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Abstract 

Background  NSAIDs are commonly used as first line therapy in chronic nonbacterial osteomyelitis (CNO) but are 
not effective for all patients. The objective of this study was to identify clinical variables associated with NSAID mono-
therapy response versus requiring second-line medication in a single-center cohort of patients with CNO.

Methods  The charts of children with CNO who attended a CNO clinic at a quaternary care center between 1/1/05 
and 7/31/21 were retrospectively reviewed. Patients were divided into 3 groups: NSAID-short (NSAID monotherapy 
for 3 to < 7 months), NSAID-long (NSAID monotherapy for ≥ 7 months), or second-line treatment. Patients were 
also categorized by which bodily regions were affected by CNO. Multiple linear and logistic regression models were 
constructed to predict total NSAID monotherapy days and the odds of needing second-line treatment, respectively. 
These models were optimized using variable combinations that minimized multicollinearity and maximized predic-
tive power, as indicated by minimized AIC values.

Results  One-hundred-sixty-four patients fulfilled inclusion criteria. Thirty-two patients were in the NSAID-short 
group, 62 in the NSAID-long group, and 70 in the second-line treatment group. Comparing the two NSAID groups 
showed that patients with unifocal disease at diagnosis required 47% fewer days of NSAIDs than those with multifocal 
disease. Results from logistic regression indicated that for each additional region affected, the odds of needing second 
line treatment increased by 1.94 times (p = 0.01) and that patients with symmetric bone lesions were 6.86 times more 
likely to require second-line treatment (p < 0.001).

Conclusions  Patients with unifocal CNO involvement at diagnosis were more likely to require shorter NSAID treat-
ment. Patients with more regions affected and those with symmetric bone lesions were more likely to require second-
line treatment.
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Background
Chronic Nonbacterial Osteomyelitis (CNO) is an inflam-
matory condition characterized by sterile bone lesions 
[1–3]. CNO may develop in any part of the skeleton but 
has a predilection for the metaphysis of long bones, clavi-
cles, and vertebrae, particularly in the skeletally imma-
ture [4–11]. In its mildest form, CNO manifests as a 
self-limited and unifocal disease. In contrast, the form of 
CNO sometimes referred to as Chronic Recurrent Multi-
focal Osteomyelitis (CRMO), causes chronic, recurrent, 
and multifocal bone lesions [12, 13]. Diagnosis of CNO 
is often delayed since the disease typically presents in an 
indolent manner [3]. Multiple diagnostic criteria have 
been proposed including those by Jansson and Bristol, 
but none are universally accepted [2, 14].

Severity of the disease at onset, presence of comorbidi-
ties such as inflammatory bowel disease (IBD) or juvenile 
idiopathic arthritis (JIA), and involvement of high-risk 
sites, namely vertebrae which are at risk of compression 
fracture, impact initial treatment decisions for patients 
with CNO [3, 6, 11, 15, 16]. In cases with inflamma-
tory comorbidities, treatment with immunosuppressive 
therapy, typically a tumor necrosis factor alpha inhibitor 
(TNFi) is considered to treat both conditions. In cases 
with active spinal lesions, patients are generally treated 
with bisphosphonates or a TNFi [5, 9–11, 17, 18].

In patients without inflammatory comorbidities or spi-
nal involvement, nonsteroidal anti-inflammatory drugs 
(NSAIDs) remain the mainstay of first-line treatment 
[4, 6, 8–11, 15, 18–22]. NSAIDs have been proven to 
resolve pain and radiologic evidence of disease activity 
in 13–83% of patients [6, 9–11, 14, 19–22]. Ninety-five 
percent of surveyed North American pediatric rheu-
matologists in 2015 reported using NSAIDs as first-line 
treatment for CNO [23]. The treatment duration varies 
widely from several months to one or more years after 
the disease is controlled due to the lack of evidence [11, 
24]. Since long-term use of NSAIDs can be complicated 
by gastrointestinal side effects including gastritis and 
intestinal ulcer formation, it is preferable to avoid unnec-
essarily prolonged treatment [25].

For patients who fail to respond sufficiently to NSAIDs 
or who have active spinal lesions, the Childhood Arthritis 
and Rheumatology Research Alliance provides consensus 
treatment plans for the following treatments: 1) metho-
trexate or sulfasalazine, [2] TNFi with optional use of 
methotrexate, and [3] bisphosphonates [24]. It is advan-
tageous to identify which patients will require second-
line treatments as early as possible, however, it remains 
unclear which disease features are associated with the 
need for second-line treatment. In this study we aimed 
to determine which clinical variables are associated 
with response to NSAID monotherapy versus requiring 

a second-line medication through retrospective review 
of the largest single-center North American cohort 
reported to date.

Methods
Ethical approval and patient selection
Ethical approval for this study was obtained from the 
Colorado Multiple Institutional Review Board (#12–1557 
and #13–0099). Children and adolescents with a diagno-
sis of CNO made before 18 years of age who attended the 
multidisciplinary (orthopedics and rheumatology) CNO 
clinic at the Children’s Hospital of Colorado in Aurora, 
Colorado were invited to enroll in a registry. The medical 
records of those enrolled in the registry between January 
1, 2005 and July 31, 2021 were retrospectively reviewed 
through January 31, 2022. The diagnosis of CNO was 
made by a pediatric rheumatologist (JS) and/or pediatric 
orthopedic surgeon (ND) with expertise in the condition 
based on the presence of unifocal or multifocal inflam-
matory bone lesions identified by imaging in the setting 
of historical and physical exam findings consistent with 
the diagnosis.

Data collection
Demographic details recorded included sex at birth, age 
at symptom onset, age at the time of diagnosis, race, and 
ethnicity. Clinical characteristics including comorbid 
conditions (inflammatory arthritis, psoriasis, and IBD), 
family history of inflammatory arthritis, IBD, and psoria-
sis in first degree relatives, laboratory studies (total white 
blood cell count, erythrocyte sedimentation rate [ESR], 
C-reactive protein [CRP]) and bone biopsy reports were 
also recorded. Imaging findings were extracted from 
radiology reports, and it was noted whether bone lesions 
identified by magnetic resonance imaging (MRI) were 
evident on initial plain radiographs. Whether the patient 
had unifocal or multifocal disease at the time of diagnosis 
based on available imaging, each patient’s total number of 
whole-body MRIs (WB-MRI), the sites of CNO lesions, 
and if the patient had symmetric bone lesions at any 
point in their disease were also recorded. The presence 
of symmetric bone lesions in long bones was defined as 
symmetric CNO lesions involving the same end of the 
long bone bilaterally (e.g. both right and left distal tibias, 
but not right proximal tibia and left distal tibia). To char-
acterize the distribution of CNO lesions, it was recorded 
whether a patient ever had CNO involvement in each of 
the following six regions: 1) head and face, 2) upper torso 
(clavicle, scapula, sternum, ribs), 3) upper extremities, 4) 
neck and back (cervical, thoracic, and lumbar spine), 5) 
lower torso (sacrum and pelvis), and 6) lower extremi-
ties. Disease complications were recorded including 
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development of amplified pain and vertebral compres-
sion fractures.

Treatment protocol
Patients were treated per the algorithm outlined in Fig. 1. 
Unless a patient had spinal involvement or a comorbid-
ity such as JIA or IBD, patients were initially treated with 
an NSAID. Response to NSAIDs was defined as resolu-
tion of symptoms as well as when applicable, resolution 
of physical examination findings, elevations in inflam-
matory markers, and/or imaging changes consistent with 
active CNO. Typically, a patient needed to fail at least 
two NSAIDs before a second-line agent was prescribed. 
Patients who responded to NSAIDs were treated for 
approximately six months before discontinuing treatment 
if the patient’s disease became inactive while on NSAID 
treatment. If the patient’s symptoms recurred after treat-
ment discontinuation, then the discontinued NSAID was 
resumed. If the patient’s disease became inactive, the 
NSAID was continued for an additional year and then 
discontinued again. If the patient experienced a return 
of CNO symptoms after the second time discontinuing 
the NSAID, then the NSAID would either be resumed, 
or a second-line agent was started. If a patient devel-
oped comorbidities or active spinal lesions at any point 
in treatment, then second-line medications were recon-
sidered. Treatment features noted in this study included 
medications used, dates of use, as well as the date of and 
reason for discontinuation when applicable.

Categorization of treatment requirement outcomes
To determine which clinical variables were associ-
ated with an increased likelihood of a patient requiring 
a second-line treatment versus NSAID monotherapy, 
patients were categorized into three groups. The first 
group, NSAID-short, was composed of patients who 
were treated with one or more NSAIDs at routine anti-
inflammatory dosing for at least three months, but less 
than seven months. The second group, NSAID-long, was 
composed of patients who were treated with NSAIDs for 
a total of seven months or longer due to persistent dis-
ease activity (determined by history and exam, and/or 
imaging) or because they experienced a return of symp-
toms following a trial of stopping NSAIDs. The third 
group of patients were those treated with one or more 
second-line CNO treatments at any time point. This third 
group included patients who failed or were intolerant of 
NSAID-monotherapy as well as those had active spinal 
involvement or a comorbidity that prompted use of a sec-
ond-line agent.

Statistical analysis
A multiple linear regression model was constructed to 
model the relationship between total NSAID monother-
apy days and relevant clinical variables. Multiple logis-
tic regression was used to model the odds of needing a 
second-line treatment when considering those same vari-
ables. The variables included in both models were: female 
sex, age at symptom onset, interval from symptom onset 
to treatment initiation, positive family history, unifocal 

Fig. 1  CNO treatment algorithm followed at this institution’s CNO multi-disciplinary clinic
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disease at diagnosis, presence of symmetric bone lesions, 
and cumulative number of regions affected. For both 
modeling techniques, the final model was selected based 
on the best subsets combination of variables that resulted 
in the smallest Akaike Information Criteria (AIC) using 
the MASS library in R version 4.2.2 [26]. This technique 
is commonly used to identify the most important pre-
dictors of the dependent variable, while controlling for 
overfitting and the inclusion of irrelevant variables [27]. 
Summaries of continuous variables are presented as 
means and standard deviation, and categorical variables 
as counts and percentages. P-values in summary tables 
correspond to a one-way analysis of variance for continu-
ous variables and chi-squared test for categorical vari-
ables. The total NSAID monotherapy days in the multiple 
linear regression model was log-transformed to maintain 
the assumption of normality of errors. Additionally, odds 
ratios (OR) from the logistic regression model were expo-
nentiated to reflect percent change in the text but remain 
as log-odds in tables and 95% confidence intervals.

Results
Diagnosis and clinical characteristics
We reviewed the medical records of 236 children with 
a clinical diagnosis of CNO enrolled in our registry. As 
detailed in Fig.  2, 72 patients were excluded, and 164 
patients were included in the final analysis. Demographic 
and clinical characteristics of the cohort overall and of 
the three treatments groups are summarized in Table 1. 
Thirty-two patients were in the NSAIDs-short group. All 
patients in this group stopped treatment at least 5 months 
before the study end date. Sixty-two patients were in 
the NSAID-long group. Seventeen of these patients 
(27.4%) were still on NSAID monotherapy at the time 
of the study end date and all other patients in this group 
stopped NSAID treatment a minimum of sixty days prior 

to the study end date. All patients in the NSAID-long 
group were trialed off treatment after approximately 6 
months of therapy or there was documentation of some 
degree of disease activity (either symptoms or imaging 
findings) that prompted ongoing NSAID use without a 
treatment discontinuation trial. Seventy patients were in 
the second-line treatment group and the treatments they 
received are depicted in Fig. 3.

The average age at symptom onset was 8.87 years 
(± 3.5) and was similar between groups (Table  1). The 
average interval between symptom onset and diagnosis 
date (time to diagnosis) was 263 days overall but was sig-
nificantly different between groups (p = 0.02). The time 
to diagnosis was shortest in the NSAID-short group 119 
days (± 211) and longest in the second-line treatment 
group 324 days (± 403). The overall average follow-up 
duration was 2.89 years (± 2.3) and increased between 
the NSAID-short, NSAID-long, and second-line treat-
ment groups. Thirteen patients (7.9%) developed ampli-
fied pain and 22 patients (13%) were found to have one or 
more vertebral compression fractures (76% of those with 
neck and back involvement).

Laboratory studies
Laboratory studies were not uniformly obtained at diag-
nosis, but the available data revealed mild elevations of 
ESR (22.8 mm/hr ± 20.5) and CRP (1.83 mg/dL ± 3.8). 
However, it is notable that CRP was undetectable (i.e. 
below the lower limit of normal) in 36.9% of the 130 
patients in which this value was checked at the time of 
diagnosis. The average ESR and CRP were the highest in 
the second-line treatment group, but these differences 
were not statistically significant. Eighty-two percent 
of patients underwent at least one bone biopsy. Signifi-
cantly, more patients in the second-line treatment group 
(n = 66, 94.3%) underwent a bone biopsy compared to the 

Fig. 2  Exclusion criteria. CNO: chronic nonbacterial osteomyelitis. NSAID: non-steroidal anti-inflammatory drug. ERA: enthesitis-related arthritis. IBD: 
inflammatory bowel disease
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Table 1  Cohort characteristics

NSAID-short (n = 32) NSAID-long (n = 62) Second-line (n = 70) P value Overall
(N = 164)

Mean age at symptom onset, years (SD) 8.46 (4.4) 8.94 (S3.1) 8.99 (3.4) 0.76 8.87 (3.5)

Mean interval from symptom onset to treatment 
onset, days (SD)

124 (210) 269 (333) 293 (388) 0.06 251 (343)

Mean interval from symptom onset to diagnosis, 
days (SD)

119 (211) 270 (327) 324 (S403) 0.02 263 (351)

Mean follow-up, years (SD) 1.21 (S1.5) 2.70 (2.1) 3.83 (2.3)  < 0.001 2.89 (2.3)

Female sex, n (%) 17 (53.1%) 37 (59.7%) 42 (60%) 0.77 96 (59%)

Race and ethnicity, n (%)
  Asian 1 (3.1%) 0 (0%) 1 (1.4%) 0.71 2 (1.2%)

  Black 1 (3.1%) 1 (1.6%) 1 (1.4%) 3 (1.8%)

  Multiracial 0 (0%) 2 (3.2%) 3 (4.3%) 5 (3.0%)

  Native American 0 (0%) 0 (0%) 1 (1.4%) 1 (0.6%)

  White 29 (90.6%) 56 (90.3%) 59 (84.3%) 144 (87.8%)

  Other 0 (0%) 1 (1.6%) 4 (5.7%) 5 (3.0%)

  Unknown 0 (0%) 1 (1.6%) 0 (0%) 1 (0.6%)

  Missing 1 (3%) 1 (1.6%) 1 (1.4%) 3 (1.8%)

Ethnicity, n (%)
  Hispanic 0 (0%) 6 (9.7%) 11 (15.7%) 0.08 17 (10.4%)

  Non-Hispanic 31 (96.9%) 54 (87.1%) 58 (82.9%) 143 (87.2%)

  Unknown 0 (0%) 1 (1.6%) 0 (0%) 1 (0.6%)

  Missing 1 (3.1%) 1 (1.6%) 1 (1.4%) 3 (1.8%)

Family history, n (%)
  Inflammatory arthritis 0 (0%) 3 (4.8%) 5 (7.1%) 0.27 8 (4.9%)

  Inflammatory Bowel Disease 0 (0%) 0 (0%) 2 (2.9%) 0.36 2 (1.2%)

  Psoriasis 0 (0%) 1 (1.6%) 1 (1.4%) > 0.99 2 (1.2%)

Mean ESR at presentation, mm/hr (SD) 19.7 (18.5) 19.6 (19.6) 27.6 (25.3) 0.09 22.8 (20.5)

Missing ESR, n (%) 3 (9.4%) 13 (21%) 17 (24.3%) 33 (20.1%)

Mean CRP at presentation, mg/dL (SD) 1.57 (3.0) 0.950 (2.1) 2.69 (4.9) 0.060 1.83 (3.8)

Missing CRP, n (%) 3 (9.4%) 16 (25.8%) 15 (21.4%) 34 (20.7%)

Biopsy performed, n (%) 22 (68.8%) 46 (74.2%) 66 (94.3%) 0.003 134 (81.7%)

CNO lesion apparent on plain radiographs at pres-
entation, n (%)

19 (59.4%) 36 (58.1%) 31 (44.3%) 0.23 86 (52.4%)

Missing, n (%) 1 (3.1%) 0 (0%) 2 (2.9%) 3 (1.8%)

Unifocal disease at diagnosis, n (%) 23 (71.9%) 29 (46.8%) 29 (41.4%) 0.02 81 (49.4%)

Total number of whole-body MRIs, n (%)
  0 28 (87.5%) 51 (82.3%) 29 (41.4%) < 0.001 106 (64.6%)

  1 4 (12.5%) 8 (12.9%) 16 (22.9%) 28 (17.1%)

  2 0 (0%) 3 (4.8%) 8 (11.4%) 11 (6.7%)

  ≥ 3 0 (0%) 0 (0%) 17 (24.3%) 17 (10.4%)

Patients with affected regions, n (%)
  Head & face 0 (0%) 0 (0%) 3 (4.3%) 0.23 3 (1.2%)

  Neck and back 2 (6.3%) 9 (14.5%) 18 (25.7%) 0.05 29 (17.7%)

  Upper torso 3 (9.4%) 8 (12.9%) 9 (12.9%) 0.90 20 (12.2%)

  Upper extremity 4 (12.5%) 11 (17.7%) 22 (31.4%) 0.05 37 (22.6%)

  Lower torso 7 (21.9%) 19 (30.6%) 33 (47.1%) 0.03 59 (36.0%)

  Lower extremity 23 (71.9%) 34 (54.8%) 59 (84.3%) < 0.001  116 
(70.7%)

Mean number out of 6 regions affected (SD)  1.22 (0.6) 1.31 (0.6) 2.06 (1.0)  < 0.001 1.61 (0.9)

Symmetric bone lesions, n (%) 5 (15.6%) 14 (22.6%) 51 (72.9%)  < 0.001 70 (42.7%)

Mean days on NSAID monotherapy, days (SD) 175 (26.5) 725 (512) 441 (536)  < 0.001 497 (511)
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NSAID short (n = 22, 68.8%) and NSAID-long (n = 46, 
74.2%) groups (p = 0.003).

Imaging results and disease distribution
As listed in Table 1, 75 (45.7%) patients had normal plain 
radiographs at the time of presentation. The presence of 
radiographically apparent lesions at the time of diagnosis 
was not statistically different between groups. MRI was 
performed for all patients. The use of WB-MRI became 
more prevalent over the course of the study period, but 
106 patients (64.6%) did not undergo WB-MRI (Table 1). 
Patients in the second-line treatment group underwent 
more WB-MRIs than the NSAID treatment groups. 
Specifically, 12.5% of the NSAID-short and 17.7% of 
the NSAID-long group patients underwent WB-MRI, 
while 58.6% of the second-line treatment group patients 
underwent WB-MRI. Based on available imaging data, 
99 (60.4%) patients had CNO lesions limited to just one 
of the defined six regions. There was a statistically sig-
nificant difference in the proportion of patients having 
multi-regional CNO lesions among treatment groups 
(p < 0.001) with the greatest in the second-line treat-
ment group. The lower extremity and the lower torso (i.e. 

sacrum and pelvis) were the most frequently involved 
regions. Only three patients in this cohort had lesions in 
the head and face region while the neck and back region 
were affected in 29 patients (17.7%). Significantly more 
patients in the second-line treatment group (72.9%) had 
symmetric bone involvement when compared to the 
NSAID treatment groups (p < 0.001).

Variables associated with treatments received
Results from linear regression analysis of the NSAID-
short and NSAID-long groups with AIC-based variable 
selection can be found in Table 2. When controlling for 
the variables listed in Table 2, there is statistically signifi-
cant evidence that having unifocal disease at diagnosis 
in this cohort had a negative effect on the total num-
ber of NSAID monotherapy days (p = 0.03). On average, 
patients with unifocal disease at diagnosis required 47.1% 
fewer days of total NSAID monotherapy treatment than 
patients with multifocal disease at diagnosis.

Results of the logistic model with AIC-based variable 
selection can be found in Table  3. This model showed 
that when controlling for the listed variables, the number 
of regions affected by CNO had a positive effect on the 

Table 1  (continued)

NSAID-short (n = 32) NSAID-long (n = 62) Second-line (n = 70) P value Overall
(N = 164)

Number of NSAIDs Trialed, n (%)
  0 0 (0%) 0 (0%) 2 (2.9%) < 0.001 2 (1.2%)

  1 30 (93.8%) 28 (45.2%) 17 (24.3%) 75 (45.7%)

  2 2 (6.3%) 32 (51.6%) 45 (64.3%) 79 (48.2%)

  3 or more 0 (0%) 3 (4.8%) 6 (8.6%) 8 (4.9%)

Patients with complications, n (%)
  Vertebral height loss 0 (0%) 8 (13%) 14 (20%) 0.02 22 (13%)

  Amplified pain 0 (0%) 3 (5%) 10 (14%) 0.02 13 (8%)

Fig. 3  Distribution of medications used in the second-line treatment group
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odds of a patient requiring second-line therapy (p = 0.01). 
For each additional region affected by CNO, the odds of 
needing second-line therapy increased by a factor of 1.94 
on average (OR = 0.66, 95% CI [0.16, 1.21]). In addition, 
ever-having symmetric bone lesions increased the odds 
of needing a second-line therapy (p < 0.001). On average, 
patients with symmetric bone lesions were 6.86 times 
more likely to require second-line therapy than patients 
without symmetric bone lesions (OR = 1.93, 95% CI [1.11, 
2.78]).

Discussion
This study describes the largest reported single center 
cohort of patients with CNO in North America and iden-
tifies clinical variables which may be useful in determin-
ing which treatment course, NSAID monotherapy or a 
second-line agent, a patient will require. Demographic 
characteristics including the percentage of female 
patients, mean age at symptom onset and mean inter-
val from symptom onset to diagnosis of patients in this 
cohort were similar to other reported cohorts [6, 7, 9, 14, 
21, 28–30]. In this cohort, the average ESR and CRP were 
modestly elevated, which is comparable to the values 
reported in other cohorts [2, 6, 9, 15, 21, 30]. While the 
average CRP was mildly elevated, it is notable that CRP 
was undetectable in 36.9% of the 130 patients for whom 
this value was checked at diagnosis. The ESR and CRP 
levels in our cohort underscore that many patients with 
CNO have no signs of systemic inflammation. Our center 
routinely performs bone biopsies in the workup for sus-
pected CNO to rule out disease mimickers, particularly 
before starting second-line CNO treatments. The bone 

biopsy rate in our cohort is comparable to other reported 
CNO cohorts [2, 5, 10, 14, 19, 22].

Just under half of patients in our cohort had normal 
plain radiographs at the time of initial presentation but 
were found to have characteristic CNO lesions by MRI. 
This finding is consistent with previous reports describ-
ing the insensitivity of plain radiographs in CNO and 
reinforces the value of advanced imaging in CNO work-
up [31]. As in other described cohorts, most patients 
in this study had lower extremity involvement (70.7%) 
[6, 9, 10, 15, 29, 32]. The percentage of patients with 
the neck and back region (i.e. spine) affected by CNO 
(17.7% overall) was also similar to other reports [5–7, 10, 
29]. The frequency of head and face involvement in this 
cohort (1.2%) was similar to studies by Kaut et al., Kostik 
et al., and Wipff et al., but considerably lower than other 
reports which describe head and face involvement rang-
ing from 6 to 21% [5, 6, 9, 10, 20, 29]. This is likely due to 
the fact that patients with CNO predominantly involving 
the jaw at our center were seen in rheumatology clinic 
and not the multidisciplinary CNO clinic in which the 
patients in this cohort were followed. Symmetric bone 
involvement is a hallmark of CNO, although not uni-
formly present. Jansson et al. identified symmetric CNO 
lesions in 20 out of 89 (22%) in their cohort [14]. Sev-
enty patients (42.7%) in our cohort had symmetric CNO 
lesions during the course of their follow-up and presence 
of symmetric CNO lesions was significantly different 
between groups.

Given the heterogeneity of CNO with some patients 
having unifocal, monophasic disease and others with 
multifocal, chronic and/or recurrent disease, it is not 

Table 2  Linear regression modeling log(days of NSAID monotherapy) with IC-based variable selection comparing the NSAID-short and 
NSAID long groups

Coefficient Std. Error t-value p-value 95% CI

(Intercept) 6.37 0.26 24.35  < 0.001 [5.85—6.89]

Unifocal Disease at Diagnosis −0.39 0.17 −2.22 0.03 [−0.73 to −0.04]

Number of Regions Affected −0.22 0.15 −1.49 0.14 [−0.53 to 0.08]

Onset to Treatment Interval 4.0e−4 3.0e−4 1.41 0.16 [- 1.5e−4 to 9.1e−4]

Table 3  Logistic regression modeling of the odds of requiring second-line treatment with IC-based variable selection

Coefficient Std. Error t-value p-value 95% CI

(Intercept) −2.54 0.47 −5.46  < 0.001 [−3.50 to −1.67]

Symmetric Bone Lesions 1.93 0.42 4.56  < 0.001 [1.11—2.78]

Number of Regions Affected 0.66 0.27 2.51 0.01 [0.16—1.21]

Positive Family History 1.33 0.84 1.58 0.11 [−0.27 to 3.08]

Onset to Treatment Interval 9.0e−4 5.0e−4 1.57 0.13 [- 1.9e−4 to 1.97e−3]
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surprising that there are variable response rates to 
treatment. Thus, an ongoing challenge in the manage-
ment of patients with CNO is predicting which treat-
ment will be efficacious and how long treatment is 
likely to be necessary. In this cohort, just over half of 
patients were treated with NSAID monotherapy [11, 
22]. Patients in the NSAID-short group were treated 
for an average of 6 months. This suggests that a subset 
of CNO patients only require relatively short courses 
of NSAID treatment. When we modeled the relation-
ship between NSAID monotherapy days and potential 
associated clinical variables in the NSAID responsive 
patients (NSAID-short and NSAID-long), we found 
that patients with clinically unifocal disease at presen-
tation were significantly more likely to require a shorter 
course of NSAIDs than those with clinically multifo-
cal disease at presentation. Specifically, patients with 
clinically unifocal disease at diagnosis required nearly 
half the number of days of total NSAID  monotherapy 
treatment compared to patients with multifocal dis-
ease. Catalono-Pons et al. similarly found that NSAID-
non-responders had statistically more lesions at disease 
onset [33].

Multiple groups have described their cohorts of CNO 
patients and the clinical characteristics associated with 
the need for a second-line treatment. In a similarly sized 
(n = 178) cohort of patients with CNO, the factors asso-
ciated with severe disease and an increased likelihood 
of being treated with a bisphosphonate and/or TNFi 
included male sex, multifocal disease, extra-rheumato-
logic manifestations, family history of associated dis-
ease, and CRP greater than 1 mg/dL [5]. In our cohort, 
the only statistically significant factors associated with an 
increased odds of receiving second-line treatment were 
two or more regions ever affected by CNO and the pres-
ence of symmetric bone lesions ever in the treatment 
course. Further studies will be needed to confirm these 
findings.

A limitation of our study was the relatively infrequent 
use of imaging and in particular WB-MRI. Since WB-
MRIs were not routinely obtained at baseline, some 
patients with multifocal disease may have been mis-
classified as unifocal disease. Another limitation is that 
the variables of symmetric bone lesions and number of 
regions affected reflect disease involvement over each 
patient’s clinical course, which means that the results of 
our statistical modeling cannot be used to evaluate base-
line characteristics and predict response to treatment. A 
strength, however, is that patients included in this cohort 
were those seen in our multidisciplinary CNO clinic 
based on a protocolized approach, which made for a 
more homogenous group of patients managed in a more 
consistent manner.

Conclusions
In summary, our data suggest that it may be reason-
able to trial short NSAID courses in NSAID-responders 
especially those who have confirmed unifocal disease by 
WB-MRI. Patients with symmetric CNO involvement or 
multiregional disease may be more likely to require sec-
ond-line treatments. Future multisite studies are needed 
to confirm these findings.
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