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Purpose: To evaluate the efficacy of selective interleukin (IL)-1 inhibitor therapy in the reduction of posttraumatic

osteoarthritis (PTOA) progression following knee ligament or meniscal injury. Methods: A systematic review was con-

ducted evaluating the disease-modifying efficacy of selective IL-1 inhibition in the setting of knee PTOA. Results: The
literature search identified 364 articles and 11 studies were included (n ¼ 10 preclinical, n ¼ 1 clinical). Drug delivery in

preclinical studies was administered using IL-1Raeencoded helper-dependent adenovirus particles (n ¼ 3), synovial cells

transfected with an IL-1Raeencoded retroviral vector (n ¼ 3), or varying chemical compositions of nonviral microcapsule

gene carriers (n ¼ 4). Intervention with selective IL-1 inhibitor therapy within 2 weeks of injury provided the greatest

protective benefits in reducing the progression of PTOA regardless of drug delivery methodology in preclinical models. The

majority of studies reported significantly better cartilage integrity and reduction in lesion size in animals treated with gene

therapy with the greatest effects seen in those treated within 5 to 7 days of injury. Conclusions: Early intervention with

selective IL-1 inhibitor therapy were effective in reducing proinflammatory IL-1b levels in the acute and subacute phases

following traumatic knee injury in preclinical animal model studies, while significantly reducing cartilage damage, lesion

size, and PTOA progression at short-term follow-up. However, it was found that the effect of these therapies diminished

over time. Clinical Relevance: Acute, intra-articular injection of selective IL-1 inhibitors may reduce PTOA progression,

supporting the need for additional basic and clinical investigation.

Posttraumatic osteoarthritis (PTOA) of the knee ac-

counts for up to 12% of all symptomatic cases of

osteoarthritis (OA) in the United States1 and is esti-

mated to occur in up to 50% of patients 5 to 10 years

after anterior cruciate ligament (ACL) tear or recon-

struction.2,3 As patients with ACL tears are, on average,

17 years of age,2,4,5 early-onset OA following traumatic

injuries has significant implications on future

disability,6,7 health care costs, and overall patient

health.8,9 This represents a significant challenge for

clinicians because there remains a paucity of recom-

mended treatment options for the prevention of OA

progression10 following ligament and meniscal injury,

highlighted by the significantly limited number of

clinical trials investigating disease-modifying therapies

for OA.10

Although numerous studies have sought to investi-

gate pharmacologic treatments for established OA, trials

evaluating disease-modifying therapies directed toward

preventing PTOA also offer a unique setting to
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proactively target acute inflammatory mediators

involved in disease progression.11-14 Specifically,

interleukin-1 (IL-1) has been reported to downregulate

the synthesis of cartilage extracellular matrix and

upregulate metalloproteinase expression involved in

cartilage degeneration,15 suggesting a potential role of

IL-1 receptor antagonist (IL-1Ra) therapy in modifying

OA-related inflammation. Previous clinical and pre-

clinical investigations have demonstrated that IL-1Ra

effectively and safely decreases proinflammatory cyto-

kine concentrations while protecting cartilage integrity

in the setting of established OA,16-19 indicating a po-

tential therapeutic option for delaying PTOA in young

patients following ligament or meniscal injury.

Although the long-term efficacy of IL-1Ra in the

clinical treatment of established, nontraumatic OA re-

mains controversial,14 the therapeutic efficacy of IL-

1Ra or selective agents inhibiting the production or

activity of IL-1 in the setting of PTOA has yet to be

systematically reviewed. Thus, the purpose of this sys-

tematic review was to evaluate the efficacy of selective

IL-1 inhibitor therapy in the reduction of PTOA pro-

gression following knee ligament or meniscal injury. It

was hypothesized that selective IL-1 inhibitor therapy

would effectively reduce IL-1 synovial fluid levels and

reduce the progression of gross and microscopic carti-

lage degeneration in the setting of PTOA.

Methods

Article Identification and Selection

A systematic review of the literature evaluating the

disease-modifying efficacy of selective IL-1 inhibitor

agents in the setting of PTOA of the knee was performed

according to the PRISMA (Preferred Reporting Items for

Systematic Review and Meta-Analysis) guidelines.20 The

search query was performed in May 2021 using the

Cochrane Database of Systematic Reviews, the Cochrane

Central Register of Controlled Trials, PubMed (1980-

2021), MEDLINE (1980-2021), and Embase (1980-

2021). The search terms used were [“osteoarthritis”

AND “interleukin-1 receptor antagonist”] and [“post-

traumatic osteoarthritis” AND “interleukin”].

The inclusion criteria were English language and

human and animal studies investigating the use of se-

lective IL-1 inhibitor agents specific to the treatment of

PTOA of the knee following ligament or meniscal

injury. Selective IL-1 inhibitor therapies were consid-

ered as those directly inhibiting the production or ac-

tivity of IL-1, including recombinant IL-1Ra proteins

(anakinra), IL-1Ra gene therapy, selective down-

regulation of IL-1 gene expression, or monoclonal an-

tibodies against IL-1 (canakinumab).21 Exclusion

criteria were patients or animals with symptomatic or

previously diagnosed OA, fractures, in vitro and ex vivo

studies, case studies, and review articles.

Two investigators (Z.S.A and N.N.D) independently

reviewed the titles and abstracts of all identified articles

andwereassessed for inclusionandexclusion criteria after

removal of duplicates. Full-text articles were then ob-

tained and reviewed for final inclusion and were recon-

ciled between the 2 investigators. Discrepancies between

final included articles were reviewed by the senior author

(T.J.D) for final decision of article inclusion. References

from included articles were also reviewed to ensure no

studies meeting inclusion criteria were missed.

Data Collection

Data from both human and animal studies were

extracted by a single investigator (Z.S.A.) and reviewed

by a second author (N.N.D.). The main variables

extracted and recorded were etiology of PTOA, sample

size, subject characteristics, dosage, route and fre-

quency of administration, and duration of treatment.

Drug type, mechanism, and vehicle (if applicable) also

were recorded. Primary outcomes assessed were syno-

vial fluid analysis (enzyme-linked immunosorbent

assay), gene expression (reverse transcription poly-

merase chain reaction, microarray), immunohisto-

chemistry, and cartilage integrity (gross, histology,

micro-computed tomography [CT], Osteoarthritis

Research Society International [OARSI]). Efficacy of

selective Il-1 inhibitors was determined as outcomes

showing improvement in cartilage integrity on histo-

logic, gross, or imaging evaluation, reduction in IL-1

synovial fluid concentrations, and significant presence

of IL-1ra as an indicator of sustained effect at primary

study endpoints. Knee Injury and Osteoarthritis

Outcome Scores (KOOS) were assessed for evaluating

drug efficacy for the included human trial.

Results
The literature search identified 364 articles with 11

studies meeting inclusion criteria (Fig 1). There were 10

animal studies22e31 and 1 human study.12 Five pre-

clinical studies were performed on rabbits,24,26-29 3

studies on mice,22,23,31 1 study on rats,31 and 1 study on

dogs.25 The clinical efficacy of IL-1Ra treatment was

evaluated in 1 Level I randomized-controlled trial

comprising 11 ACL-deficient patients.12

Preclinical Studies

PTOA Animal Models

Of the preclinical studies, 3 studies evaluated PTOA

models with ACL transection (mouse, n ¼ 1; rat, n ¼ 1,

dog, n ¼ 1),22,25,31 4 studies with medial collateral lig-

ament (MCL) transection and medial meniscectomy

(rabbit, n ¼ 4),24,27e29 1 study with transections of the

ACL and anterior attachment of the medial meniscoti-

bial ligament (mouse, n ¼ 1),23 1 study with ACL and

MCL transections with medial meniscectomy (rabbit,

n ¼ 1),26 and 1 with transection of the anterior
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attachment of the medial meniscotibial ligament only

(mouse, n ¼ 1).30 Preclinical study designs and out-

comes are detailed in Table 1.

Selective IL-1 Inhibitor Delivery Systems

Preclinical treatment protocols including dosage, fre-

quency, route of administration, and drug characteristics

are summarized in Table 2. Nine preclinical studies

administered intra-articular injections22-29,31 and 1 pre-

clinical study administered oral treatment.30 Initiation of

treatments ranged from 2 days before injury to 1 month

after injury. Three studies administered 1 injection of IL-

1Ra encoded helper-dependent adenovirus (HDAd)

particles,22e24 3 studies administered 1 injection of sy-

novial cells transfected with an IL-1Raeencoded retro-

viral vector,25e27 1 study administered 2 injections of

liposome-mediated recombinant IL-1Ra plasmid DNA,29

1 study administered 3 injections of chitosan-DNA

nanoparticles containing IL-1Ra DNA,28 and 1 study

administered 6 injections of a liposome-mediated miR-

144-3p mimic.31 Only one study administered oral

treatment using yeast microcapsule-mediated delivery of

IL-b shRNA.30

IL-1b Activity in Synovial Fluid

IL-1b activity in synovial fluid was analyzed in 4

preclinical studies.23,26,29,30 In 3 studies, IL-1b

expression was significantly decreased compared with

treatment control groups after yeast microcapsule,30

liposome-mediated,29 and retrovirus transfected syno-

vial cell delivery of IL-1Ra26 when evaluated at a range

of 7 to 40 days (P < .05). IL-1b levels were evaluated in

meniscotibial-deficient mice, MCL- and medial

meniscus-deficient rabbits, and ACL-MCL-medial

meniscusedeficient rabbits, respectively. In ACL-

deficient mice treated with 1 injection of IL-

1Raeencoded HDAd particles,23 there was a mild

decrease in IL-1b levels, with no significant difference

compared with sham controls at 2.5 months post-

injection (P > .05).

IL-1Ra Expression

IL-1Ra levels in gene therapy models were analyzed in

4 preclinical studies.24,25,27,28 Adequately maintained IL-

1Ra expression was reported in 3 studies at 1 or 2 weeks,

whereas 1 study reported a significant fall in expression

after 4 weeks. In 2 studies administering 1 injection of

synovial cells transfected with an IL-1Ra encoded

retroviral vector,24,27 IL-1Ra expression was stable after

14 days in comparison with absent levels in control MCL

and medial meniscus-deficient rabbit knees,27 whereas

IL-1Ra levels were considerably diminished at 2 and 4

weeks compared with initial injection levels in ACL-

deficient dog knees.25 In rabbits treated with 1

Fig 1. PRISMA (Preferred Report-

ing Items for Systematic Reviews

and Meta-Analyses) flowchart

showing the selection criteria used

to identify studies with the search

strategy.
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Table 1. Preclinical Study Designs and Outcomes

Study Drug Subjects PTOA Model Experimental Groups Results Summary

Nixon et al., 201822 HDAd-mIL-1Ra FVB/N mice Cruciate ligament

transection

1) HDAd-IL-1ra

2) HDAd-GFP control

3) PBS

4) Sham

Gross morphology (micro-CT):

2 days before CLT:

� significantly greater cartilage

volume than the HDAd-GFP

group, no difference than placebo

or sham

� Significantly greater bone surface

covered by cartilage than HDAd-

GFP and PBS groups

2 weeks after CLT:

� Significantly greater cartilage

volume, surface area, and bone

area covered by cartilage

compared with HDAD-GFP and

PBS, no significant difference with

sham

Histology (OARSI)

2 days before injury:

� Significantly lower OARSI scores

and fewer osteophytes than

placebo and HDAd-GFP control

3 days after CLT:

� No significant difference for mean

histologic score for cartilage

damage, number of osteophytes

between GFP and PBS groups,

significantly greater OARSI scores

than sham

2 weeks after CLT:

� No significant difference in OARSI

scores compared with HDAd-GFP

and placebo, significantly worse

OARSI scores than sham

Stone et al., 201923 HDV- NfkB-Il1ra Male FVB mice Cruciate ligament

transection

OR Meniscotibial

ligament transection

1) monotherapy HDAd-NFkB-Il1ra

2) monotherapy HDAd-EF1-Prg4

3) HDAd-empty (control)

4) combination of HDAd- NFkB-

Il1ra and HDVEF1-Prg4

IL-1b expression: mild decrease in IL-

1b levels, no significant difference

compared with sham control

Gross morphology (micro-CT):

Significantly greater cartilage

(continued)
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Table 1. Continued

Study Drug Subjects PTOA Model Experimental Groups Results Summary

5) no injections (sham group) volume loss compared with sham

control at 2.5 months, with no

differences in cartilage volume

compared with empty HDV

IL-1ra treatment retained

significantly more covered surface

area compared with empty

HDAd-treated mice

IL-1ra treatment 2 weeks after

DMM had no statistical differences

in cartilage volume compared with

sham at 2.5 months; effect was lost

at 3.5 months.

Combined treatment with IL-1ra

and Prg4 gene therapy had no

difference in cartilage volume

compared with sham and was

significantly greater than IL-1ra or

Prg4 monotherapy

Wang et al., 200624 Ad-IL-1Ra New Zealand white rabbits MCL tear þ medial

meniscectomy

1) IL-1ra

2) sTNF-RI

3) Combination

4) Ad-GFP (control)

IL-1ra expression:

Significant levels of IL-1ra were

detected at both 3 and 7 days in IL-

1ra group, undetectable in knees

receiving HDAd-GFP control

Histology (subjective):

Distinct decrease in cartilage lesion

size in IL-1ra group compared with

HDAd-GFP and sTNF-RI

monotherapy

Pelletier et al., 199725 rHuIL-1Ra gene Mongrel dogs ACL section only

OR ACL section þ

contralateral knee

synovectomy

1) PBS

2) Lac Z

3) IL-1ra

IL-1ra expression:

IL-1ra levels were considerably

diminished at 2 and 4 weeks

compared with levels after initial

injection

Gross morphology (macroanalysis):

Significantly reduced size and

grade of tibial plateau cartilage

lesions compared with placebo and

lac Z groups, no differences in

femoral lesions

Histology (subjective):

Severity of microscopic lesions

were significant less than lac Z, no

significant difference in structural

(continued)
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Table 1. Continued

Study Drug Subjects PTOA Model Experimental Groups Results Summary

changes than control and lac Z

groups, significantly greater

histologic score for the synovial

membrane than control and lac Z

group due to significantly greater

mononuclear cell infiltration

(P < .008)

Tang et al., 201526 IL-1b siRNA New Zealand white rabbits ACL þ MCL þ medial

meniscectomy

1) saline (control)

2) TNF-alpha siRNA 3) IL-1b siRNA

4) Both TNF-alpha and IL-1b siRNA

IL-1b expression:

IL-1b expression was significantly

lower in IL-1b siRNA group than

treatment control group at 1, 2,

and 4 weeks

Histology (subjective and Mankin

score)

Reduced cartilage damage at 4

weeks compared with the control,

significantly lower Mankin scores

at 1, 2, and 4 weeks after injury

Zhang et al., 200427 PLXRN-IL-1Ra New Zealand white rabbits MCL tear þ medial

meniscectomy

1) no treatment control

2) lacZ control

3) IL-1ra gene

4) IL-10 gene

5) IL-1ra and IL-10,

6) naïve control (no surgery)

IL-1ra expression:

IL-1ra levels were stable after 14

days, whereas no synovial fluid IL-

1ra was detected in control rabbit

knees

Immunohistochemistry:

Expression of IL-1ra was

maintained in grafted cells after 14

days

Histology (subjective):

Distinct reduction in cartilage

lesion size compared with the

treatment control group

Zhang et al., 200628 PcDNA3.1-IL-1Ra

plasmid

New Zealand white rabbits MCL tear þ medial

meniscectomy

1) placebo

2) IL-1ra

3) IL-10contralateral knees served as

controls

IL-1ra expression:

Detectable level of IL-1ra only in

knees treated with the chitosan-IL-

1Ra nanoparticle

Immunohistochemistry:

IL-1ra detected in a small group of

chondrocytes compared with none

in the placebo group after 14 days,

IL-1ra was not detected in synovial

cells in placebo or IL-10 groups

Histology (subjective): less severe

cartilage lesions compared with

placebo

Zhang et al., 201529 Recombinant IL-1ra

plasmid DNA

New Zealand white rabbits MCL tear þ medial

meniscectomy

1) control (normal saline)

2) IL-ra transfection

IL-1b expression

IL-1b and TNF-a levels in dual and

(continued)
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Table 1. Continued

Study Drug Subjects PTOA Model Experimental Groups Results Summary

3) TGF-b1 transfection

4) IL-1ra/TGF-b1 double transfection

single groups significantly lower

than control (P < .05)

IL-1ra expression:

Significantly greater IL-1ra levels

than the blank control group

Immunohistochemistry:

Subjectively darker staining of type

II collagen than the control group

Histology (subjective and Mankin

score):

IL-1raetreated group did not

develop osteophytes, had darker

color, subjectively better safranin O

state, and significantly lower

Mankin scores compared with the

control group.

Lin et al., 202131 miR-144-3p male SpragueeDawley rats ACL transection 1) control (no tear), 2) ACLT

3) ACLT þ control mimic (miRNA

negative control)

4) ACLT þ miR-144-3p

Gross morphology (micro-CT):

Significantly reduced changes in

trabecular thickness, number, and

separation than untreated ACL-

deficient and ACL-deficient mice

treated with a mimic control

Immunohistochemistry:

significantly reduced IL-1b
epositive synovial cells compared

with both untreated ACL deficient

and ACL-deficient mice treated

with mimic control groups

Histology (OARSI):

Significantly lower OARSI and

cartilage scores than both

untreated ACL-deficient and ACL-

deficient mice treated with mimic

control groups.

Zhang et al., 202130 IL-1b shRNA Male C57BL/6 mice DMM 1) yeast only (control) IL-1b expression:

Significantly decreased IL-1b
expression compared with the

control group in mice.

Histology (OARSI):

Significantly lower OARSI grades

compared with the control group.

ACL, anterior cruciate ligament; ACLT, anterior cruciate ligament transection; CLT, cruciate ligament transection; CT, computed tomography; DMM, destabilization of the medial meniscus

(transection of the anterior attachment of the meniscotibial ligament); HDAd, helper-dependent adenovirus; HDAd-GFP, green fluorescence protein encoded helper-dependent adenovirus; IL-

1b, interleukin 1b, IL-1Ra; interleukin-1 receptor antagonist; MCL, medial collateral ligament; OARSI, Osteoarthritis Research Society International; PBS, phosphate-buffered saline; PTOA,

post-traumatic osteoarthritis; siRNA, small interfering RNA; sTNF-RI, soluble tumor necrosis factor-a receptor type I; TGF-b, transforming growth factor b; TNF-a, tumor necrosis factor a.
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injection of IL-1Ra encoded helper-dependent adeno-

virus particles,24 significant levels of IL-1Ra were

detected at both 3 and 7 days, whereas levels were un-

detectable in knees receiving green fluorescence

proteineencoded HDAd control injections. Rabbits

treated with liposome-mediated recombinant IL-1Ra

plasmid DNA injections had significantly greater IL-1Ra

levels than the blank control group at 14 days (P <

.05).29

Immunohistochemistry Analysis

There were 4 studies that reported IL-1Ra treatment

efficacy with immunohistochemistry analysis.27-29,31

All studies reported favorable immunohistochemical

profiles following therapy. Sustained IL-1ra expression

was seen in 2 rabbit studies after treatment with

chitosan-DNA nanoparticles28 and retrovirus trans-

fected synovial cells.27 Significant reduction in IL-beta

positive synovial cells with liposome-mediated miR-

1443p treatment in rats.31 Liposome-mediated recom-

binant IL-1Ra plasmid DNA injections resulted darker

type II collagen staining compared with controls.29

Gross Morphology

Gross morphology of cartilage was evaluated in 4

studies.22,23,25,31 Three studies reported gross cartilage

changes on micro-CT, whereas 1 study performed

macroscopic examination. All 4 studies demonstrated

that selective IL-1 inhibitor therapy had protective ef-

fects on cartilage or subchondral bone integrity following

meniscal or ACL trauma. Cartilage surface area and

volume were shown to be significantly greater than

control treatment groups (P < .05) and were comparable

with sham groups in 2 ACL-deficient mouse models

following IL-1raeencoded adenovirus vehicles on

micro-CT analysis.22,23 Significant reductions in dog

tibial plateau cartilage lesion size (P < .04) and grade (P

< .01) after synovial cells transfected with IL-1Ra

encoded retrovirus compared with placebo and un-

treated groups.25 In rats treated with liposome-mediated

miR-1443p, there were significantly reduced changes in

trabecular thickness, number, and separation than un-

treated ACL-deficient and ACL-deficient mice treated

with a mimic control on micro-CT analysis (P < .05).31

Histology

Histologic analysis was performed in 9 preclinical

studies.22,24-31 Histologic outcomes were assessed using

OARSI grades in 3 studies, Mankin scores in 2 studies,

and subjective microscopic examination only in 4

studies. Lower OARSI grades and Mankin scores indi-

cated lower stages of OA. In 7 studies,24,26-31 histologic

and microscopic analyses demonstrated that selective IL-

1 inhibitor treatment had a significant role in reducing

the progression of OA regardless of drug vehicle,

characterized by a significant reduction in OA

progression29-31 and significantly less cartilage dam-

age26,27 or lesion size24,28 when compared with control

groups. Conflicting histologic evidence of reduced OA

progression after treatment with IL-1Ra encoded helper-

dependent adenovirus particles was reported in one

study, which demonstrated that significant reduction in

OA progression was dependent on timing of interven-

tion and skeletal maturity.22 Compared with placebo

and treatment control groups, significant improvements

were only seen in skeletally immature mice treated 2

days before ACL transection (P < .05), whereas skele-

tally immature mice treated 2 weeks after ACL tran-

section and skeletally mature mice treated 3 days after

injury did not significantly reduce OA progression, while

also having significantly worse OA progression than

sham controls (P < .05).22 In 1 study in dogs, IL-1ra

treatment did not significantly alter microscopic struc-

tural changes compared with placebo.25

Clinical Study

Patient demographics, treatment protocol, and drug

characteristics for the 1 identified clinical trial12 are

summarized in Table 3. Patients with acute ACL tears

with or without concomitant MCL or meniscal lesions

were treated with one intraarticular injection of re-

combinant IL-1Ra (Anakinra/Kineret; Sobi). Therapy

was initiated at a mean 2 weeks postinjury and out-

comes were assessed at a mean 35 days after injury.

Compared with the placebo group, patients treated with

IL-1Ra injections had significantly improved pain (P ¼

.0011), quality of life (P ¼ .0048), activities of daily

living (P ¼ .0015), and sports function (P ¼ .0026)

KOOS scores 14 days after treatment. Patients treated

with IL-1Ra had reduced yet nonsignificant synovial

fluid IL-1b activity from baseline (P ¼ .06). Final IL-1Ra

and IL-1b changes in expression were not significantly

different from the placebo group (P > .05).

Discussion
The most important findings of this study were that

early intervention with selective IL-1 inhibitor thera-

pies in preclinical animal model studies was effective in

reducing proinflammatory IL-1b levels in the acute and

subacute phases following traumatic knee injury and

significantly reduced cartilage damage, lesion size,

and PTOA progression at short-term end points. How-

ever, it was found that the effect of these therapies

diminished over time, indicating the need for further

investigations analyzing long-term outcomes and opti-

mization of drug-delivery systems and protocols.

Furthermore, there is a significant lack of clinical trials

investigating IL-1Ra therapy in the setting of PTOA.

Clinically, PTOA of the knee can result in chronic pain

and functional impairment years after a traumatic

event secondary to prominent progressive loss of

articular cartilage, subchondral bone remodeling, and

8 Z. S. AMAN ET AL.



Table 2. Preclinical Treatment Protocols and Drug Delivery Characteristics

Study

Drug Type/

Mechanism Vehicle Route

Dosage and

Frequency Start Day Duration Primary Outcomes

Nixon et al., 201822 Gene therapy/IL-1ra HDAd-mediated Intra-articular 1 � 108 vp/once 1) 2 days before

CLT

2) Skeletally

immature mice:

2 weeks after

CLT

3) Skeletally

mature mice: 3

days after CLT

1) 6 weeks

2) 8 weeks

3) 2 months

Histology (OARSI), micro-CT,

hot plate analysis

Stone et al., 201923 Gene therapy/IL-1ra HDAd-mediated Intra-articular 1 � 108 vp in

5microl of PBS/

once

2 weeks’

postsurgery

1) 2.5 months

2) 3.5 months

Cartilage volume, surface area,

gene expression, noxious

stimuli response

Wang et al., 200624 Gene therapy/IL-1ra HDV-mediated Intra-articular 1 � 108 pfu of

adenovirus in 0.2

ml saline/once

5 days’ postsurgery 7 days IL-1ra and sTNF-RI

expression, quantitative

histology

Pelletier et al., 199725 Gene therapy/IL-1ra Retrovirus infected

synovial

fibroblasts

Intra-articular 60 � 106 cells in 2

mL of PBS/once

2 days after surgery 4 weeks Macrocartilage analysis,

histology, IL-1ra levels

Tang et al., 201526 Gene therapy/IL-1b
siRNA (Il-1ra gene)

Recombinant

lentivirus

(retrovirus)

infected synovial

cells

Intra-articular 5 � 106 cells in 1 mL

of injection/once

7 days’ postsurgery 1, 2, or 4 weeks Histology, Mankin score, IL-

1b, and TNF-aexpression
(ELISA)

Zhang et al., 200427 Gene therapy/IL-1ra Retrovirus-infected

synovial cells

Intra-articular 5 � 106 cells in 0.5

mL of PBS/once

5 days’ postsurgery 14 days IL-1ra expression, histology,

immunohistochemical

analysis

Zhang et al., 200628 Gene therapy/IL-1ra Chitosan-DNA

nanoparticles

intra-articular 0.4 mL of chitosan-

DNA containing

20 microg

PcDNA3.1-IL-1Ra

Plasmid/3 total in

48-hour intervals

5 days postsurgery 14 days IL-1ra expression (ELISA),

immunohistochemical

analysis, histology

Zhang et al., 201529 Gene therapy/IL-1ra Liposomes Intra-articular 100 mg þ

lipofectamine TM

2000 reagent 50

mL þ NS 0.5 mL/

twice

5 and 7 days after

surgery

14 days IL-1ra expression (ELISA),

histology,

immunohistochemical

analysis

(continued)
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intra-articular inflammation. While OA has historically

been understood as a clinical end point resulting from

multifactorial processes including age, obesity, and

chronic “wear and tear,” 23 PTOA manifests after an

identifiable cause, resulting in a degenerative cascade

involving several inflammatory mediators.14,32 The

acute inflammatory phase following a traumatic event

provides the opportunity to initiate treatment targeting

specific pathophysiology with minimal confounding

contributions. In a comprehensive review of disease

markers and implications, Khella et al.32 reported IL-1b
as a credible factor inducing PTOA progression, con-

firming that an imbalance of IL-1b expression perpet-

uated prolonged postinjury inflammation contributing

to cartilage damage.32 Furthermore, the authors re-

ported that IL-1b is significantly increased in the acute

and subacute phases of PTOA progression for up to 1.5

months,33,34 emphasizing the need for effective drug-

delivery systems to ensure IL-1 antagonism to remain

in the joint for this duration. However, in contrast to

previous studies evaluating IL-1 antagonist treatment in

established OA, it has been reported that IL-1b effects

may not be contributory 1.5 months following ACL

injury,32,35 indicating that delayed IL-1b targeted

therapies may not be effective in the chronic stages of

OA development or once PTOA is diagnosed.36

In studies that initiated treatment within 5 to 7 days

after injury, IL-1b expression was found to be signifi-

cantly reduced in the acute and subacute inflammatory

phases with correlating reductions in cartilage degen-

eration. In contrast, Stone et al.23 reported nonsignifi-

cant IL-1b expression reduction and limited long-term

efficacy in cartilage integrity following IL-1Ra mono-

therapy. However, the authors initiated treatment at 2

weeks following surgery and evaluated IL-1b expres-

sion at 2.5 and 3.5 months.23 These findings suggest

that early intervention, as aligned with the natural

pathologic course, is necessary to provide a protective

benefit to reduce the risk PTOA progression, regardless

of drug delivery methods.

Drug retention in the knee joint is a well-known

obstacle to pharmaceutical efficacy and significantly

limits the efficacy of recombinant IL-Ra products such

as anakinra for sustained treatment due to a half-life of

4 to 6 hours. Although demonstrating short-term clin-

ical potential in some OA trials37,38 and the included

PTOA trial,12 the need to investigate long-term release

drug delivery systems to reduce repeated intra-articular

injections is warranted.39 Helper-dependent adenovi-

ruses have been recently used for its ability to transduce

host synoviocytes and chondrocytes with the ability to

provide long-term expression of selected genes within

the knee joint.40 Similarly, retrovirus-mediated vectors

introduce genes via ex vivo transfer with harvested

cells.27 However, there is still potential for an immune

response directed at the HDAd viral capsid and injectedT
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Table 3. Clinical Study Treatment Protocol, Drug and Study Characteristics, and Demographics

Study Drug

Sample

Size Age, y Injury Details Inclusion Criteria

Drug Type/

Mechanism Vehicle Route

Dosage and

frequency Start Day

Evaluation

Time Points

Primary

Outcomes

Kraus

et al.,

201212

Anakinra Anakinra

group:

n ¼ 6 (2

female)

placebo;

n ¼ 5 (3

female)

24 � 4

years

Anakinra

treatment

group; 2

isolated

ACL tears,

2 ACL

tears with

partial

MCL tear,

2 ACL

tears with

meniscal

tear

Placebo

group; One

isolated

ACL tear,

one ACL

tear with

partial

MCL tear;

two ACL

tears with

meniscal

tear, one

ACL tear

with MCL

and

meniscal

tear

Injury less than 4

weeks before

eval, ACL

confirmed tear on

MRI, age 18-30

years, negative

pregnancy,

nonobese, no

previous injury/

OA.

Allowed knee

bracing, NSAIDs,

analgesics, ice,

ROM and quad

training permitted

(no significant

differences

between groups)

Recombinant

protein/IL-1ra

None Intra-articular 150 mg/mL (1

mL)/once

mean 2

weeks post

injury (15

� 7 days)

4, 14, and 28

days

SF IL-1a,

IL-1b, IL-
1Ra and

serum HA,

KOOS

score

ACL, anterior cruciate ligament; HA, hyaluronan; IL-1Ra; interleukin-1 receptor antagonist; KOOS, Knee Injury and Osteoarthritis Outcome Score; MCL, medial collateral ligament; MRI,

magnetic resonance imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; OA, osteoarthritis; ROM, range of motion.
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cells which has limited higher dosages of therapy,23

whereas ex vivo cell manipulation requires cumber-

some cell manipulation prior to initiating therapy. The

immunogenic potential of retrovirus infected cells was

observed by Pelletier et al,25 reporting that IL-

1Raetransduced cells provoked increased synovial

inflammation resulting in a loss of IL-1Ra expression.

To combat these limitations, drug-delivery systems us-

ing nonviral microcapsule gene carriers have been

developed and have shown to be safe and promising,

although preparation, cellular infectivity, and federal

approval remain barriers to becoming convenient and

efficacious clinical products.28,41

In preclinical studies reporting IL-1Ra expression, the

majority detected sustained concentrations up to 14

days following injection. However, in the only study

evaluating IL-1Ra concentrations after 14 days, Pelletier

et al.25 reported significantly diminished levels at 4

weeks after injection with retrovirus infected cells.

Furthermore, studies investigating long term histologic

and gross morphology results reported varying efficacy

at 4 weeks to 3.5 months, indicating a diminishing ef-

fect of drug delivery systems. Overall, microcapsule-

mediated IL-1Ra delivery appeared to provide the

most beneficial long-term effect on cartilage integrity at

end points of 2 weeks or longer, although there were

differences in microcapsule biochemical composition

across these studies. Therefore, further investigations of

microcapsule mediated delivery should be performed to

delineate their efficacy in clinical trials.

In this systematic review, there was a significant lack of

identified clinical trials investigating IL-1Ra treatment to

reduce PTOA progression, accentuating the recent find-

ings of DePhillipo et al.,10 who reported a significant lack

of clinical trials investigating disease-modifying therapies

in the clinical trial pipeline. The pilot clinical study re-

ported that anakinra injections administered 2 weeks

after ACL injury had significantly greater KOOS scores

compared with the placebo group, although IL-1Ra ac-

tivity was significantly diminished at a mean 35 days

follow-up.12 Albeit promising preliminary results in a

significantly limited sample size, the clinical literature

has yet to be established and lacks pertinent value to

clearly evaluate the disease-modifying potential of se-

lective IL-1 inhibitor therapy as a viable treatment op-

tion to patients at this time. However, although clinical

conclusions cannot be drawn, this systematic review best

serves to promote the further advancement and opti-

mization of selective IL-1 inhibitor protocols as sup-

ported by the promising results in the basic science

literature demonstrating its efficacious role in reduction

of OA progression, maintenance of cartilage integrity,

and direct antagonism of pathologic pathways involved

in the development of PTOA.

Given the findings of the included preclinical studies,

it should be emphasized that future preclinical selective

IL-1 inhibitor therapy trials should be performed in the

setting of PTOA, as the findings of the current review

suggest that early intervention is necessary to target and

modify pathophysiologic pathways involved in early

OA progression. As in vivo animal models have been

demonstrated to successfully replicate clinical post-

traumatic inflammatory conditions, the drug delivery

systems summarized in this review may also provide

the foundation for future clinical trials.32 Overall, se-

lective IL-1 inhibitor drug-delivery protocols must be

further optimized, evaluated, and compared in ho-

mogenous PTOA models to limit potential confounding

variables that could influence drug efficacy. Further-

more, it is currently unknown of the effects of selective

IL-1 inhibition and ACL graft healing potential and

future studies are warranted to be performed in ACL

reconstruction models before performing clinical trials.

Limitations

We acknowledge some limitations to this systematic

review. Studies that only evaluated the effects selective

IL-1 inhibitor therapy in the setting of post-traumatic

knee injury were included in this study and the results

are not generalizable to established OA treatment. Most

importantly, there was only one clinical study included

in this systematic reviewing, highlighting a severe lack of

evidence to recommend selective IL-1 inhibitor treat-

ment in the clinical setting. PTOA models were signifi-

cantly heterogenous, varying by ligamentous and

meniscal deficiencies performed in a variety of animal

models with inconsistent age groups, which limits direct

comparisons and implications for clinical treatment.

Furthermore, there was significant heterogeneity in

drug-delivery vehicles, with several drug delivery sys-

tems only investigate in single trials potentially limiting

the ability to translate to clinical trials which warrants

further investigations. We also acknowledge that the

development of PTOA is multifactorial in nature,

including the contributions of subchondral bone integ-

rity after injury. As few included studies reported on

subchondral bone integrity before and after treatment,

direct comparisons on treatment effect on the sub-

chondral bone could not be adequately analyzed. There

were no studies investigating the effect selective IL-1

inhibitor agents following ACL reconstruction. It is

possible that relevant articles were not identified with

our search criteria, as with all systematic reviews. In

addition, we selected only literature in the English lan-

guage, potentially contributing to publication bias.

Conclusions
Early intervention with selective IL-1 inhibitor

therapy were effective in reducing proinflammatory

IL-1b levels in the acute and subacute phases following

traumatic knee injury in preclinical animal model

studies, while significantly reducing cartilage damage,

12 Z. S. AMAN ET AL.



lesion size, and PTOA progression at short-term fol-

low-up. However, it was found that the effect of these

therapies diminished over time.
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