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Abstract
Background: Identification of the optimal treatment for a given patient is of paramount importance. This is of
particular relevance in osteoarthritis (OA) because of the high prevalence of the disease, extensive heterogeneity of
the disease, and need for long-term treatment. The aim of the study was to examine whether serum
lysophosphatidylcholines (lysoPCs) to phosphatidylcholines (PCs) ratio can predict clinical response to licofelone
and naproxen treatments in symptomatic knee OA patients.
Methods: One hundred fifty-eight OA patients who completed the study according to protocol (ATP) of a previous
24-month clinical trial cohort comparing the effect of licofelone vs. naproxen in symptomatic knee OA patients
were included. Symptomatic responses to either treatments were classified according to the OARSI-OMERACT
criteria based on the WOMAC scores at 24 months. Total concentrations of PCs and lysoPCs were measured in the
serum samples collected before the initiation of the treatments, and the lysoPCs to PCs ratio was calculated.
Student’s t test was utilized to compare the difference in the ratio of lysoPCs to PCs between the symptomatic
responders and non-responders. Logistic regression was utilized to adjust for the potential confounders. Receiver
operating characteristic (ROC) analysis was performed to identify the optimal cutoff of the ratio for prediction.
Results: Data showed that 61.4% of the patients symptomatically responded to licofelone and naproxen and 38.6%
were deemed as therapeutic failures (non-responders). There was no difference in responders between licofelone and
naproxen (p = 0.87). Responders had a significantly higher lysoPCs to PCs ratio than non-responders (0.097 ± 0.003 vs.
0.085 ± 0.003; p = 0.006). Patients with a ratio greater than the optimal cutoff of 0.088 had 2.93 times more likely to
respond to licofelone and naproxen (p = 0.002).
Conclusions: Serum lysoPCs to PCs ratio is a marker for response to licofelone and naproxen and may aid in the
personalized treatment to knee OA.
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Background
Osteoarthritis (OA) is the most common form of arthritis, affecting about 10% of the world’s population and
about half of the population aged 60 years or older [1].
This disease demonstrates a major source of joint pain
and disability [2] and imposes a substantial socioeconomic burden on society with a cost estimate of between
1 and 2.5% of gross domestic product [3]. However,
there is no cure for it yet. At present, the primary goal
of treatment is symptom management.
Non-steroidal anti-inflammatory drugs (NSAIDs) are
widely used effective agents for symptomatic management for OA patients. NSAIDs exert their effects by
inhibiting biosynthesis of prostaglandins (PGs) by acting on the cyclooxygenase enzymes (COX). However,
NSAIDs differ widely in their chemical composition
and class, and the response to them varies among patients. For example, while a clinical trial demonstrated
a significant mean difference in pain relief between
etoricoxib and placebo in knee OA patients, only 50%
of patients achieved at least 50% pain relief for 60 mg
etoricoxib [4]. The study showed that at least three to
four patients were needed to treat with etoricoxib in
order for one patient to achieve at least 50% pain relief [4]. Licofelone is an anti-inflammatory and dual
inhibitor of COX (both COX-1 and COX-2) and 5lipoxygenase (5-LOX) having both analgesic and antiinflammatory properties [5] and causing little or no
damage to the gastric mucosa than NSAIDs [6]. Similar to NSAIDs, response to it also varies among patients. This is not surprising given that OA is known
as a heterogeneous disease, and the pain related to
this disease can be classified into many different types
of pain such as inflammatory, weight-bearing, multisite, and central. It is, therefore, important to develop
tools that can identify patients who will respond to a
symptomatic treatment. Biomarkers could have the
potential for this purpose.
Recent application of metabolomics in OA research
has identified several metabolic markers for OA, and
lysophosphatidylcholines (lysoPCs) to phosphatidylcholines (PCs) ratio is a very promising one [7, 8]. Given
that the conversion of PCs to lysoPCs releases polyunsaturated fatty acids including arachidonic acid, linoleic
acid, and linolenic acid, which are precursors of bioactive molecules including eicosanoids, prostanoids, and
endocannabinoids involving a variety of physiological
processes such as inflammatory processes [9], we hypothesized that the lysoPCs to PCs ratio can predict the
response to a symptomatic drug including an NSAID.
To test this hypothesis, we used data from a phase III
clinical trial of patients with symptomatic knee OA comparing the effect on cartilage volume loss of treatment
with licofelone vs. the NSAID naproxen [10].
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Patients and methods
OA patients

This post hoc study used a cohort from a previously
published phase III clinical trial of patients with symptomatic knee OA comparing the effect on cartilage volume loss of oral treatment with licofelone (200 mg twice
a day) vs. naproxen (500 mg twice a day) [10]. The patients (n = 158) selected were those who completed the
study according to protocol (ATP) [10–12], had serum
collected at baseline, and WOMAC questionnaire data
at baseline and 24 months. Briefly, patients with primary
symptomatic knee OA of the medial tibiofemoral compartment, diagnosed according to the American College
of Rheumatology (ACR) criteria [13], were recruited
from outpatient rheumatology clinics. Patients had a
pain level of no less than 40 mm on the visual analog
scale, radiographic OA grade 2–3 on the KellgrenLawrence (KL) scale, and at least one of the following
three risk factors for increased risk of progression: body
mass index (BMI) > 30 kg/m2, presence of Heberden’s
nodes, or female gender. The original study protocol was
approved by IRB Institutional Review Board Services,
Toronto, ON, Canada, and the institutional review board
of the Centre hospitalier de l’Université de Sherbrooke
(Sherbrooke, QC, Canada), and all patients gave their
oral and written informed consent to participate, including permission for the use of serum to be collected
throughout the study for biomarker studies.
Symptomatic responder assessment

Symptomatic responders were defined according to the
OARSI-OMERACT criteria [14]. Patients were classified
as responders if they met the following criteria: 50% improvements either in WOMAC pain or function score
between baseline and at 24 months and absolute change
was ≥ 20 on the 100 scale. For those who did not meet
the above criteria, they were classified as responders if
they met at least two of three of the following: ≥ 20%
pain relief and absolute change ≥ 10; ≥ 20% function improvement and absolute change ≥ 10; and ≥ 20% improvement on global WOMAC score and absolute ≥ 10.
Serum metabolic profiling

Metabolic profiling on the serum samples collected at
baseline after overnight fasting was performed as previously described [8] using Biocrates AbsoluteIDQ® p180
kit. The assay measured 11 different lysoPCs and 73
PCs per sample. The serum concentration data on these
lysoPCs and PCs were retrieved from the database, and
the total concentration of the lysoPCs and PCs was calculated as the sum of all the different species in each
class. The ratio was then derived by total lysoPC concentration divided by total PC concentration and used
in the analysis.
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Statistical analysis

Table 1 Patient characteristics

The distribution of the lysoPCs to PCs ratio was
checked; one subject was identified as an outlier because the ratio was greater than 3 standard deviation
(SD) from the mean and removed from the subsequent
analysis. Student’s t test was utilized to compare the
difference in the ratio of lysoPCs to PCs between the
symptomatic responders and non-responders. Logistic
regression was utilized to examine the potential
confounding effects of age, sex, BMI, and treatments.
Receiver operating characteristic (ROC) analysis was
performed to examine the prediction power of the ratio for symptomatic responders, and the maximizes
sensitivity and specificity simultaneously (MaxSpSe)
method was used in the OptimalCutpoints R package
to identify the optimal cutoff value for the prediction
of responders. The analyses were done in STATA/ST
11.2 and R version 3.5.0.

Variables

Results
One hundred fifty-eight symptomatic knee OA patients
were included. Based on the OARSI-OMERACT criteria
[14], 61.4% were classified as symptomatic responders to
licofelone and naproxen and 38.6% were non-responders.
Seventy-nine patients were treated with licofelone and 79
with naproxen. There was no difference in the symptomatic responders between licofelone and naproxen treatments (Table 1); thus, further analysis used the entire
ATP cohort. The responders were not associated with age,
sex, and baseline BMI (Table 1).
One patient as an outlier was excluded in the subsequent
analysis. Symptomatic responders had a significantly higher
serum lysoPCs to PCs ratio than non-responders (0.097 ±

Responders
(n = 97)

Nonresponders
(n = 61)

p
value

Age (years)

60.6 ± 0.8

60.9 ± 1.0

0.80

2

BMI (kg/m )

31.6 ± 0.6

32.2 ± 0.7

0.50

Sex (% female)

68.0

70.5

0.75

Treatments (licofelone and
naproxen) (% for licofelone)

49.5

50.8

0.87

Numbers are either mean ± SD or percentage

0.003 vs. 0.083 ± 0.003; p = 0.0006) (Fig. 1). ROC curve analysis showed that the ratio had an AUC of 0.66 (95% CI
0.57, 0.75) to distinguish symptomatic responders from
non-responders (Fig. 2). The optimal cutoff was determined
as 0.088 by the OptimalCutpoints R package with the
MaxSpSe method. Using the optimal cutoff, patients with a
ratio of ≥ 0.088 had 2.93 times (95% CI 1.50, 5.70; p =
0.002) more likely to respond to licofelone and naproxen
than those with a ratio of < 0.088. The association between
the lysoPCs to PCs ratio and symptomatic responders virtually remained the same after adjustment for age, sex, BMI,
and treatments.

Discussion
NSAIDs are the first choice for OA patients to manage
their joint pain because of their robust efficacy and long
history of clinical use. However, NSAIDs are a chemically
heterogeneous group of compounds, and the response to
them varies among patients, whereas licofelone, a dual inhibitor of both COX and 5-LOX, was also shown to have
symptomatic benefit in OA patients [5].
Our data demonstrated, for the first time, that the
metabolomic product serum lysoPCs to PCs ratio is

Fig. 1 Boxplots for serum lysoPC to PC ratio in symptomatic responders and non-responders to licofelone and naproxen in symptomatic knee
OA patients. Note: one outlier was excluded in the analysis, and the total number of patients included was 157. lysoPCs are the total serum
concentration of all lysophosphatidylcholines; PCs are the total serum concentration of all phosphatidylcholines
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Fig. 2 Receiver operating characteristic (ROC) curve for serum lysoPCs to PCs ratio for predicting responders to licofelone and naproxen in
symptomatic knee OA patients. lysoPCs are the total serum concentration of all lysophosphatidylcholines; PCs are the total serum concentration
of all phosphatidylcholines

associated with responders of OA patients to the
symptomatic treatments licofelone and naproxen.
Such data provides a personalized medicine tool for
clinicians when treating joint pain for OA patients.
Previously, we reported that the lysoPCs to PCs ratio in the plasma was associated with knee OA risk
[7]. In which the ratio of 0.09 was the optimal cutoff
to distinguish advanced knee OA patients from
healthy individuals [7]. Moreover, we found that
people with a ratio greater than or equal to this optimal cutoff were 2.3 times more likely to undergo
total joint replacement surgery due to primary OA
over 10 years [7]. Interestingly, the same cutoff number was found in the current study as the optimal
one to distinguish knee OA patients who symptomatically responded to the treatment with licofelone and
naproxen from those who did not, suggesting the optimal cutoff can be generalized to other population.
Increased lysoPCs to PCs ratio indicates a higher
activity of the conversion of PCs to lysoPCs. In turn,
such activity leads to the release of long-chain polyunsaturated fatty acids, like arachidonate, then to the
activation of eicosanoid pathways and production of
bioactive compounds such as PGs leading to OA
joint symptoms. Thus, an increased lysoPCs to PCs
ratio points to an elevated inflammatory process
within the body. Given that both products, licofelone
and naproxen, target the PGs inhibition, it is not
surprising that a higher ratio can predict symptomatic responders. This could imply that responders
had a higher level or more predominant level of the
inflammatory process than the non-responders, thus
more likely to benefit from the treatments that

target on inflammation process. In this line of
thought, it has also been reported that this ratio is
an indicator of the activity of another arthritis disease, rheumatoid arthritis (RA), and can monitor the
anti-inflammatory effects of TNF-⍺ in those patients
[15]. This latter study also demonstrated similar results with either serum or synovial fluid. These data
with the findings in the current study suggest that
the lysoPCs to PCs ratio might not be diseasespecific but rather inflammation-specific. However,
further studies are needed to confirm this
assumption.
The limitation of the study was that all the study
participants were obese. While the observed association virtually remained the same after adjustment for
BMI, further studies are needed to examine whether
the current findings can apply to non-obese patients.
In conclusion, our data suggest that serum lysoPCs to
PCs ratio could be considered as a personalized medicine tool for prioritizing OA patients receptive to respond to a symptomatic drug.
Abbreviations
5-LOX: 5-Lipoxygenase; ACR: American College of Rheumatology;
ATP: According to protocol; BMI: Body mass index; COX: Cyclooxygenase
enzymes; KL: Kellgren-Lawrence; lysoPCs: Lysophosphatidylcholines;
MaxSpSe: Maximizes sensitivity and specificity simultaneously; NSAIDs: Nonsteroidal anti-inflammatory drugs; OA: Osteoarthritis; OARSI: Osteoarthritis
Research Society International; OMERACT: Outcome Measures in
Rheumatology; ON: Ontario; PCs: Phosphatidylcholines; PG: Prostaglandins;
RA: Rheumatoid arthritis; ROC: Receiver operating characteristic; SD: Standard
deviation; TNF- : Tumor necrosis factor alpha; WOMAC: Western Ontario
and McMaster Universities Osteoarthritis Index
Acknowledgements
We thank all the study participants who made this study possible. Metabolic
profiling was done at The Metabolomics Innovation Centre (TMIC).

Zhai et al. Arthritis Research & Therapy

(2019) 21:224

Page 5 of 5

Authors’ contributions
GZ and JMP contributed to the conception and design of the study. GZ, ML,
JPP, ER, PR, and JMP contributed to the acquisition of the data. GZ
contributed to the analysis. GZ, ML, JPP, ER, PR, and JMP contributed to the
interpretation of the data. GZ and JMP drafted the article, and ML, JPP, ER,
PR, and JMP revised it critically for important intellectual content. All authors
read and approved the final version to be submitted.

7.

Funding
The current study was supported by the Canadian Institutes of Health
Research (CIHR). The original trial was supported in part by grants from
Merckle GmbH (Ulm, Germany) and ArthroLab, Inc. (Montréal, QC, Canada).
The funding sources did not have any role in the study design, collection,
analysis, and interpretation of the data.

9.

10.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

11.

Ethics approval and consent to participate
The original study protocol was approved by a central review board (IRB
Institutional Review Board Services, Toronto, ON, Canada) and the
institutional review board of the Centre hospitalier de l’Université Sherbrooke
(Sherbrooke, QC, Canada). The original trial was conducted in compliance
with the ethical principles that have their origin in the Declaration of Helsinki
(2000) and are consistent with the “Good Clinical Practice” ICH Tripartite
Guideline (January 1997) and the applicable laws and regulations of Canada,
whichever afforded the greater protection to the individual. Ethical approval
for this post hoc study was obtained with the original study; thus, further
approval was not required. All patients provided informed consent.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Discipline of Genetics, Faculty of Medicine, Craig L Dobbin Genetics
Research Centre, Memorial University of Newfoundland, St. John’s, NL A1B
3V6, Canada. 2Osteoarthritis Research Unit, University of Montreal Hospital
Research Centre (CRCHUM), Montreal, QC, Canada. 3Department of
Laboratory Medicine, Faculty of Medicine, Memorial University of
Newfoundland, St. John’s, NL, Canada. 4Discipline of Medicine, Faculty of
Medicine, Memorial University of Newfoundland, St. John’s, NL, Canada.
Received: 25 June 2019 Accepted: 16 September 2019

References
1. WHO Scientific Group. The burden of musculoskeletal conditions at the
start of the new millennium: Report of a WHO Scientific Group. In. Geneva:
World Health Organisation; 2003.
2. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, Shibuya
K, Salomon JA, Abdalla S, Aboyans V, et al. Years lived with disability
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a
systematic analysis for the Global Burden of Disease Study 2010. Lancet.
2012;380(9859):2163–96.
3. Hiligsmann M, Cooper C, Arden N, Boers M, Branco JC, Luisa Brandi M,
Bruyere O, Guillemin F, Hochberg MC, Hunter DJ, et al. Health economics in
the field of osteoarthritis: an expert’s consensus paper from the European
Society for Clinical and Economic Aspects of Osteoporosis and
Osteoarthritis (ESCEO). Semin Arthritis Rheum. 2013;43(3):303–13.
4. Moore RA, Moore OA, Derry S, McQuay HJ. Numbers needed to treat
calculated from responder rates give a better indication of efficacy in
osteoarthritis trials than mean pain scores. Arthritis Res Ther. 2008;10(2):R39.
5. Kulkarni SK, Singh VP. Licofelone--a novel analgesic and anti-inflammatory
agent. Curr Top Med Chem. 2007;7(3):251–63.
6. Smolka AJ, Goldenring JR, Gupta S, Hammond CE. Inhibition of gastric H,KATPase activity and gastric epithelial cell IL-8 secretion by the pyrrolizine
derivative ML 3000. BMC Gastroenterol. 2004;4:4.

8.

12.

13.

14.

15.

Zhang W, Sun G, Aitken D, Likhodii S, Liu M, Martin G, Furey A, Randell E,
Rahman P, Jones G, et al. Lysophosphatidylcholines to phosphatidylcholines
ratio predicts advanced knee osteoarthritis. Rheumatology (Oxford). 2016;
55(9):1566–74.
Zhai G, Pelletier JP, Liu M, Aitken D, Randell E, Rahman P, Jones G, MartelPelletier J: Activation of the phosphatidylcholine to lysophosphatidylcholine
pathway is associated with osteoarthritis knee cartilage volume loss over
time scientific reports 2019, In press.
Astudillo AM, Balgoma D, Balboa MA, Balsinde J. Dynamics of
arachidonic acid mobilization by inflammatory cells. Biochim Biophys
Acta. 2012;1821(2):249–56.
Raynauld JP, Martel-Pelletier J, Bias P, Laufer S, Haraoui B, Choquette D,
Beaulieu AD, Abram F, Dorais M, Vignon E, et al. Protective effects of
licofelone, a 5-lipoxygenase and cyclo-oxygenase inhibitor, versus naproxen
on cartilage loss in knee osteoarthritis: a first multicentre clinical trial using
quantitative MRI. Ann Rheum Dis. 2009;68(6):938–47.
Martel-Pelletier J, Raynauld JP, Dorais M, Abram F, Pelletier JP. The levels of
the adipokines adipsin and leptin are associated with knee osteoarthritis
progression as assessed by MRI and incidence of total knee replacement in
symptomatic osteoarthritis patients: a post hoc analysis. Rheumatology
(Oxford). 2016;55(4):680–8.
Pelletier JP, Raynauld JP, Caron J, Mineau F, Abram F, Dorais M, Haraoui B,
Choquette D, Martel-Pelletier J. Decrease in serum level of matrix
metalloproteinases is predictive of the disease-modifying effect of
osteoarthritis drugs assessed by quantitative MRI in patients with knee
osteoarthritis. Ann Rheum Dis. 2010;69(12):2095–101.
Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, Christy W, Cooke
TD, Greenwald R, Hochberg M, et al. Development of criteria for the
classification and reporting of osteoarthritis. Classification of osteoarthritis of
the knee. Diagnostic and Therapeutic Criteria Committee of the American
Rheumatism Association. Arthritis Rheum. 1986;29(8):1039–49.
Pham T, Van Der Heijde D, Lassere M, Altman RD, Anderson JJ, Bellamy N,
Hochberg M, Simon L, Strand V, Woodworth T, et al. Outcome variables for
osteoarthritis clinical trials: the OMERACT-OARSI set of responder criteria. J
Rheumatol. 2003;30(7):1648–54.
Fuchs B, Schiller J, Wagner U, Hantzschel H, Arnold K. The
phosphatidylcholine/lysophosphatidylcholine ratio in human plasma is an
indicator of the severity of rheumatoid arthritis: investigations by 31P NMR
and MALDI-TOF MS. Clin Biochem. 2005;38(10):925–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

