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Background: Our objective was to explore bone-related outcome and bone turnover markers (BTM) during 2 years of secukinumab 
treatment in patients with radiographic axial spondyloarthritis (r-axSpA) in daily clinical practice.
Methods: Included were consecutive r-axSpA outpatients from the Groningen Leeuwarden axSpA (GLAS) cohort treated with 
secukinumab for 2 years. At baseline and 2 years, spinal radiographic damage was assessed using the modified Stoke Ankylosing 
Spondylitis Spinal Score (mSASSS; 0–72), cervical facet joint involvement according the “de Vlam” scoring method (0–15) and 
radiographic vertebral fractures (VF) using the “Genant” method (grade 0–3). At all visits, BTM reflecting collagen resorption (serum 
type I collagen C-telopeptide; sCTX), collagen formation (procollagen type 1 N-terminal peptide; PINP) and bone mineralization (bone- 
specific alkaline phosphatase; BALP) were measured and expressed in Z-scores to correct for the normal influence of age and gender.
Results: 17 r-axSpA patients were included; 53% male, mean age was 47±15 years, mean Ankylosing Spondylitis Disease Activity 
Score (ASDAS) 3.9±1.2, and 53% was biological naïve. The median 2-year progression rates were 1.1 for mSASSS and 0.5 for facet 
joints, which was less than the smallest detectable change. One traumatic VF (grade 3) occurred. Serum levels of sCTX and PINP 
remained stable during secukinumab treatment and BALP decreased significantly after 2 years, with median 0–2 year change in 
Z-scores of +0.1, −0.4, and −1.2, respectively.
Conclusion: This explorative study of r-axSpA patients treated with secukinumab in daily clinical practice showed low radiographic 
spinal progression during 2 years of follow-up. Collagen resorption and formation markers remained stable, whereas mineralization 
marker BALP decreased significantly after 2 years. Our results are in line with the results of in vitro studies demonstrating that 
inhibition of IL17-A resulted in suppression of osteogenic differentiation with significant decrease in mineralization.
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Introduction
Radiographic axial spondyloarthritis (r-axSpA) is characterized by inflammation, which may result in both excessive 
bone formation and bone loss. This is reflected in bone-related outcomes including the development of radiographic bone 
formation with syndesmophytes and ankylosing of the spine, vertebral fractures (VF), and low bone mineral density 
(BMD). Bone turnover markers (BTM) are biomarkers that are released during bone remodeling by osteoclasts and 
osteoblasts and, therefore, in vivo mirroring bone metabolism (resorption, formation, and mineralization) and are 
fundamental to bone-related outcomes in axSpA.

Treatment with TNF-α inhibitors (TNFi) and interleukin-17 inhibitors (IL17i) has been proven to be effective in 
decreasing disease activity in patients with r-axSpA.1 Regarding bone metabolism, it was observed that BTM balance 
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favors collagen formation (PINP) and mineralization (BALP) during the first 3 years of TNFi, which was accompanied by 
significant improvement of BMD especially of the lumbar spine.2 Previously, we reported no changes in serum levels of 
BTM during 1 year of treatment with IL17i secukinumab.3 The objective of this study was to explore bone-related 
outcomes and BTM more long term, during 2 years of secukinumab treatment in r-axSpA patients in daily clinical practice.

Methods
We included consecutive r-axSpA outpatients, fulfilling the ASAS classification criteria and participating in the 
Groningen Leeuwarden axSpA (GLAS) cohort, who started treatment with secukinumab because of active disease 
between April 2016 and June 2020, and continued this treatment for 2 years. Secukinumab was administered as 
subcutaneous injection (150 mg) every 28 days. In case of inadequate clinical response, the frequency was raised to 
every 21 or 14 days. Demographic and clinical assessments were obtained from regular GLAS outpatient visits during 2 
years of follow-up.4 The GLAS cohort was approved by local ethics committees of the Medical Center Leeuwarden 
(main protocol assessment, TPO364) and University Medical Center Groningen (local feasibility). All patients provided 
written informed consent according to the Declaration of Helsinki.

Bone-related outcomes were assessed at baseline and after 2 years in patients with available radiographs. Spinal 
radiographic damage was assessed using the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS; 0–72) and 
cervical facet joint involvement according the “de Vlam” scoring method (0–15).5,6 Radiographic VFs were assessed 
using the “Genant” scoring method grade 0–3).7 BMD of the lumbar spine (anterior-posterior projection L1-L4) and hip 
(total proximal femur) was measured at baseline but not follow-up using dual-energy X-ray absorptiometry (Hologic 
QDR Discovery, Waltman, MA, USA). The window in which baseline BMD data was obtained was ±1 year from start of 
biological. Z-scores, the number of SD from the normal mean corrected for age and gender, were calculated using the 
NHANES reference database.

At all visits, serum bone turnover markers were assessed. sCTX was measured by electro-chemiluminescence 
(ECLIA; Elecsys 2010 Roche Mannheim, Germany; inter-assay coefficient of variation (IE-CV) 10.8%), PINP by RIA 
(Orion Diagnostica, Espoo, Finland; IE-CV 9.0%) and BALP by enzyme-linked immunosorbent assay (ELISA; Metra 
Biosystems, Mountain View, CA, USA; IE-CV 5.5%). Bone turnover markers were measured in a NEN-EN-ISO 
9001:2008 certified and NEN-EN-ISO 15189:2012 accredited laboratory. Serum was acquired of non-fasting patients 
during study visits of the GLAS cohort taking place at fixed hours (same half-day) and were stored within one hour at 
−20°C until analysis. BTM were measured and expressed in Z-scores, calculated as the number of standard deviations 
(SD) from the normal mean corrected for age and gender.2

Statistical analysis was performed with SPSS Statistics 23. Bone-related outcomes were explored using descriptive 
statistics. Generalized estimating equations were used to analyze BTM Z-scores over time within patients. P values <0.05 
were considered statistically significant.

Results
Twenty-four patients started secukinumab treatment, of which 17 completed 2 years of treatment and were included in 
the present analysis; 53% men, mean age 47±15 years, median symptom duration 20 years (interquartile range (IQR) 12– 
31), 82% HLA-B27+, 53% biological disease-modifying antirheumatic drug (DMARD) naïve and median C-reactive 
protein (CRP) 5 mg/L (IQR 3–26) (Table 1). Secukinumab was administered as 150 mg per 28 days (n=9), 21 days (n=2), 
or 14 days (n=6). Mean ASDAS was 3.9±1.2 at baseline and this improved significantly to 2.2±1.1 after 2 year of 
secukinumab. Mean vitamin D levels were stable during follow-up; 69.9±21.8 at baseline and 72.2±28.7 after 2 years. 
Regarding bone-related outcome at baseline, median values for BMD Z-score were −0.6 for the lumbar spine and −0.1 
for the hip, 3.3 for mSASSS and 1.5 for facet joint score. No radiographic VFs were found at the baseline. Median BTM 
Z-scores were 0.00, −0.60, and 1.16 for sCTX, PINP, and BALP, respectively.

Ten patients had radiographic data available at baseline and 2 years, their median baseline values were 4.7 and 1.0 for 
mSASSS and facet joint score, respectively, and the median 2-year progression rates were 1.1 and 0.5 units (Figure 1A and B). 
For both outcomes, this progression rate was less than the smallest detectable change (SDC) of 1.8 and 2.3 units, respectively. 
One patient developed a traumatic VF (grade 3) after falling from a horse.
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Serum levels of sCTX and PINP did not significantly change during treatment with a median change in Z-score of 
+0.1 or −0.4, respectively, after 2 years. Serum levels of BALP decreased significantly with a median change in Z-score 
of −1.2 after 2 years (Figure 1C–E). Sensitivity analyses in a subgroup of patients who already reached 3 years of follow- 
up (n=8) indicated that BALP Z-scores remained low after 3 years of secukinumab treatment (data not shown).

Discussion
In this study, we explored the effect of 2 years of secukinumab treatment on the bone metabolism in r-axSpA patients in 
daily clinical practice. Our results showed low spinal radiographic progression, confirming the previously reported 
findings from the MEASURE 1 trial and the recent SURPASS trial.8,9 BMD, especially in the lumbar spine, was 
somewhat lower than in other individuals of the same age and sex, which is comparable to the data of previous studies.10 

Due to the short follow-up time, no BMD follow-up data are available. No VF were observed at baseline and only one 
VF occurred during follow-up, which was related to trauma. Furthermore, we studied biomarkers reflecting the under
lying bone metabolism with BTM, using Z-scores to correct for the normal influence of age and gender.

Table 1 Baseline Characteristics of r-axSpA Patients 
Treated with Secukinumab for 2 Years (n=17)

Characteristics Patients

Age (yrs) 47 ± 15

Gender (male) (n, %) 9 (53)
Duration of symptoms (yrs) 20 (12–31)

HLA-B27+ (n, %) 14 (82)

History of IBD (n, %) 1 (6)
History of uveitis (n, %) 3 (18)

History of psoriasis (n, %) 1 (6)

History of TNFi use (n, %) 8 (47)
Current NSAID use (n, %) 13 (76)

Current DMARD use (n, %) 9 (53)

BASDAI (range 0–10) 6.8 ± 1.7
BASDAI ≥4 (n, %) 16 (94)

ASDASCRP 3.9 ± 1.2

ASDASCRP ≥2.1 (n, %) 17 (100)
CRP (mg/L) 5 (2.5–26)

Increased CRP >5 (n, %) 8 (47)

25(OH)D (nmol/L) 69.9 ± 21.8
sCTX (pg/mL) 287.0 (175.5–370.3)

sCTX Z-score 0.0 (−0.4–1.4)

PINP (µg/L) 49.9 (39.7–73.9)
PINP Z-score 0.6 (0.1–1.6)

BALP (U/L) 21.3 (16.4–29.3)

BALP Z-score 1.2 (−0.2–2.7)
LS BMD Z-score −0.6 (−1.5–−0.4)

Hip BMD Z-score −0.1 (−1.0–0.1)

mSASSS (0–72) 3.3 (1.3–10.2)
Facet joint score (0–15) 1.5 (0.0–2.8)

Note: Values are mean ± SD or median (range) unless otherwise indicated. 
Abbreviations: R-axSpA, radiographic axial spondyloarthritis; HLA-B27+, 
human leukocyte antigen B27 positive; IBD, inflammatory bowel disease; 
NSAID, non-steroidal anti-inflammatory drug; DMARD, disease-modifying anti
rheumatic drug; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; 
ASDAScrp, ankylosing spondylitis disease activity score with CRP; CRP, 
C-reactive protein; sCTX, serum C-telopeptide of type I collagen; PINP, pro
collagen type 1 N-terminal peptide; BALP, bone-specific-alkaline phosphatase; 
LS BMD, lumbar spine bone mineral density; hip BMD, hip bone mineral density; 
mSASSS, modified stoke ankylosing spondylitis spine score.
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Figure 1 Bone-related outcomes mSASSS (A), facet joint score (B) and bone turnover markers sCTX (C), PINP (D) and BALP (E) in r-axSpA patients treated with 
secukinumab (IL17i) for 2 years (total group n=17). Bar indicates median value and dots represent individual patient values. ***Indicate p-value of <0.001 compared to 
baseline.
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Serum levels of BTM related to collagen resorption (sCTX) and collagen formation (PINP) remained stable, whereas 
BTM related to mineralization (BALP) decreased significantly after 2 years. In contrast to our findings, absolute values 
of all BTM remained stable during 2 years of secukinumab in the MEASURE 1 trial. The percentage of females included 
in our study was larger than in the MEASURE 1 trial. Reduced mineralization, as observed during menopause, is 
associated with a decrease in BALP.11 However, we observed a decrease in BALP in Z-scores and absolute values in both 
males and females (data not shown), excluding the difference in gender distribution between our study and the 
MEASURE 1 study as a possible explanation.

Another difference between our study and the MEASURE 1 trial is the dosage in which secukinumab was 
administered. In our study, patients started with 150 mg per 28 days, but this was raised to 150 mg per 21 or 14 days 
in half of the patients. In the MEASURE 1 trial, patients received 75 mg or 150 mg per 28 days. However, it was not 
mentioned how many and which patients were included in the BTM analyses and whether there was a difference in the 
course of BALP between both dosing arms. Therefore, the difference in the course of BALP between the two studies 
could be due to a dose-dependent effect of secukinumab, differences in patient characteristics or both.

The major limitation of our study is the relatively small number of patients in follow-up. In future research, our results 
should be confirmed in a larger group of patients. However, according to BTM data the decrease in BALP remained in the 
subgroup of patients who had already reached 3 years of follow-up. Furthermore, our results from patients treated with 
secukinumab in daily clinical practice are in line with previous in vitro research, demonstrating that IL17 subtypes A and 
F promote osteogenic differentiation and matrix mineralization. Furthermore, inhibition of IL17 subtypes A and F resulted in 
suppression of osteogenic differentiation with a significant decrease in mineralization.12 This could be an explanation for the 
observed course in BALP since secukinumab inhibits IL17-A and BALP is an essential facilitator of bone mineralization.

Conclusion
To conclude, this explorative study of r-axSpA patients receiving secukinumab in daily clinical practice showed low 
radiographic spinal progression, less than the SDC, during 2 years of treatment. Additionally, serum levels of BTM 
related to collagen resorption and formation remained stable, whereas BALP, related to mineralization, decreased 
significantly after 2 years. Longitudinal research in a larger sample of patients is needed to further investigate the effect 
of IL17i treatment on serum levels of BALP, which may be dose-dependent, and to associate these findings with long- 
term bone-related outcome, especially with the course of BMD.

Abbreviations
BALP, bone-specific alkaline phosphatase; BMD, bone mineral density; BTM, bone turnover marker; CRP, C-reactive 
protein; DMARD, disease-modifying antirheumatic drugs; GLAS, Groningen Leeuwarden axSpA; IL17i, interleukin-17 
inhibitor; IQR, interquartile range; MCL, Medical Center Leeuwarden; mSASSS, modified stoke ankylosing spondylitis 
spine score; PINP, procollagen type 1 N-terminal peptide; sCTX, serum C-telopeptide cross-link of type 1 collagen; 
R-axSpA; radiographic axial spondyloarthritis; SD, standard deviation; SDC, smallest detectable change; UMCG, 
University Medical Center Groningen; VF, vertebral fracture.
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