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Take-Home Points

¢ Repeated courses of treatment with HA are safe and are associated with the delay of TKR for up to 3 years.
HA treatment should be considered an important clinical treatment option for patients with knee OA.
Repeated courses of treatment with HA are safe.

Repeated courses of HA treatment pose no greater safety risk than a single course of HA treatment.
Additional research is needed to evaluate the effects of repeated HA courses on delaying TKR beyond a 3-
year period.

Osteoarthritis (OA) of the knee has emerged as one of the main causes of disability in the United States. Although
no currently known cure of OA can reverse the progression of the disease, total knee replacement (TKR) is an
effective and definitive treatment. However, TKR is an invasive procedure with potential risk for serious
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complications, and it has imposed high costs on the US healthcare system, with expenses accounting for hospital
expenditures of TKR estimated at $28.5 billion in 2009.'Alternative low-risk therapies that can delay or obviate
TKR are valuable to a number of patients, especially the poor candidates for surgery or those who wish to avoid
TKR.

Intra-articular (IA) hyaluronic acid (HA) injections have been available as a safe and effective treatment option to
alleviate pain and to improve joint functions.’ Results of randomized double-blind controlled clinical trials have
demonstrated the pain-relieving effect of IA HA injections.”” Furthermore, a recent network meta-analysis
comparing various pharmacologic interventions for knee OA has confirmed the efficacy of IA HA injections, which
outperformed other interventions when compared with oral placebos.®’IA therapies are more effective than oral
therapies for knee OA pain, with IA HA injections demonstrating the most pain reduction, potentially due to the
benefit associated with needle injection and aspiration. Recent experimental studies have also suggested that IA
HA may provide cartilage protection, reduce inflammation, and boost the viscosity of synovial fluid;’ IA HA may
also exert therapeutic effects by inhibiting bone formation in OA patients.”'” HA possesses the potential to delay or
obviate TKR. Previous research with a case series review of patients in an orthopedic specialty practice reported
that the use of IA HA injections in patients with grade IV OA delayed TKR substantially." One study analyzed
retrospective medical claims data from a single private insurer and discovered potential evidence for the modest
benefit of IA HA injections in delaying TKR."

More detailed research work on a large sample of patients with knee OA and the requirement of TKR as a
condition for inclusion using US administrative claims data has demonstrated the TKR-delaying effects of IA HA
injections in comparison with a control group without claims for IA HA injections.'*" This study also uses real-
world US administrative data but utilizes a different approach by starting with a sample of patients with knee OA
and evidence of TA HA injections and then assessing the effect of repeated courses of HA treatment on the delay of
TKR, without TKR as a mandatory condition for inclusion. All patients with knee OA within the time window were
included, regardless of the need for TKR compared with previous studies which only considered patients who
ultimately received TKR. Safety information and effectiveness information were examined to achieve a balanced
risk-benefit assessment. We also analyzed how multiple courses of HA treatment and other potentially relevant
covariates at baseline affected the risk of receiving TKR in a multivariate survival model. We aimed to achieve a
realistic assessment of the clinical utility of HA injections in delaying TKR in a real-world setting using both safety
and effectiveness data.

Methods

Data Source

A retrospective cohort observational study using IMS Health’s PharMetrics Plus Health Plan Claims Database was
conducted by identifying knee OA patients with claims indicating initiation of HA injection at an index date during
the selection period (July 1, 2007 to June 30, 2010). All common HA agents in the US market during this period
(Euflexxa, Hyalgan, Orthovisc, Supartz, and Synvisc) were selected via the corresponding J-codes and pooled for
investigation of HA class effects. The follow-up period was 36 months, post-index date of the initial HA injection.
Outcomes were measured, and adverse events were identified during this period. The time window for
identification of adverse events was within 2 weeks from any injection during the course of therapy (evidence of
an emergency room visit and/or physician office visit with requisite code). The data during the 12-month pre-index
baseline period from the claims database was used to obtain information about baseline patient characteristics,
such as age, gender, type of coverage, physician specialty, Charlson Comorbidity Index (CCI), major
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Study Sample Selection

The eligible patients required an outpatient claim indicating the initiation of HA injection. The date of the first
claim for the patient within the selection window was defined as their index date. Patients had to be =18 years of
age in the year of their index date. They had to present at least 1 clinical knee OA diagnosis at any point in the 12-
month pre-index period (including the index date), and only patients who were continuously enrolled from 12
months pre-index to 36 months post-index date were evaluated. Among these patients (approximately 1.4 million),
the following were excluded to minimize complications in data analysis and interpretation: patients with evidence
of any HA use in the pre-index period; patients with evidence of a different kind of HA index medication in the
post-index period; patients with evidence of TKR within 30 days of the index event during the post-index period;
patients with evidence of 2 different kinds of HA index medications on the index date; and patients with evidence
of diagnosis of hip OA, fibromyalgia, rheumatoid arthritis, lupus, or gout during the pre-index period.

Five patient cohorts were defined according to the number of courses of IA HA injections over the entire post-
index period.

Statistical Analysis

All statistical analyses were performed using SAS version 9.2 (SAS Institute Inc.). Descriptive statistics such as
means, standard deviations, medians, and 25% and 75% percentiles (Q1 and Q3, respectively) were provided for
the continuous variables. Numbers and percentages were provided for the categorical variables. For statistical
testing, Student’s t-tests were applied for the continuous variables and chi-square tests for the categorical
variables. All the statistical tests were two-tailed. The sample sizes in this database study are remarkably large,
such that differences that are not clinically important could still be statistically significant at the conventional
alpha level of 0.05. Thus, we applied a more stringent requirement of the alpha level of 0.0001 to identify highly
statistically significant results. The number and percentage of patients within each cohort with at least 1 instance
of an adverse event of interest (those adverse events commonly expected for patients who receive IA injections for
knee OA) were assessed. Times to TKR during the 36-month post-index period were analyzed and compared
among different cohorts. Any patients who had not undergone TKR by the end of the post-index period were
considered censored at 36 months. The Kaplan-Meier method was employed to model survival curves with time to
TKR data, and log-rank tests were used to compare survival curves among different cohorts. A Cox proportional
hazards model (PHM) was used to model the risk of TKR with a pre-specified set of covariates adjusted for
baseline attributes, such as age, gender, comorbidities, and pre-index healthcare costs. Hazard ratios with 95%
confidence intervals were used to examine the measures of event risk.

Results

Patient Characteristics

Applying study selection criteria to the claims database yielded 50,389 patients (Figure 1), providing an ample
sample size for the statistical analysis. Only patients with evidence of knee OA and use of HA injections (the index
medication of interest) were selected, regardless of whether they received TKR during the post-index period. The
requirement for a knee OA diagnosis during the 12-month pre-index period resulted in the significant attrition of
patients, with 584,956 patients being excluded. Among the 50,389 patients who received HA for treatment of knee
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OA, 36,260 (72.0%) received a single course of treatment, 8709 (17.3%) received 2 courses, 3179 (6.3%) received
3 courses, 1354 (2.7%) received 4 courses, and 887 (1.8%) received =5 courses of treatment.

Comparison of baseline characteristics among the 5 IA HA cohorts showed the fairly similar baseline
characteristics of all cohorts (Table 1). Geographic region, physician specialty, and opioid use showed differences
among the cohorts. Cohorts with =5 HA courses presented lower proportions of patients from Southern US states,
patients seeing orthopedic surgeons, and patients using opioids than cohorts with fewer HA courses.

Procedures of Interest

An analysis of the procedures patients received after HA treatment initiation showed that higher numbers of HA
treatment courses resulted in lower proportions of patients receiving TKR within 3 years after HA treatment
initiation (Table 2). With an increasing number of HA treatment courses, the proportion of patients with TKR
within 3 years post-index consistently decreased from 28.4% (for 1 HA course) to 5.0% (for =5 HA courses), with
all differences being highly statistically significant (P < .0001). Similarly, partial knee replacement exhibited a
similar trend, with the proportion of patients decreasing from 3.3% (for 1 HA course) to 0.8% (for =5 HA courses;
P <.0001). Among the patients with TKR within 3 years post-index, increasing numbers of treatment courses
correlated with increasing time to TKR, with a mean of 375.6 days (for 1 HA course) rising to a mean of 971.5 days
(for =5 HA courses; P < .0001). On the other hand, patients with multiple courses of HA treatment were more
likely to undergo radiologic examinations of the knee, arthrocenteses, and image-guided injections than patients
with only a single course of HA treatment (P < .0001).

Adverse Events

Arthralgia and joint pain in the knee were the most commonly recorded adverse events (Table 3). More courses of
HA treatment were associated with higher rates of adverse events. Overall, the reported adverse events profile of
repeated courses of HA treatment consisted of mostly common and mild adverse events and displayed no safety
concern for patients with knee OA that was followed-up for 3 years. The causality of these adverse events directly
related to HA injections vs a specific disease state cannot be determined from an administrative claims data set.

Time to TKR

Successive courses of HA led to high proportions of patients without TKR 3 years after HA treatment initiation.
This result is evident in the Kaplan-Meier survival curves of time to TKR for different HA cohorts (Figure 2), with
log-rank tests of multiple courses vs a single course of HA (P < .0001) showing highly statistically significance.
Tabulation of proportions of patients without TKR by various time points showed that increasing numbers of HA
treatment courses correlated with higher proportions of patients without TKR at almost all time points (Table 4);
within 3 years post-index, 71.6% of patients in the 1 HA course cohort exhibited no TKR, whereas 95.0% of
patients in =5 HA courses cohort presented no TKR. We also performed a multivariate Cox PHM (Table 5) to
account for baseline characteristics of different HA cohorts with covariates when estimating the risks of receiving
TKR. The results of the Cox PHM showed that multiple courses of HA treatment significantly decreased the risk of
TKR (hazard ratio, 0.138 for =5 HA courses vs 1 HA course; P < .0001). Inspection of other highly significant
covariates showed that being older, living in the Midwest region of the US (vs the Northeast), receiving pre-index
corticosteroids, having an orthopedic surgeon as a treating physician (vs a general practitioner, a rheumatologist,
or a physical medicine and rehabilitation specialist), experiencing hypertension or hyperlipidemia, and higher pre-
index total healthcare costs were associated with an increased risk of TKR (all P < .0001). Vascular disease and
high CCI scores were associated with a decreased risk of TKR (P < .0001).
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Discussion

This study demonstrated that multiple courses of HA treatment can delay the need for surgery for up to 3 years,
with risk for both TKR and partial knee replacement decreasing in a dose-dependent manner. The potentially
confounding effect of differences in baseline characteristics that could influence patients’ propensity to receive
TKR in a database study was controlled by performing a multivariate analysis with covariate adjustment. The TKR-
delaying effect of HA injection was more prominent in cohorts with a high number of HA treatment courses: 19
out of 20 patients in the cohort of =5 HA courses were free of TKR at the end of the 3-year post-index period. Such
a high proportion of patients avoiding TKR with repeated courses of HA suggests that some patients may be able
to successfully delay TKR well beyond the 3-year time span. This finding is counter-evidence to the frequently
made assumption'’ that all patients with knee OA will eventually progress to a state of disability, making TKR
inevitable. The patients with end-stage radiographic knee OA can also benefit from IA HA injections for an
extended period of time;'°the latest evidence indicates that nonoperative management can improve symptoms
irrespective of radiographic disease severity, implying that TKR needs not to be the only therapeutic option for
patients with end-stage radiographic knee OA." This finding suggests that HA treatment should be considered an
important clinical treatment option for patients with knee OA.

Although the incidence rates of certain adverse events, such as arthralgia/joint pain, are sizable, these temporary
adverse events commonly occur among patients who receive IA injections for knee OA; most of these events may
simply include symptoms of the remaining underlying knee OA. These results are consistent with those of previous
literature reporting the safety of repeated treatment with IA HA injections in a prospective clinical trial*® and
demonstrating that repeated courses of HA treatment pose no greater safety risk than a single course of HA
treatment.

Multivariate modeling outcomes of factors influencing risk of receiving TKR are broadly consistent with the
generally accepted notions that different levels of disease severity and patients’ willingness to consider TKR at
baseline influence the likelihood and timing of receiving TKR.""*’ Age and obesity are common risk factors for
progression of OA. Orthopedic surgeons are more likely to recommend surgery than non-surgeons. The pre-index
use of corticosteroids and high pre-index healthcare costs could be associated with more severe symptoms at
baseline. Patients with vascular disease or severe comorbidities, as evidenced by high CCI scores, make poor
candidates for major elective surgeries such as TKR. These results are intuitive and validate the clinical insights of
this study. Moreover, inclusion of these covariates in the analysis model allows for indirect adjustment of the most
important prognostic factors for TKR at baseline, permitting proper statistical comparison of the results for
different cohort groups.

Recently, the efficacy of HA injections for OA patients has become the subject of debate when the American
Academy of Orthopaedic Surgeons (AAOS) revised its clinical practice guideline, recommending against the use of
HA.* The AAOS'’ findings differ from those of other clinical societies, such as the American College of
Rheumatology**and the European League Against Rheumatism,” which provide no strong recommendation
against the use of HA injections. The announcement of the new guideline by AAOS caused concern among
clinicians and payers who had valued IA HA injections as a means to control knee OA pain before patients
progress to TKR;* on the other hand, the demand for nonoperative treatment of knee OA remains high. Utilization
rates of TKR have increased dramatically, and surgeries are now performed on younger patients with increasing
burden on the healthcare system,*** in spite of the fact that as high as a third of TKR surgeries may have been
performed in inappropriate patients.”’ Part of the confusion surrounding clinical utility of HA stems from the fact
that up until recently, relatively little research looked into the practical benefits of HA in actual clinical practice.
Analyses of databases such as registries are now gaining attention to overcome that problem. Examination of
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large administrative databases maintained by commercial payers offers the benefit of probing realistically the
safety and efficacy of treatments in actual clinical environments in a very large number of patients with
heterogeneous backgrounds. Recently, the Agency for Healthcare Research and Quality’s Technology Assessment
Program in the US called for such studies to determine whether HA injections can delay progression to TKR.” The
results of this study and several others"'*'*'® suggest that use of HA to treat OA of the knee is associated with the
delay of TKR, supporting the utility of HA in clinical practice and the healthcare system. Potential clinical benefits
of delaying TKR may include the reduced risk of aseptic loosening if younger patients can wait for TKR or more
time to allow the modification of risk factors in patients who will ultimately undergo TKR.

Limitations

Follow-up period was limited to 3 years post-index date because longer follow-up data were not available at the
time of the study design. If an incorrect adverse event or OA diagnosis was listed in the medical record, or if the
medical record was incomplete, then patients might have been misclassified, resulting in selection bias. The
claims dataset includes no uninsured and Medicare patients, as the population in the database consisted primarily
of commercially-insured patients in the US. Therefore, the results are most generalizable to other commercially-
insured patients in the US. Generalizability to other populations may not be assured if they differ in their
accessibility to physician services or prescriptions from the patients in this study. Other treatments such as the
nonsteroidal anti-inflammatory drugs used by patients were not included within the pre-specified statistical model
because their potential effects were assumed to be short-lived and much less than those of corticosteroid.
Including these treatments would overload the statistical model with too many covariates, leading to potential
computational instability. The database used provides no information on systemic factors, including plan limits on
medication use, that could affect care. Given the large and diverse nature of the healthcare plans in the database.
However, these factors should not have materially affected our study results. The claims database also lacks direct
indicators of OA disease severity, such as Kellgren-Lawrence scores or patient-reported outcomes, including pain
and function questionnaire scores. Our multivariate analysis indirectly makes up for this deficiency by considering
other baseline characteristics or clinical indicators that may be correlated with information unavailable in a claims
database. Patients who opt to undergo repeated courses of HA treatment may be more inclined to avoid surgery or
may naturally experience OA disease progression more slowly, making them potentially different from patients
who select to undergo surgery earlier without repeated courses of HA treatment. This condition may introduce a
bias that causes difficulty in proving the causality between repeated HA use and delay of TKR.

Conclusion

Analysis of the knee OA patient data from a real-world database showed that repeated courses of treatment with
HA are safe and are associated with the delay of TKR for up to 3 years. Additional research is needed to evaluate
the effects of repeated HA courses on delaying TKR beyond a 3-year period.

Key Info
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of study patient selection process,
Abbreviations: HA, hyaluronic acid; OA, osteoarthritis; RA, rheumatoid arthritis; TKR, total knee replacement.
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Figure 2. Kaplan-Meier survival curves of time to total knee replacement (TKR) data for different hyaluronic acid (HA) cohorts.
Plot of percentages of patients who have not experienced TKR surgery across the 3-year follow-up period.
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Table 1.
P-value
HA1vs. HA1vs. HAlvs. HAlvs

HA1Course  HA2Courses  HA3Courses  HA@Courses  HAG+Courses HA2  HA3  HA4  HAS+
Total Patients 36,260 8709 3179 1354 887
Age (Years) (n%):
18-44 3414 94% 738 85% 256 B1% 123 9% 66 74% 00005 00573 09654  0.0004
4554 10571 282% 2519 206%  OBB  304% 391 288% 224 253%
55-64 14608 40.3% 3659 42.0% 1282 403% 852 40.8% 366 3%
65+ 7667 2L0% 1733 199% 613 212% 28 213% 231 260%
Mean 57.48 57.44 5173 5795 5873 07071
S0 1061 10.24 1013 10.50 10.26
Median 5 57 57 57 8
151 quar tile 51 51 51 51 52
3rd quartile 53 62 B2 62 55
Gonder (n%)
Male 14836 409% 3420 39.3% 1278 402% 531 392% 356 401% 0005 04321 0219 0.6405
Female 2424 59.0% 5,289 60.7% 1901 598% B23 60.8% 531 59.9%
Plan Type (%)
Consumer.directed 9% 03% 6 02% 5 02% 1 01% 3  03% 0007 02504 00184 04642
Healthcare Product 1,291
Health Maintenance 5075  14.0% 635 14.8% 473 149% 207 15.3% 125 141%
Organization (HMO}
Indesnaity Plan 2504 72% 449 73% 201 B3% 14 92% 4 83%
Point of Service [POS] 1739 48% 6208 52% 82  S0% 61 45% 52 59%
Prafarred Provider B39 728% N2 713% 2308 726% 944 697% 624 703%
Organization (PPO)
Unknown B 10% 13 20 09% 7 13% 9 10%
Payer Type (n.%k
Commercial Plan 0612 568% 5013 576% 1830 576% 788 582% 523 590% 04134 02002 00125 00163
Medicaid W5 03% 19 02% 15 05% 3 02% 5  06%
Medicare Risk T4 20% 169 19% 69 22% 2 20% 1 12%
Medicare Cost 671 18% 164  19% 68 20% 39 20% 27 30%
Self-Insured 13941 384% 3786 3NT% 1184 372% 484 BI% an 3BI%
Unknown 187 05% 58 07% 13 04 13 10% 4 05%
Geographic Region in %)
Northeast 9395 259% 2488 286% 99 29.2% 387 2856% 250 282% <0001 <0001 00002 0.0031
Midwest 12817 3% 3097 356% 1063 36B% 52 3B6% M0 393%
South 11,190 309% 2427 279% B2 Z6.0% 358 64% 222 50%
West 285 79% 697 B0% 255 B0% 87 G4% 75 85%
Physician Specialty (n.%):
Orthopedic Surgery 17509 484% 4098  471% 1469 462% 637  470% 388 437% 00084 0001 00187 00101
GRIFRAIM 662 18% 182 21% 69 22% M 25% 2 24%
Orthopedics 20688 57% 515 59% 28 72% 100 4% 72 81%
Physical Medicine and 1,043 29% 303 35% 100 % 45 33% il 33%
Rehabilitation
Rheumatology 2818 78% 652 75% 218 69% 89 B6% 75 85%
Other 12730 335% 2959  360% 1095 344% 449 3I2% 302 340%
Charlson Comarbidity Score
L 22186 612% 5211 605% 1939 610% 815 602% 540 609% 01583 04571 06I05 009
0 7038 187% 1778 204% 601 188% 274 202% 186 210%
! 4080 M3% 1028 N7% W2 NI% 150 1% 78 88%
2 1572 43% 355 41% 186 49% 57  42% 41 53%
3 174 35% M2 3% M 35% 58 43% 36 41%
4+
Mean 073 (i8] 074 076 075 08795 0485 03373 06485
s 120 18 120 123 128
Median 000 0.00 0.00 0.00 000
st quartile 0.00 0.00 0.00 000 000
rd quartile 100 100 100 100 100
Comarbidities of Interest
fn%F 18052 498% 4478 508% 1587 43.9% BBS 506% 428 484% 00758 0B827 05603 0.4035
Hypertension 17,253 476% 4235 48.6% 1519 478% 687 50.7% a4 534% 0.0 08278 00224 00008
Hyperiipidemia 6544 180% 1572 18I% 543 % 241 178% 162 183% 0895 0735 08IS5 08685
Diabetes 38 0% B 0% 6 02% 1 0% 1  01% 0745 NA NA NA
Schizophtenia 177 a2% 288 33% 09 34% 41 30% 25 28% 07737 0578 0655 0470
Major depression %3 10% 9% 1% 38  12% 15 W% 13 15% 0398 020652 0639 04721
Bipolar disorder 10849 209% 2605 299% 949 299% 413 05% 266 300% 09877 09361 06461 09648
WS Ty 107 30% 0 32% 95 30% 38 28% 28 32% 0194 09M8 07533 072
Livar disease 276 60% 49 57% 213 B7% 87  G4% 6 69% 0298 013 05191 0.2786
Renal disease 148 41% 331 38% 15 36% 47 35% 27 30% 01607 0608 02205 01069
Substanceabusedisorder 1470 4% 333 38% 16 36% 58  43% 39 44% 0325 02649 O06M4 05094
COPD 3033 B4% 729 B4% 280  9I% 128 95% 81  91% 09854 0M03 01562 0412
Anemia
Medications of Interest (n,%):
Corticosteroids 2400 618% 5216 599% 1897 597% 816  603% 532  600% 00012 00194 02617 0.2762
NSAIDS 14091 389% 3248 373% 1221 384% 525 388% 306 345% 0007 06155 09486 00084
Cox-2 Inhibitors 3071 85% 802  92% 298 94% 123 91% 87  98% 0022 00802 043 01578
Analgescs Non-Narcotic 599 1.7% 160 18% a7 15% il 21% pid 27% 02282 04599 0672 0.0157
Opioids 18083 499% 4183 48.0% 1494 470% B36 470% 405 457% 0002 00019 00362 0.0132
Anti-Inflammatory m 0.3% 13 0.1% 0 0.3% 2 0.2% 2 02% 00122 09342 NA NA
Analgesics (non-NSAID)
H2 blocker 957 26% M2 28% 84  26% 27  20% 32  36% 04682 0997 O0M42 00767
PPl 7446 205% 1876 21.5% 708 22.3% 325 240% 209 236% 00376 00205 0.002 0.0276
Pre-index healthcare costs ~ 10947.3 10934.2 101489 124002 103753 03517 05492 00041 03508
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Table 2.
HA 1 Course HA2Courses  HA3Courses  HA4 Courses HA 5+ Courses
© ON3260  N-80S  N=318 N34 NessT P-value
T R T T N e T e A R D O PO A H!'n . “Mu - HA"‘. 5 H,““ :
N % N % N % N % N % HA2 HA3 HA 4 HA S+

Patients experiencing TKR 10,286 284% 1977 227% 514 162% 137  100% 44 5.0% <0001 <0001 <0001 <0001
in 3 years post-index (n, %)

Days between LA initiation

and TKR [for TKR within

3 years post-index)
Mean 3756 6176 7770 BES.6 9715 <000 <0001 <0001 <0001
S0 270.6 230 1837 159.7 892
Median 291 BO2 176 812 a70
15t quartile 158 425 634 122 809
3rd quartile 545 B4 937 930 1,066

Procedures of interest (n,%)
Qsteotomy
Radiologic exam of 4 01% B 0.1% 1 0.0% 0 0.0% 1 01% 0.5500 NA NA MNA
the knee 21526 594% G552 752% 2196 75.4% 939 13.8% 619 69.8% <0001 <0001 <0001 <0001
Asthrocentesis of knee
Arthroscopy of knes 34193 943% @667 995% 3167 996% 1348 905% BB1 99.3% <0001 <0001 <0001 <0001
Meniscectomy 10 0.3% 2 0.3% 4 01% 0 0.0% 0 0.0% 0.4318 0.0738 NA NA
Meniscus repair 2857 19% 922 10.6% 320 10.0% 122 9.0% 48 5.4% <0001 <0001 0.1302 0.0068
Partial knee replacement 36 01% 1 0.1% 3 0.1% 3 0.2% 1 0.1% 0.4834 NA NA NA
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Table 4.

Survival rate (proportion without TKR)

Time (yr) 1 course 2 courses Icourses 4 courses 54 courses
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