
Introduction

Sarcoidosis is a systemic inflammatory disease 
characterized by accumulation of non-caseating 

granulomas in affected organs (1). Sarcoidosis pri-
marily affects the lungs and lymph nodes resulting 
in varying degrees of severity ranging from asymp-
tomatic involvement to life-threatening manifesta-
tions such as pulmonary fibrosis (2–4). A less com-
mon manifestation of sarcoidosis is involvement of 
the skeletal system. Osseous sarcoidosis was first 
described in the late 1800s (5). Since then, multiple 
case reports and case series have detailed the fea-
tures of osseous sarcoidosis (6-17), highlighting the 
challenge of diagnosis and treatment of the disease. 
Despite an extensive literature regarding the natu-
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ral history of pulmonary sarcoidosis, little is known 
about the epidemiology of osseous sarcoidosis and 
even less about the natural course of this manifesta-
tion of sarcoidosis (3, 5, 18). Recent case series have 
provided detailed information on the underlying 
characteristics and extent of osseous sarcoidosis at 
diagnosis, demonstrating that the disease commonly 
involves multiple bones, including the spine, and is 
often asymptomatic, with diagnosis made inciden-
tally with imaging (5, 18, 19). However, no previous 
study has systematically investigated the long-term 
clinical outcomes of sarcoidosis from imaging, mus-
culoskeletal, and pulmonary perspectives.

Our objective was to investigate osseous sar-
coidosis over time using a retrospective cohort of 
patients with incident osseous sarcoidosis. Given 
review of  previous studies, mostly focused on the 
presentation of osseous sarcoidosis (5, 6, 12, 20, 21), 
we expected that most patients would have a rela-
tively stable clinical disease course in terms of stable 
or improved symptoms, pulmonary function testing 
(PFT), and musculoskeletal and chest imaging. We 
also sought to investigate whether the distribution of 
osseous lesions and other clinical variables at baseline 
might predict later clinical outcomes. 

Methods

Design

We performed a retrospective cohort study 
investigating the musculoskeletal and pulmonary 
outcomes of patients following incident diagnosis 
of osseous sarcoidosis. The Partners HealthCare In-
stitutional Review Board approved all aspects of the 
study.

Case ascertainment and study sample

Cases were ascertained from a single center 
(Brigham and Women’s Hospital, Boston, MA) using 
electronic medical record searches and directed inquiry 
to rheumatologists in the Division of Rheumatology, 
Immunology, and Allergy and pulmonologists in the 
Division of Pulmonary and Critical Care Medicine, as 
previously described (19). All patients were verified to 
have osseous sarcoidosis based on either bone biopsy 
showing non-caseating granulomas or known sar-

coidosis who had bone lesions on imaging that were 
determined to be due to sarcoidosis by the treating 
clinician and radiologist as well as two medical record 
reviewers (ERM and JAS). Inclusion criteria for the 
study sample were: at least one follow-up clinical visit 
with a pulmonologist or rheumatologist at least one 
year from the date of osseous sarcoidosis diagnosis 
(baseline). In addition, we required patients to have 
PFTs, musculoskeletal/chest imaging, or laboratory 
measures (at least one of the following: serum angio-
tensin converting enzyme [ACE] level, erythrocyte 
sedimentation rate [ESR], C-reactive protein [CRP] 
level, serum calcium level, or 25-hydroxy vitamin D 
level), associated with at least one of the follow-up 
visits. All follow-up visits (inpatient, outpatient, or 
emergency department) were reviewed retrospectively 
from date of first sarcoidosis diagnosis (osseous or sys-
temic) to the end of the study on July 1, 2016. 

Data acquisition/covariates

We reviewed clinical and imaging data at base-
line and all follow-up visits from rheumatologists 
and pulmonologists as well as any other notes rele-
vant to covariates or outcomes. Clinical radiographic 
reports on imaging procedures of the chest (includ-
ing plain radiographs, computed tomography [CT] 
scans, magnetic resonance imaging [MRI]) as well 
as musculoskeletal imaging (plain radiographs, CT 
scans, MRI, bone scans, and positron emission to-
mography [PET] scans) were reviewed by a single 
abstractor (ERM), and used to determine progres-
sion related to sarcoidosis over time. In addition, 
clinical data were collected including encounter type, 
clinician type (pulmonology, rheumatology, other), 
baseline and follow-up laboratory data (ACE, ESR, 
CRP, calcium, hemoglobin, and 25-hyrdoxy vitamin 
D), PFT results, and organ involvement, and treat-
ment. We also collected data on emergency depart-
ment visits as well as hospital admissions (including 
intensive care unit admissions), fractures overall and 
at sites of sarcoidal involvement, and death.

Outcomes

Follow-up notes and objective data were re-
viewed to determine each patient’s disease status. For 
every visit, medical records were reviewed to classify 
improvement, stability, or worsening in osseous sar-
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coidosis (symptoms and musculoskeletal imaging) 
and pulmonary sarcoidosis (chest imaging and PFT 
results). Osseous sarcoidosis symptoms were con-
sidered to have worsened if, after reviewing medical 
record notes, the treating provider documented that 
patient reported worsening pain or other symptoms 
attributable to osseous sarcoidosis. Progression in 
PFTs was determined using the impression of the 
pulmonologist who interpreted the results, PFTs 
were considered worsening if there was a significant 
change (defined as ≥12% and ≥200 ml) in forced ex-
piratory volume in 1 second (FEV1) or forced vital 
capacity (FVC) typically referring to new or worsened 
obstruction or restriction respectively, as per current 
ATS recommendations (22). Imaging was considered 
worsening, based on review of the clinical radiolo-
gist’s interpretation. In cases where comparison either 
across modality (for imaging), or between time points 
(for imaging and/or PFTs), was not explicitly inter-
preted, worsening was decided by the medical record 
reviewer (ERM) based on clinical reports. 

As our primary outcome, we created a 4-com-
ponent composite measure to capture the overall 
disease course. A worsening composite outcome was 
defined as any worsening compared to baseline in one 
or more of: 1) osseous sarcoidosis symptoms, 2) mus-
culoskeletal imaging, 3) chest imaging, or 4) PFTs. To 
more specifically evaluate the musculoskeletal disease 
course, we also investigated a composite osseous out-
come, which we defined as any worsening compared 
to baseline in either osseous sarcoidosis symptoms or 
musculoskeletal imaging. We also investigated each 
component of the composite overall measure sepa-
rately. Since data were obtained from routine clini-
cal care, patients had varying durations of follow-up 
without fixed intervals. We considered their 1-year 
and last follow-up time points, since all patients had 
these time points for outcomes available. We also 
analyzed other follow-up time points as a sensitiv-
ity analysis (2 years and 5 years), but these analyses 
had restricted sample size and did not meaningfully 
change the results. We also performed a sensitivity 
analysis of patients who received no treatment as a 
proxy for the natural history of osseous sarcoidosis.

Statistical analysis

We report descriptive statistics of patients at 
baseline and follow-up visits using frequencies and 

proportions for categorical variables, mean and 
standard deviation for continuous normally distrib-
uted variables, and median, range, and interquartile 
range for continuous non-normally distributed vari-
ables. We report the number and proportion of the 
worsening composite outcomes as well as the com-
ponents classified as improved, stable, or worsening 
at 1-year and last follow-up. 

We investigated whether baseline factors were 
associated with worsening composite overall and 
osseous outcomes at 1-year and last follow-up in 
separate analyses. In these analyses, the composite 
outcomes were binary variables indicating that there 
was or was not worsening in any of the components 
at that follow-up time point compared to baseline. 
We used Fisher’s exact tests for categorical variables 
given cells with low frequencies, t-tests for normally 
distributed continuous variables, and Wilcoxon rank-
sum tests for non-normally distributed continuous 
variables. We did not include multivariable regres-
sion models due to the limited numbers of outcomes 
and few statistically significant results in univariate 
models. Patients with missing data were not included 
in analyses pertaining to that variable.

We considered a two-sided p value <0.05 as 
statistically significant in all analyses. Analyses were 
performed using SAS v9.4 (Cary, NC).  

Results

Description of cohort

We identified 24 patients with osseous sarcoido-
sis and at least one year of follow-up. A summary of 
their baseline characteristics at the time of osseous 
sarcoidosis diagnosis is presented in Table 1. Patients 
were predominately white (96%); 54% were female; 
and mean age at diagnosis was 50.0 years (SD 10.2). 
Fifty-eight percent of patients were diagnosed by 
bone biopsy revealing non-caseating granulomas, 
and 67% of patients had osseous sarcoidosis as part 
of their initial presentation for sarcoidosis. Most 
(75%) had hilar lymphadenopathy, with pulmonary 
parenchymal involvement in 83%, and nearly all 
(83%) had evidence of involvement in more than one 
bone. A minority (21%) had involvement only in the 
peripheral skeleton while most had axial involvement 
(75%).
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Table 1. Baseline characteristics at diagnosis of osseous sarcoidosis (n=24)

Characteristic   % (n/N), mean (SD), 
   or median (range)

Demographics   
Female   54%
White   96%
Mean age at osseous sarcoidosis, years (SD)   50.0 (10.2)

Presentation   
Median time between osseous detection and diagnosis, days (range)   99 (0-1095)
Diagnosed by bone biopsy   58%
Osseous sarcoidosis at sarcoid presentation   67%
Osseous sarcoidosis only    8%
Ever smoker   17%

Symptoms and distribution of involved bones   
Symptomatic from osseous involvement   54%
>1 bone involved   83%
Any axial skeleton involvement   75%
Any spinal involvement   67%
Any peripheral skeleton involvement   67%
Only axial involvement   29%
Only peripheral skeleton involvement   21%

Spirometry    
Spirometry measured   71%
Obstructive pattern   6% (1/17)
Restrictive pattern   18% (3/17)

Laboratory measures Range Median % Abnormal

Serum ACE, units/mL  10-162 67.5 57 (8/14)
ESR, mm/hr 5-62 12.5 50 (6/12)
CRP, mg/L  0.2-51.0 2.1 40 (4/10)
Serum calcium, mg/dL 8.9-10.7 9.7 0 (0/19)
25-hydroxy vitamin D, ng/mL  13-39 31 29 (2/7)
Hemoglobin, g/dL  12.3-18.2 14.1 26 (5/19)
Any abnormal test   58 (14/24)

Imaging modality performed at diagnosis   % (n/N), mean (SD), 
   or median (range)

Plain film    42%
Computed Tomography    33%
Bone scan at diagnosis   13%
MRI   63%
PET scan    50%

Other sarcoidosis organ involvement   
Pulmonary   83%
Lymphatic     75%
Cutaneous   8%
Ocular   8%
Cardiac   8%
Splenic   4%
Neurologic   4%

Current medication use   
DMARD or glucocorticoid   13%
DMARD   4%
Glucocorticoid   8%

Abbreviations:  ACE, angiotensin-converting enzyme; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CT, computed tomog-
raphy; MRI, magnetic resonance imaging; PET, Positron Emission Tomography; DMARD, disease-modifying antirheumatic drug; 
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Of the 17 (71%) patients with spirometry meas-
ured at the time of initial diagnosis, 3 (18%) had a 
restrictive pattern, and 1 (6%) had an obstructive 
pattern. Laboratory values available at time of di-
agnosis revealed 14 (58%) patients with at least one 
abnormal laboratory test in serum ACE, ESR, CRP, 
calcium, hemoglobin, or 25-hydroxy vitamin D lev-
els. Half of the patients had at least one comorbid-

ity (hypertension, cancer, coronary artery disease, 
asthma, or chronic obstructive pulmonary disease). 
Three patients (13%) were already being treated with 
medications (DMARDs or glucocorticoids) for oth-
er sarcoidosis manifestations at the time of osseous 
diagnosis. 

Table 2 shows the distribution of outcomes, in-
cluding clinical and laboratory findings, at the 1-year 

Table 2. Characteristics of patients with osseous sarcoidosis at each specified follow-up time point

 1-year follow-up    Last follow-upa

 (n=24)    (n=24)

Follow-up duration and outcomes       
Total follow-up, person-years 34.3    149.2  
Number of visits, median (range) 5.5 (2-11)    13 (2-85)  
Follow-up, median years (range) 1.0 (0.4-6.1)    5.3 (1-26.3)  
Death 0%    4%  
Fracture in bone affected by sarcoidosis  0%    0%  
    during follow-up*
Worsening composite overall outcomeb 38%    21%  
Worsening composite osseous outcomec 25%    13%  
Worsening osseous symptoms 13%    0%  
Worsening osseous imaging 21%    13%  
Worsening chest imaging 17%    8%  
Worsening spirometry 8%    4%  

 Range Median % Abnormal Range Median % Abnormal

Laboratory values
ACE level, units/L 6-113 54 50 (4/8) 16-114 49 29 (2/7)
ESR, mm/hr 4-27 8 37.5 (3/8) 5-79 16.5 70 (7/10)
CRP, mg/L 0.04-8.1 5.4 57 (4/7) 0.04-50 4 57(4/7)
Calcium, mg/dL  8.6-10.2 9.4 0 (0/15) 7.7-10.1 9.4 0 (0/19)
25-hydroxy vitamin D, ng/mL 15-32 23 40 (2/5) 12-31 24 33 (1/3)
Any abnormal testd 38% (9/24)    33% (8/24)  

Current medication use       
DMARD or glucocorticoid use 46%    33%  
Glucocorticoid only 17%    8%  
     Median dose, mg/day (range) 7.5 (2.5-15)    8.8 (5-20)  
DMARD use 29%    25%  
Methotrexate use only 13%    4%  
     Median dose, mg/week (range) 12.5 (10-20)    22.5 (20-25)  
Methotrexate and infliximab use 4%    4%  
Hydroxychloroquine use only 8%    8%  
Azathioprine use only 4%    4%  
Current infliximab use only 0%    8%  
Current NSAID use 8%    17%

Abbreviations: ACE, angiotensin converting enzyme; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CT, computed tomog-
raphy; MRI, magnetic resonance imaging; PET, positron emission tomography; DMARD, disease-modifying antirheumatic drug; NSAID, 
Non-steroidal anti-inflammatory drug; 
a Last follow-up was defined as the most recent follow-up visit up to the study completion date of July 1, 2016. 
b Any worsening over time in any of: 1. Osseous sarcoidosis-related symptoms 2. Osseous sarcoidosis imaging 3. Pulmonary function tests 4. 
Chest/pulmonary imaging
c Any worsening over time in any of: 1. Osseous sarcoidosis-related symptoms or 2. Osseous sarcoidosis imaging 
d Any abnormal serum ACE, ESR, CRP, calcium, or vitamin D level 
* There were no fractures at sites of osseous sarcoidosis involvement in any patients; 1 fracture did occur and was recorded as a stress fracture. 
The patient was on prednisone throughout the course of follow up. 
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and last follow-up time points. There were a total 
of 149.2 person-years of follow-up for all patients, 
with a median follow-up time of 5.3 years per pa-
tient. One patient died due to massive hemoptysis 
in the setting of pulmonary hypertension and diffuse 
pulmonary involvement with sarcoidosis. There was 
one bone fracture during follow-up. This was a stress 
fracture of the foot which had no prior evidence of 
sarcoid involvement. The median total number of 
clinic visits to rheumatology or pulmonary providers 
was 5.5 and 13 at the 1-year and last follow-up, re-
spectively. Rates of treatment for systemic sarcoido-
sis increased from 13% at baseline to 46% at 1-year 
follow-up, and 29% at last follow-up. Methotrexate 
and hydroxychloroquine were the most commonly 
prescribed DMARDs at all time points.  

Composite overall and osseous outcomes

At 1-year follow-up, most patients had either 
stability or improvement compared to baseline in 
the individual components of the composite over-
all outcome (Figure 1A). At 1-year follow-up, 38% 
and 25% of patients had worsening composite and 
composite osseous outcomes, compared to 21% and 
13% at last follow-up. Only three (13%) patients 
had worsening symptoms attributable to osseous 
sarcoidosis at 1-year follow-up. Osseous sarcoidosis 
lesions were evaluated by imaging for all 24 patients 
at least once in the first year of follow up. Six (25%) 
patients had objective radiographic improvement in 
osseous sarcoidosis lesions, 13 (54%) had stable os-
seous lesions and 5 (21%) had worsening in imag-
ing of osseous lesions at 1-year follow-up. Pulmo-
nary imaging remained stable for 16 (67%) patients, 
worsened in 4 (17%), and improved in 4 (17%). PFTs 
remained stable for 16 (88%) patients at 1 year, with 
only 1 (4%) and 2 (8%) patients in the group either 
having improved or worsened pulmonary function 
tests, respectively. 

The descriptive clinical outcomes at last follow-
up were similar to the 1-year follow-up (Figure 
1B). Thirteen (52%) patients had improvements in 
symptoms related to osseous sarcoidosis and the re-
maining 11 (48%) had unchanged symptoms. Most 
patients had improvement or stability of osseous le-
sions on musculoskeletal imaging at last follow-up 
compared to baseline, with 12 (50%) improving, 9 
(38%) remaining stable, and 3 (13%) worsening at 

time of last follow-up. Pulmonary imaging revealed 
improvement in pulmonary sarcoidosis in 7 (28%) 
patients, stability in 15 (60%) and worsening in 2 
(8%) patients at last follow up. There were few PFT 
changes at last follow-up, with 22 (88%) remain-
ing unchanged, 1 (4%) showing improvement and 1 
(4%) worsening. 

Figure 2 panels A-D shows a representative 
patient with improved osseous sarcoidosis on mus-
culoskeletal and chest imaging over a 3-year period 
compared to baseline. The patient was treated ini-
tially with prednisone, methotrexate, and infliximab 
and was gradually weaned off all medications at the 
follow-up time point. Figure 2 panels E-H shows 
a representative patient with worsening osseous le-
sions on musculoskeletal imaging and pulmonary 
infiltrates that were read as stable over 1.5 years 
compared to baseline. This patient was treated with 
azathioprine and rituximab for nearly 1 year due to 
intolerance of corticosteroids. 

Associations of baseline factors with worsening outcomes 
at follow-up

At 1-year follow-up, 9 (38%) patients had wors-
ening composite overall outcome, and 6 (25%) had 
worsening osseous outcome. Few baseline charac-
teristics were statistically associated with worsening 
outcome at 1 year (Table 3). While these results did 
not reach statistical significance (likely due to small 
sample size), female sex, older age at osseous diagno-
sis, symptoms related to osseous sarcoidosis at time 
of diagnosis, and treatment for sarcoidosis all showed 
a trend toward an association with worsening com-
posite overall outcome. Patients tended to be older at 
baseline (mean 54.3 vs. 47.5 years, p=0.11) for those 
with a worsening composite outcome at 1 year. Cur-
rent DMARD or glucocorticoid use at baseline was 
associated with a lower proportion of patients with 
positive worsening composite outcome (22% vs. 60%, 
p=0.10). A worsening composite overall outcome was 
also more common in patients with a restrictive pat-
tern on PFTs (43% vs. 0%), p=0.05). In addition, hav-
ing a worsening composite osseous outcome at 1 year 
showed a trend toward association with older age at 
baseline (p=0.10), and the presence of musculoskel-
etal symptoms at time of diagnosis (p=0.17). 

Table 4 shows the associations of baseline fac-
tors with outcomes at the last follow-up visit, simi-
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Fig. 1. Clinical outcomes at (A) 1-year follow-up and (B) last follow-up compared to baseline. For Symptom Progression, Pulmonary Imag-
ing Status, PFT Progression, and Osseous Imaging Status, the numbers in green refer to absolute number of patients with improvement, 
numbers in yellow refer to absolute number of patients with stability, and numbers in red refer to absolute number of patients with worsening. 
The Y-axis shows percentage for each category. For Composite Overall, numbers in red refer to a positive composite outcome of any worsen-
ing in Symptom Progression, Pulmonary Imaging, PFT Progression, or Osseous Imaging. Numbers in green refer to negative Composite 
outcome. For Composite Osseous, numbers in red refer to a positive composite osseous outcome of any worsening in Symptom Progression 
or Osseous Imaging
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Fig. 2. Panels A-D show representative images of radiographic features of a patient with improving osseous sarcoidosis. Panel A (baseline) 
and panel B (follow-up) show osseous sarcoidosis improvement on pelvic computed tomography imaging of the left iliac bone (white arrows). 
Panel C (baseline) and panel D (follow-up) show improvement in chest imaging, particularly in peribronchiovascular consolidation (black 
arrows) on chest computed tomography imaging. Panels E-H show a patient with worsening osseous sarcoidosis. Panel E (baseline) and 
panel F (follow-up) show larger osseous lesions in the thoracic spine (white arrows) on T1-weighted magnetic resonance imaging. Panels G 
(baseline) and panel H (follow-up) show stable lower lobe nodular opacities (black arrows) on chest plain film.
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lar to the results at 1-year follow-up. Patients with 
peripheral skeletal involvement were significantly 
less likely to have worsening composite or osseous 
outcome compared to those with no peripheral in-
volvement (20% vs. 79%, p=0.03, and 0% and 76%, 

p=0.03). Worsening osseous composite overall out-
come was associated with older age at baseline (mean 
61.0 years vs. 48.5, p=0.04). Patients who had ever 
been treated for sarcoidosis at any time between 
baseline and follow-up were significantly less likely 

Table 3. Clinical characteristics at baseline and outcomes at 1 year of follow-up (n=24)

 Worsening composite overall Worsening composite osseous
 outcome  at 1 yeara outcome at 1 yearb

 Yes No p value Yes No p value
 (n=9) (n=15)  (n=6) (n=18)

Demographics      
Female 78% (7/9) 40% (6/15) 0.10 67%% (4/6) 50% (9/18) 0.65
White  100% (9/9) 93% (14/15) >0.99  100% (6/6) 94% (17/18) >0.99
Mean age at osseous sarcoidosis diagnosis,  54.3 (11.5) 47.5 (8.6) 0.11 55.9 (10.1) 48.1 (9.6) 0.10
   years (SD) 

Presentation      
Ever smoker 11% (1/9) 20% (3/15) >0.99 0% (0/6) 22% (4/18) 0.54
Diagnosed by bone biopsy 67% (6/9) 53% (8/15) 0.68 83% (5/6) 50% (9/18) 0.34
Osseous sarcoidosis only  0% (0/9) 13% (2/15) 0.51 0% (0/6) 11% (2/18) >0.99
Pulmonary Involvement 89% (8/9) 80% (12/15) >0.99 83% (5/6) 83%(15/18) >0.99
Hilar lymphadenopathy  89% (8/9) 80% (12/15) >0.99 100% (6/6) 78% (14/18) 0.54

Osseous symptoms and distribution      
Symptomatic at baselinec 78% (7/9) 40% (6/15) 0.10 83% (5/6) 44% (8/18) 0.17
Any axial involvement 78% (7/9) 73% (11/15) >0.99 83% (5/6) 72% (13/18) >0.99
Any spinal involvement 67% (6/9) 67% (10/15) >0.99 67% (4/6) 67% (12/18) >0.99
Any peripheral involvement 56% (5/9) 73% (11/15) 0.41 50% (3/6) 72% (13/18) 0.36

Clinical and laboratory measures       
Baseline spirometry performed 78% (7/9) 67% (10/15) 0.67 83% (5/6) 67% (12/18) 0.63
Obstructive patternd 14% (1/7) 0% (0/10) 0.41 20% (1/5) 0% (0/12) 0.29
Restrictive patterne 43% (3/7) 0% (0/10) 0.05 40% (2/5) 8% (1/12) 0.19
Abnormal ACEf 20% (1/5) 60% (3/5) 0.52 0% (0/3) 57% (4/7) 0.20
Abnormal ESRg 38% (3/8) 83% (5/6) >0.99 100% (2/2) 86% (6/7) >0.99
Abnormal CRPh 50% (1/2) 40% (2/5) >0.99 0% (0/1) 50% (3/6) >0.99
Abnormal 25-hydroxy vitamin Di 33% (1/3) 0% (0/3) >0.99 0% (0/1) 20% (1/5) >0.99
Any abnormal laboratory value 44% (4/9) 47% (7/15) >0.99 33% (2/6) 50% (9/18) 0.65
At least 1 comorbidity 33% (3/9) 60% (9/15) 0.40 50% (3/6) 50% (9/18) >0.99

Medications      
Ever treatedk 44% (4/9) 67% (10/15) 0.40 50% (3/6) 56% (11/18) 0.67
Current treatment  22% (2/9) 60% (9/15) 0.10 33% (2/6) 50% (9/18) 0.65

ACE, angiotensin converting enzyme; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CT, computed tomography; MRI, 
magnetic resonance imaging; PET, positron emission tomography; DMARD, disease-modifying antirheumatic drug; NSAID, nonsteroidal 
anti-inflammatory drug; 
aComposite outcome was defined as worsening at this time-point in any of: Osseous sarcoidosis related symptoms, Osseous sarcoidosis imag-
ing, Pulmonary function tests, or Chest/pulmonary imaging
b Any worsening over time in any of: Osseous sarcoidosis related symptoms, or Osseous sarcoidosis imaging 
c Symptomatic from osseous lesions/sarcoidosis at baseline visit 
d Out of 17 patients with spirometry performed
e Out of 17 patients with spirometry performed
f 10/24 patients had ACE levels drawn at 1-year follow-up
g 9/24 patients had ESR levels at 1-year follow-up
h 7/24 patients had CRP levels at 1-year follow-up
i 6/24 patients 25(OH)-vitamin D levels at 1-year follow-up
j Presence of at least one of the following: coronary artery disease, chronic obstructive pulmonary disease, asthma, hypertension, systemic 
lupus erythematosus, or cancer 
k Ever received medical therapy (DMARD or glucocorticoid) since diagnosis
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(20% vs. 74%, p=0.05) to have a worsening compos-
ite outcome at last follow-up.

In sensitivity analyses, we found similar results 
in subgroups restricted to no treatment and at 2-year 
and 5-year follow-up time points (data not shown).

Discussion

We evaluated the baseline characteristics, clini-
cal features, and outcomes of 24 patients with os-
seous sarcoidosis followed for at least one year. This 

Table 4. Clinical characteristics at baseline and outcomes at last follow-up (n=24)

 Worsening composite overall Worsening composite osseous
 outcome at last follow-upa outcome at last follow-upb

 Yes No p value Yes No p value
 (n=5) (n=19)  (n=3) (n=21)

Demographics      
Female 80% (4/5) 47% (9/19) 0.33 67%% (2/3) 52% (11/21) >0.99
White  100% (5/5) 95% (18/19) >0.99  100% (3/3) 95% (20/21) >0.99
Mean age at diagnosis, years (SD) 55.0 (14.9) 48.7 (8.6) 0.23 61.0 (11.7) 48.5 (9.2) 0.04

Presentation      
Ever smoker 20% (1/5) 16% (3/19) >0.99 0% (0/3) 19% (4/21) >0.99
Diagnosed by bone biopsy 60% (3/5) 58% (11/19) >0.99 67% (2/3) 57% (12/21) >0.99
Osseous sarcoidosis only  0% (0/5) 11% (2/19) >0.99 0% (0/3) 10% (2/21) >0.99
Pulmonary Involvement 100% (5/5) 79% (15/19) 0.54 100% (3/3) 81%(17/21) >0.99
Hilar lymphadenopathy  80% (4/5) 84% (16/19) >0.99 100% (6/6) 78% (14/18) 0.54

Osseous Symptoms and Distribution      
Symptomatic at baselinec 80% (4/5) 47% (9/19) 0.33 67% (2/3) 52% (11/21) >0.99
Any axial involvement 80% (4/5) 74% (14/19) >0.99 100% (3/3) 71% (15/21) 0.55
Any spinal involvement 80% (4/5) 63% (12/19) 0.63 100% (3/3) 62% (13/21) 0.53
Any peripheral involvement 20% (1/5) 79% (15/19) 0.03 0% (0/3) 76% (16/21) 0.03

Laboratory and clinical measures      
Baseline spirometry performed 80% (4/5) 68% (13/19) >0.99 100% (3/3) 67% (14/21) 0.53
Obstructive patternd 25% (1/4) 0% (0/13) 0.24 33% (1/3) 0% (0/14) 0.18
Restrictive patterne 25% (1/4) 15% (2/13) >0.99 33% (1/3) 14% (2/14) 0.46
Abnormal ACEf 0% (0/3) 57% (4/7) 0.20 0% (0/2) 50% (4/8) 0.47
Abnormal ESRg 100% (2/2) 86% (6/7) >0.99 100% (1/1) 88% (7/8) >0.99
Abnormal CRPh 50% (1/2) 40% (2/5) >0.99 0% (0/1) 50% (3/6) >0.99
Abnormal 25-hydroxy vitamin Di 0% (0/2) 25% (1/4) >0.99 0% (0/1) 20% (1/5) >0.99
Any abnormal lab 40% (2/5) 47% (9/19) >0.99 33% (1/3) 48% (10/21) >0.99
At least 1 comorbidityj 60% (3/5) 47% (9/19) >0.99 100% (3/3) 43% (9/21) 0.22

Medications      
Ever treatedk 20% (1/5) 74% (14/19) 0.05 33% (1/3) 67% (14/21) 0.53
Current treated  0% (0/5) 37% (7/19) 0.27 0% (0/3) 33% (7/21) 0.53

ACE, angiotensin-converting enzyme; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CT, computed tomography; MRI, 
magnetic resonance imaging; PET, Positron Emission Tomography; DMARD, disease-modifying antirheumatic drug; NSAID, Non-ste-
roidal anti-inflammatory drug;
a Composite outcome was defined as worsening over time in any of: Osseous sarcoidosis related symptoms, Osseous sarcoidosis imaging, 
Pulmonary function tests, or Chest/Pulmonary imaging
b Any worsening over time in any of: Osseous sarcoidosis related symptoms, or Osseous sarcoidosis imaging 
c Symptomatic from osseous lesions/sarcoid at baseline visit 
d Out of 17 patients with spirometry performed
e Out of 17 patients with spirometry performed
f 10/24 patients had ACE levels drawn at last follow-up
g 9/24 patients had ESR levels drawn at last follow-up
h 7/24 patients had CRP levels drawn at last follow-up
i 6/24 patients Vitamin D 25-OH levels at 1-year follow-up
j Presence of at least one of the following: coronary artery disease (CAD), chronic obstructive pulmonary disease (COPD), asthma, hyperten-
sion (HTN), systemic lupus erythematosus (SLE), and cancer 
k Ever received medical therapy (DMARD or glucocorticoid) since diagnosis 
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study represents a relatively large clinical cohort 
whose disease outcomes were investigated over time. 
Unique to our study was the use of a composite clini-
cal outcome metric to assess the clinically relevant 
progression of this rare manifestation of an uncom-
mon disease. We found that a majority of patients 
with osseous sarcoidosis had a stable or improved 
course of disease during follow-up. Regardless of the 
distribution of bones involved, patients had mostly 
favorable outcomes. However, a minority of pa-
tients did experience clinical deterioration in terms 
of symptoms and musculoskeletal and chest imaging. 

Unlike previous studies focusing on clinical 
characteristics of patients with osseous sarcoidosis at 
diagnosis, we designed our study to investigate rel-
evant subsequent disease outcomes after diagnosis 
to assess long-term clinical outcomes. We created 
a composite outcome incorporating both subjective 
and objective measures of osseous and pulmonary 
disease to represent clinically relevant outcomes 
for patients with osseous involvement in sarcoido-
sis. Similar to the World Association of Sarcoidosis 
and Other Granulomatous diseases (WASOG) (23) 
classifications, we incorporated clinician evaluation 
of symptoms and objective reports of imaging mo-
dalities in order to determine worsening, stability, or 
improvement. At baseline, just over half of the pa-
tients in our cohort were symptomatic from their os-
seous sarcoidosis based on review of provider notes. 
This is similar to rates of symptoms in larger series 
(5, 18). At 1-year and last follow-up, most patients 
remained with stable or improved composite disease 
or osseous-specific disease outcomes. This finding is 
consistent with our previous descriptive study (19), 
and also consistent with other case series of osseous 
sarcoidosis (9, 10). Our study provides reassurance 
to both patients and clinicians that osseous involve-
ment of sarcoidosis may have a favorable prognosis 
in terms of imaging and symptoms. However, given 
the small number of patients in our series and rela-
tively limited follow-up, we cannot comment on 
risks that may develop in the longer term or that may 
have been detected with a larger sample size. 

In our cohort, we found few baseline demo-
graphic or clinical features associated with the com-
posite or osseous outcomes. At 1-year follow-up, 
only the baseline presence of restrictive spirometry 
was statistically significantly associated with progres-
sion of osseous sarcoidosis by the composite overall 

outcome. This association disappeared at last follow-
up, suggesting that abnormal spirometry may not be 
associated with worsening osseous sarcoidosis. How-
ever, we cannot definitively determine whether or not 
pulmonary sarcoidosis was the driver of either clini-
cal evaluation or improvement. Ours is the largest 
study to investigate the pulmonary function of pa-
tients with osseous sarcoidosis. A smaller case series 
involving seven patients with osseous involvement 
also noted no clear association between spirometry 
patterns and osseous involvement (12). While we 
had few statistically significant associations, the de-
tailed description of patients at baseline, 1-year, and 
last follow-up will be useful to provide counseling to 
patients who present with osseous sarcoidosis.

The distribution of affected bones did not ap-
pear to correlate with long-term outcomes. At 1-year 
follow-up, there were more patients who either im-
proved or did not worsen in both composite out-
comes and osseous outcomes with any peripheral in-
volvement. At last follow-up, peripheral involvement 
was statistically significantly associated with stability 
or improvement in composite or osseous outcomes. 
However, other patterns were not associated with 
differences in outcomes. Axial or spinal involvement 
was not associated with worsening osseous sarcoido-
sis outcomes in our study.  

We previously reported on the clinical charac-
teristics of patients at our center with osseous sar-
coidosis at diagnosis and this current report adds 
more cases (19). Our results are also similar to an-
other case series (18) finding that a majority of os-
seous sarcoid patients were middle-aged, and have 
involvement of the axial skeleton with multiple bone 
lesions. Another case series reported a majority of 
patients were African American and diagnosed at a 
younger age than our cohort (5). Our results likely 
reflect the local selection of our patient population, 
rather than a true difference in prevalence of osseous 
sarcoidosis across different populations. 

Most of our patients had involvement of the ax-
ial skeleton, including 67% with spinal involvement, 
including the vertebrae. There are conflicting data 
on the typical distribution of skeletal involvement in 
osseous sarcoidosis. Larger case series describe axial 
involvement ranging from 51%-88% (5, 6, 18, 24). In 
one of these series, none of the 17 patients identified 
with osseous sarcoidosis by MRI had involvement of 
the vertebrae (24). Involvement of the axial skeleton 
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is of particular clinical concern as it can be difficult to 
distinguish radiographically from metastatic cancer 
(9). 

In our cohort, laboratory measurements were 
available for most patients. Just over half had at least 
one abnormal laboratory test, and approximately half 
had elevated serum inflammatory markers. None of 
the patients had an abnormal serum calcium level. 
This finding suggests that, unlike the lytic lesions 
of metastatic cancer (25), the osseous lesions in sar-
coidosis generally present without hypercalcemia. 
We found that baseline laboratory abnormalities 
were not associated with worsening composite or os-
seous outcomes over time, suggesting that abnormal 
serum levels of ACE and inflammatory markers are 
not reliable predictors for worsening clinical out-
comes for patients with osseous sarcoidosis.  

Osseous sarcoidosis can mimic metastatic bone 
lesions (9, 13) and for this reason is often heavily 
evaluated by physicians. Patients in our cohort had a 
median of 5.5 and 13 visits at 1 year and last follow-
up, respectively. This high level of resource utiliza-
tion in a cohort with, on average, favorable outcomes, 
may suggest that less aggressive follow-up may be 
warranted for some patients with osseous sarcoido-
sis. However, the timing and frequency of clinical 
follow-up should be determined based on clinical 
expertise since it is unclear that osseous involvement 
alone was responsible for this utilization of health 
care. 

We found that treatment at baseline and dur-
ing follow-up was associated with favorable clinical 
outcomes. Patients who were undergoing treatment 
with DMARDs or glucocorticoids at baseline were 
more likely to have stability or improvement than 
those patients who were never treated for osseous 
sarcoidosis during follow-up. Despite reports sug-
gesting that osseous sarcoidosis is resistant to treat-
ment (26), our data, along with other case reports 
and case series, (5, 6, 11, 18, 19, 27) demonstrate that 
patients with osseous sarcoidosis requiring treatment 
do respond favorably to systemic anti-inflammatory 
drugs. It is unclear whether the natural history of os-
seous sarcoidosis portends a relatively benign clinical 
course or whether some of the favorable clinical out-
comes observed were related to treatment. Our study 
provides a rationale for future, prospective studies to 
further investigate the role of treatment in osseous 
sarcoidosis.

There are several limitations to our study. While 
ours is one of the largest studies of patients with os-
seous sarcoidosis and the first to concentrate on out-
comes after initial presentation, our sample size was 
small and the length of follow-up was relatively lim-
ited. Therefore, we may have been unable to detect 
true associations and may not have observed clini-
cally relevant outcomes that require larger sample 
size and longer follow-up, such as bone fractures or 
death. We created a composite measure to detect any 
worsening on three objective tests (musculoskeletal/
chest imaging and PFTs) and one subjective measure 
(symptoms). However, this composite measure has 
not been validated, and it may not fully capture the 
burden of disease. We created this measure since no 
other outcome measures currently exist, and we uti-
lized criteria that clinicians and patients are likely to 
consider important metrics for success and/or initiat-
ing treatment. In our analysis, an abnormality in any 
one of four outcome measures resulted in a positive 
composite outcome, indicating overall deterioration. 
We find the relatively small number of patients who 
experienced this broad definition of a worsening 
composite outcome, to be reassuring information for 
providers and patients.

Although we collected detailed data on a variety 
of clinically relevant characteristics, our study was 
retrospective, and so not all data were available at all 
time points. We included patients through electronic 
medical record search and case specialist case referral. 
This process may bias our sample, and may account 
for the rate of biopsies performed to diagnose osse-
ous sarcoidosis. The frequency of follow-up visits was 
determined by routine clinical care and was inevita-
bly variable. It is possible that clinically meaningful 
outcomes may have occurred and were not noted in 
our medical record. However, most patients received 
all their care at our institution. While we collected 
a large list of laboratory, imaging, and clinical data, 
there was a relatively large amount of missing data 
since not all of these measurements were clinically 
indicated for all patients. Also, patients with ac-
tive disease requiring close clinical follow-up may 
have been seen more often and received more clini-
cal measures than patients with more stable disease. 
However, since we found that most patients had a 
relatively stable course during follow-up, we find this 
unlikely to explain our results. While our intent was 
to describe the natural history of patients with os-
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seous sarcoidosis, some patients were treated with 
DMARDs and glucocorticoids. When we restricted 
the sample size to patients who received no treat-
ment, we found overall similar results. 

Those who were treated with glucocorticoids 
or DMARDs were slightly more likely to have im-
provement at last follow-up compared to those who 
did not receive treatment. However, we found no 
association at the 1-year follow-up time point, so 
this result may be due to chance. Larger, prospective 
observational and interventional studies are needed 
to further describe the natural history of osseous 
sarcoidosis and to determine the role of treatment. 
Finally, we only included patients at a large tertiary 
care hospital so our results may not be generalizable 
to other patients owing to the care setting and de-
mographics of our population. We encourage col-
laborative efforts to further investigate rheumatic 
manifestations of sarcoidosis on a larger scale across 
institutions.

Conclusion

In this study of patients with 5-year median 
follow-up, we found that most patients with osseous 
sarcoidosis have a favorable clinical course. After ini-
tial diagnosis, most patients with osseous sarcoidosis 
were either stable or improved as measured by symp-
toms, musculoskeletal/chest imaging, and PFTs. 
Notably, the distribution and number of osseous 
sarcoidal lesions was not associated with worsened 
clinical outcomes, including among those present-
ing with widespread axial involvement. We found 
no association between pulmonary burden at base-
line and subsequent osseous sarcoidosis outcomes. 
While many patients did not require treatment with 
DMARDs or glucocorticoids, those who were treat-
ed also had favorable response. Our findings suggest 
that osseous sarcoidosis often has a favorable clinical 
course, though further prospective research is needed 
for definitive conclusions.
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