282)

Excluded (n=45)

.| * Did not meet inclusion criteria (n=28)
+ Declined to participate (n=17)

+ Other reasons (n=0)

Randomized (n=237)

h 4

Allocated to BIOF2 intervention (n=119)
+ Received allocated intervention (n=119)
+ Did not receive allocated intervention (n=0)

Allocated to usual medical care (n=118)
+ Received allocated intervention (n=118)
+ Did not receive allocated intervention (n=0)

h 4

Lost to follow-up (did not complete study visits)
(n=11)

Discontinued intervention (allergic reaction)

Lost to follow-up (did not complete study
visits) (n=6)

Discontinued intervention (chose another
therapy) (n=7)

(I"I=1]
Analysed (n=107)
+ Excluded from analysis (give reasons) (n=0)

Analyzed (n=105)
+ Excluded from analysis (give reasons) (n=0)

Figure 1. Consort 2010 flow diagram showing the number of patients screened, included, eliminated, and analyzed in the study.

analysis was carried out using the SPSS, version 20, software
(IBM Corp., Armonk, NY, USA), with the exception of the
RR, which was calculated using MedCalc v17.7.2 software
(MedCalc Software bvba, Ostend, Belgium) and the sample
size, which was calculated using the online ClinCalc software
(ClinCalc LLC; http://clincalc.com/stats/samplesize.aspx). A
2-sided P<0.05 was considered statistically significant.

Results

From the 282 patients screened, 237 were randomized into one
of the two study groups. A total of 107 patients in the BIOF2
group and 105 patients in the usual medical care control group
completed the study and were analyzed (Fig. 1). The clinical
characteristics of the patients are shown in Table I.

Tables II-IV shows the clinical evaluations of knee OA
throughout the 12-month follow-up. Only 14% of the patients in
the usual medical care group (paracetamol/NSAIDs) achieved
MCII in 12 months. In contrast, treatment with BIOF2 produced
important clinical improvement in 70% of the patients and
>50% of the patients achieved acceptable symptom state, which
was significantly higher than that found in the usual medical
care group. Treatment with BIOF2, in relation to usual medical
care, was associated with a 5-fold increased probability of
achieving MCII (RR=4.90, 95% CI: 3.0-7.9, P<0.001), and an

11-fold increased probability of achieving PASS (RR=11.18,
95% CI: 4.6-26.7, P<0.001). Furthermore, there was greater
therapeutic success with BIOF2 when patients with class 2
obesity and genu varum or genu valgum malalignment greater
than 20 degrees were excluded, resulting in MCII in 100% of
the PASS in 90% (Figs. 2 and 3). Even though BIOF2 treat-
ment significantly reduced pain in the patients with class 2
obesity and genu varum or genu valgum malalignment, its
efficacy in those subgroups was drastically reduced, given that
none of the BIOF2 group patients with malalignment achieved
acceptable symptom state and only 42% of the patients with
class 2 obesity treated with BIOF2 did (Fig. 2).

At the beginning of the study, all the patients required
daily paracetamol/NSAID use. The drug most frequently used
by each patient was distributed as follows: 40% diclofenac,
32% naproxen, 12% ketorolac, 9% paracetamol, and 7% cele-
coxib. 11% of the patients combined one of those drugs with
tramadol. At the 12-month follow-up, treatment with BIOF2
significantly reduced daily NSAID use (RR=0.42, 95% CI
0.34-0.53, P<0.001), compared with the usual medical care
group. Upon study completion, only 42% of the BIOF2 group
required habitual NSAID use, whereas 100% of the patients
in the usual medical care group required paracetamol/NSAID
use daily. Only 13% of the patients in the subgroup that had
no class 2 obesity and no malalignment that were treated with
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Table I. Distribution of the main clinical characteristics of the
study subjects.

Clinical characteristic NSAIDs BIOF2 P-value
Women (%) 60.0% 58.0% 0.43*
Age (years) 61.5+8.2 60.7+6.7 041°
BMI 31.9+4.0 32733 0.12°
Varus/valgus® 39.0% 32.7% 0.20°
Diabetes 22.8% 252% 0.40°
High blood pressure 32.4% 29.9% 0.40°

Percentages or averages and standard deviation are shown. BMI, body
mass index. *Fisher's exact test analysis. *Student's t test analysis.
“Varus/valgus deformity at the knee greater than 20 degrees.

BIOF2 required daily paracetamol/NSAID use at the end of
the study.

With respect to adverse effects, 90% of the patients treated
with BIOF2 presented with local joint pain of 8.0+0.9 intensity
(0 to 10 on the visual analogue scale) after BIOF2 applica-
tion. It lasted 98+45 sec and subsided spontaneously. In some
cases, pain radiated to the pelvis. One patient had an allergic
reaction to BIOF2, which was resolved with the use of oral
antihistamines. That patient was eliminated from the study
after the first application. Routine laboratory testing identi-
fied no significant abnormalities in either group. Abdominal
pain/discomfort was another frequently reported adverse
event (74.3% in the usual medical care group and 17.7% in the
BIOF2 group), for which the family physician of the majority
of the patients added H2-blockers or proton pump inhibitors to
prevent severe acute NSAID-related gastroduodenal damage.

Discussion

In patients with severe knee OA that were conservatively treated
with usual medical care based on paracetamol/NSAIDs, the
intra-articular application of a cell-free bioactive formula-
tion, BIOF2, produced clinically important and statistically
significant benefits. At 12 months, 70% of the patients treated
with BIOF2 achieved MCII, and in patients with no lower limb
malalignment, that figure was 100%. The best PASS result was
produced in 92% of the patients treated with BIOF2 that had no
class 2 obesity or malalignment. BIOF2 efficacy was reduced
in the patients with class 2 obesity, with PASS achieved in only
42%. None of the patients with genu varum or genu valgum
malalignment achieved a state of well-being.

The results of the present study are congruent with those
of a previous clinical trial demonstrating a similar success
rate of BIOF2 treatment to that of TJA (75%) at one year of
treatment (24). Prior preclinical and clinical trials showed
that BIOF2 was capable of increasing articular cartilage and
simultaneously reducing the histologic abnormalities caused
by OA (11). Joint cartilage was increased through the elevated
expression of SOX9, a transcription factor that is essential
for chondrocyte differentiation and cartilage formation (11).
The present study produced new data with respect to the
subgroup of patients that most benefitted from treatment with
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Table II. Comparison of VAS scores between patients treated
with NSAIDs and BIOF2 at 6 and 12 months following the
intervention.

A, All patients

Timepoint NSAID,n=105 BIOF2, n=107 P-value
Baseline 9.0+1.0 9.0+1.0 0.893
Month 6 8.5+1.2 39+33 <0.001
Month 12 8.7+14 4.1+43.5 <0.001
B, Patients with no class 2 obesity or malalignment
Timepoint NSAID, n=47 BIOF2, n=53 P-value
Baseline 8.8+1.2 9.1+1.1 0.211
Month 6 8.0+14 1.3+1.6 <0.001
Month 12 8.2+1.7 14+1.6 <0.001
C, Patients with class 2 obesity and malalignment

Timepoint NSAID, n=29 BIOF2, n=27 P-value
Baseline 9.1+0.7 8.9+0.8 0.230
Month 6 8.8+0.7 8.3+0.7 0.016
Month 12 9.2+0.6 8.4+0.6 <0.001
D, Patients with class 2 obesity and no malalignment
Timepoint NSAID, n=17 BIOF2, n+19 P-value
Baseline 9.2+0.9 9.3+0.9 0.814
Month 6 8.8+1.0 4.1+25 <0.001
Month 12 8.7+0.9 44+34 <0.001
E, Patients with malalignment and no class 2 obesity
Timepoint NSAID, n=12 BIOF2, n=8 P-value
Baseline 9.3+0.9 83+14 0.089
Month 6 9.0+1.1 6.1+1.2 <0.001
Month 12 92+14 7.6+0.5 0.007

Data is presented for all patients (A) and divided per group according
to absence or presence of obesity and/or malalignment (B-E). Data
were presented as the mean + standard deviation. A Student's t-test
was used for statistical analysis. VAS, maximum pain upon move-
ment during the week before the follow-up visit, measured on the
0-10 visual analog scale; NSAIDs, usual medical care with prescrip-
tion of paracetamol/nonsteroidal anti-inflammatory drugs; BIOF2,
usual medical care plus new therapeutic formulation; Malalignment,
genu varum or genu valgum malalignment greater than 20 degrees;
N, sample number.

BIOF2 and the limitations in patients with OA-exacerbating
comorbidities, such as obesity and lower limb malalignment.
With such data, family physicians can have a better idea of
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Table III. Comparison of the percentage of patients reaching
MCII among patients treated with NSAIDs and BIOF2 at
6 and 12 months following the intervention.
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Table IV. Comparison of the percentage of patients reaching
PASS among patients treated with NSAIDs and BIOF2 at
6 and 12 months following the intervention.

A, All patients

A, All patients

Timepoint NSAID, n=105 (%) BIOF2,n=107 (%) P-value

Timepoint NSAID, n=105 (%) BIOF2,n=107 (%) P-value

Month 6 12.4 729 <0.001
Month 12 14.3 70.1 <0.001
B, Patients with no class 2 obesity or malalignment
Timepoint NSAID, n=47 (%) BIOF2,n=53 (%) P-value
Month 6 234 100 <0.001
Month 12 25.5 100 <0.001
C, Patients with class 2 obesity and malalignment

Timepoint NSAID, n=29 (%) BIOF2,n=27 (%) P-value
Month 6 0.0 00 -
Month 12 0.0 0.0 -

D, Patients with class 2 obesity and no malalignment
Timepoint NSAID,n=17 (%) BIOF2,n=19 (%) P-value
Month 6 00 100 <0.001
Month 12 117 100 <0.001
E, Patients with malalignment and no class 2 obesity
Timepoint NSAID,n=12 (%) BIOF2,n=8 (%) P-value
Month 6 16.6 75.0 0.019
Month 12 8.3 375 0.255

Data is presented for all patients (A) and divided per group according
to absence or presence of obesity and/or malalignment (B-E). Fisher's
exact test was used for statistical analysis. MCII, Minimal clinically
important improvement (denoted by 30% improvement from baseline
pain; categorical value: ‘Yes’ or ‘No’); NSAIDs, usual medical care
with prescription of paracetamol/nonsteroidal anti-inflammatory
drugs; BIOF2, usual medical care plus new therapeutic formulation;
Malalignment, genu varum or genu valgum malalignment greater
than 20 degrees; -, undetermined due to absence of positive data for
MCII or PASS in both groups; N, sample number.

treatment outcome and inform patients of the expectations in
relation to BIOF2 treatment.

Obesity has been associated with greater pain and articular
damage, due to a metabolic-inflammatory process and a
mechanical effect (35). Obesity produces increased proinflam-
matory cytokine and collagenase production in cartilage,
which is related to a systemic increase of leptin in obese indi-
viduals (36,37). Leptin and its receptor have been identified in

Baseline 00 00 -
Month 6 47 52.3 <0.001
Month 12 47 53.3 <0.001

B, Patients with no class 2 obesity or malalignment

Timepoint NSAID, n=47 (%) BIOF2,n=53 (%) P-value
Baseline 0.0 0.0 -

Month 6 8.5 90.5 <0.001
Month 12 8.5 92.5 <0.001

C, Patients with class 2 obesity and malalignment

Timepoint NSAID, n=29 (%) BIOF2,n=27 (%) P-value
Baseline 0.0 0.0 -
Month 6 0.0 0.0 -
Month 12 0.0 0.0 -

D, Patients with class 2 obesity and no malalignment

Timepoint NSAID,n=17 (%) BIOF2,n=19 (%) P-value
Baseline 0.0 0.0 -
Month 6 0.0 42.1 0.002
Month 12 0.0 42.1 0.002
E, Patients with malalignment and no class 2 obesity
Timepoint NSAID,n=12 (%) BIOF2,n=8 (%) P-value
Baseline 0.0 0.0 -
Month 6 8.3 0.0 0.638
Month 12 8.3 0.0 0.638

Data is presented for all patients (A) and divided per group according
to absence or presence of obesity and/or malalignment (B-E). Fisher's
exact test was used for statistical analysis. PASS, Patient accept-
able symptom state, (defined as the value of symptoms the patient
considers to be the threshold of well-being for pain and function;
categorical value: ‘Yes’ or ‘No’); NSAIDs, usual medical care
with prescription of paracetamol/nonsteroidal anti-inflammatory
drugs; BIOF2, usual medical care plus new therapeutic formulation;
Malalignment, genu varum or genu valgum malalignment greater
than 20 degrees; - Undetermined due to absence of positive data for
MCII or PASS in both groups; N, sample number.

human chondrocytes, osteophytes, synovium, and infrapatellar
fat pad, and may affect growth factor synthesis and anabo-
lism (38-40). Leptin expression has been directly associated
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Figure 2. Percentage of patients with severe osteoarthritis that achieved minimal clinically important improvement and acceptable symptom state at 12 months of
follow-up. (A) 100% of the patients with no malalignment (genu varum or genu valgum malalignment greater than 20 degrees) and treated with BIOF2 achieved
MCII, whereas only 37% of the patients with malalignment had such improvement. (B) More than 90% of the patients treated with BIOF2 (with no class 2 obesity
or malalignment) achieved PASS. That state was greatly reduced in the patients with class 2 obesity and unachieved in the patients with malalignment. Usual
medical care with paracetamol/NSAIDs had significantly lower results than treatment with BIOF2 ("P<0.05 as indicated), except in the possibility of one patient
with malalignment achieving PASS. In that situation neither of the two treatments were effective. Class 2 obesity: BMI of 35-39. BIOF2, bioactive cell-free

formulation; MCII, minimal clinically important improvement; PASS, patients and acceptable symptom state; BMI, body mass index.
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Figure 3. Diagram showing the general strategy of the project and the main results. Both groups received usual medical care, and in one group, treatment with
BIOF2 was added. Treatment effectiveness is shown based on the percentage of patients that achieved a PASS at 12 months. That result was stratified according
to the presence or absence of patient comorbidities. BIOF2 treatment efficacy was above 90% in patients with a BMI below 35 (with no class 2 obesity) and with
no malalignment. Tables II-IV provides detailed information on the other efficacy parameters at the baseline and at 6 and 12 months after treatment. BIOF2,

bioactive cell-free formulation; PASS, patients and acceptable symptom state; BMI, body mass index.

with the degree of cartilage degeneration (38). In addition,
excess weight contributes to greater mechanical load on the
joint (35). Those aspects may be the cause of the lower BIOF2
effectiveness in patients with class 2 obesity found in the present
study. It is important to mention that all the patients with class
2 obesity had relevant clinical improvement, even though less
than half achieved PASS. Most likely, patient weight reduction
and/or a greater number of BIOF2 applications could increase
the therapeutic response in that subgroup of patients, which is
an aspect that should be analyzed in future studies.

In patients with important malalignment, BIOF2 application
produced MCII in 75% of the patients at 6 months. It was reduced
to 35% at 12 months, and none of those patients achieved PASS.
Malalignment is a potent predictor of disease progression in
patients with OA, and is a local mechanical factor in the knee
that can mediate symptoms (41). The beneficial effect of BIOF2
in that subgroup of patients appears to be temporary and does
not completely resolve the patient's complaints. Surgical correc-
tion of the malalignment, followed by treatment with BIOF2,
could be a therapeutic strategy to be evaluated in future studies.
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A relevant characteristic of the present study is that it
assessed the use of BIOF2 in patients receiving usual medical
care. The term ‘usual care’ describes the care commonly given
by practitioners in a community. For more than a decade, the
usefulness of evaluating new treatments against background
conditions of medical practices has been postulated, consid-
ering that it is often essential, for scientific and ethical reasons,
to have a usual care comparison arm in the study of a new
drug (42). The use of NSAIDs and/or paracetamol has been
shown in clinical trials to improve knee OA symptomatology.
However, its effectiveness varies, depending on the drug
used, dose (17), baseline pain, and radiologic features (43-46).
Oral NSAIDs or paracetamol are the agents most frequently
utilized in the treatment of arthrosis (43). However, neither the
patients nor the physicians that prescribe the drugs are satis-
fied with their results, given that in general, adequate health
states are not achieved through their therapeutic use (43).
Despite that fact, the use of those drugs, together with the
promotion of healthy lifestyles and rehabilitation techniques,
is the usual medical care given for the treatment of knee OA in
the majority of public healthcare systems in Mexico and other
countries. With respect to severe knee OA, the treatment of
choice could be TJA, but that option is often not available in
the short term for patients within the public healthcare system
and the wait for said treatment can be years. As those patients
wait, the common usual medical care is the prescription of
paracetamol/NSAIDs.

The low level of efficacy of paracetamol/NSAID
prescription found in the present study does not concur with
the good or moderate success rates reported in other studies
on OA (44,45). There are several possible explanations for
that. The high OA severity in the patients upon entering the
present study (mean VAS for pain of 9, 0-10 scale) could
have affected the results. With respect to the drugs used,
it was reported in other studies that etoricoxib, celecoxib,
and aceclofenac had the highest rankings for improvement,
whereas in our study celecoxib was used in only 7% of the
patients. In previous trials, evaluations were carried out
only during active treatment. Our study reflected habitual
NSAID use of the patients in the community and therefore
it is likely that drug dose and treatment adherence varied
considerably over a one-year period. Discontinuation rates
of prescription NSAIDs have been reported to exceed 85%
within six months of their use (46). Nevertheless, our results
coincided with those of a study that analyzed the effect of
prescription NSAIDs on knee OA. Those authors reported
that NSAID prescription was not associated with MCII in
the patient-reported symptoms of pain, stiffness, and func-
tion (46) in evaluations of one and two years. Therefore, we
believe that our results reflect the real-life occurrence in a
community of patients with knee OA receiving long-term
treatment with paracetamol/NSAIDs.

The addition of BIOF2 to the usual medical care signifi-
cantly increased the well-being indicators analyzed in the
patients and significantly reduced NSAID use. Prolonged
NSAID use can cause adverse effects, especially that of
kidney damage (47). Thus, treatment with BIOF2 could also
aid in reducing the risks caused by long-term NSAID intake.
Other clinical trials have evaluated strategies for articular
cartilage regeneration through cellular therapy or implants
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utilizing novel biomaterials. However, those procedures are
complex, costly, and difficult to implement in medical centers.
Therefore, we consider treatment with the new BIOF2 to be a
promising and readily implemented option for the treatment
of OA that can be incorporated into the usual medical care of
patients with knee OA at a public or private healthcare center
with ease. BIOF2 can be applied as an outpatient procedure in
routine medical consultations, taking the customary precau-
tions utilized in any intra-articular injection. The only adverse
effect detected was pain upon application, which, albeit
intense, spontaneously remitted within sec.

In conclusion, the intra-articular application of a new
BIOF2, was safe and well-tolerated and resulted in a success
rate above 90% in patients with no class 2 obesity and no
malalignment. At 12 months, its effect was limited in the
patients with class 2 obesity and was close to null in the patients
with malalignment. BIOF2 is a safe and easily implemented
therapeutic alternative in patients receiving usual medical care
for knee OA.
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