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rs3740691, and rs1061622. the genetic model of nonre-
sponse to treatment had a predictive power of 0.77 (95 % 
cI 0.68–0.86). Our study identified several polymorphisms 
which could be the useful genetic biomarkers in predicting 
nonresponse to anti-tnF-alpha therapy.
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Introduction

ankylosing spondylitis (aS) is an inflammatory rheumatic 
disease in which the inflammatory process mainly involves 
the spine and, to a lesser extent, the peripheral joints [1]. 
One of the most important clinical challenges is to control 
the inflammation and, therefore, to maintain aS patients 
symptom-free. Several studies have strongly confirmed the 
implication of the pro-inflammatory cytokine tnF-alpha in 
the pathogenesis of aS [2–4]. Hence, after a documented 
failure to previous nonsteroidal anti-inflammatory drugs 
(nSaIDs), anti-tnF-alpha agents are being adminis-
trated in patients with active disease, according to assess-
ment of Spondyloarthritis international Society (aSaS) 
recommendations.

anti-tnF-alpha agents act by inhibiting the binding 
of tnF-alpha to its receptors and therefore interfere with 
tnF-alpha signaling transduction pathways. Placebo-con-
trolled randomized trials (Rtcs) revealed similar efficacy 
in controlling active disease for all four accepted tnF-
alpha inhibitors (infliximab [5], etanercept [6], adalimumab 
[7], and golimumab [8]).

clinical markers in response to anti-tnF-alpha agents 
[9–12] have been investigated in several Rtcs. neverthe-
less, patient selection for Rtcs is not always representative 
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of patients to whom drugs are prescribed in clinical prac-
tice. thus, data from observational registries provide valu-
able knowledge about daily patients. Recent evidence from 
observational studies has reported that raised erythrocyte 
sedimentation rate (eSR) level, higher c-reactive protein 
(cRP) level, lower BaSFI, younger age at baseline, male 
gender, peripheral arthritis, and concurrent use of disease 
modifying antirheumatic drug (DMaRDS), primly metho-
trexate (MtX) and sulphasalazine (SSZ), showed associa-
tion with BaSDaI 50 clinical response [13–15]. Still, data 
from meta-analysis do not support any benefit of MtX and 
only some benefit for SSZ in the treatment of aS [16, 17]. 
Moreover, there is a high percentage of aS patients who 
remained disease-active despite long-term anti-tnF-alpha 
treatment [18, 19], in which case genetic background may 
play an important role.

In contrast with rheumatoid arthritis (Ra), few studies 
have analyzed the role of genetic markers in the response 
to anti-tnF-alpha treatment in aS patients and the results 
were contradictory. Most studies analyzed either Hla-B27 
status of the patients or tnF-alpha-gene polymorphisms as 
potential predictor factors in response to biological treat-
ment in aS [10–12, 20, 21].

Pharmacogenomic studies, focusing on genes involved 
in aS etiology and pathogenesis, in order to analyze the 
role of allelic polymorphisms in the individual difference 
in treatment response to tnF-alpha inhibitors, are lack-
ing in aS. taking into account the cost and the potential 
severe side effects of these agents, identification of genetic 
biomarkers of treatment inefficacy would be of major use 
for prospectively selecting patients that will most likely 
respond to such treatment.

therefore, the aim of our study was to identify SnPs 
predictors of treatment nonresponse to the first tnF-
alpha inhibitor in Spanish aS patients from daily clinical 
practice.

Patients and methods

Patients and study design

We performed a longitudinal multicenter study on aS 
patients enrolled in the RegISPOnSeR registry [22]. 
RegISPOnSeR commenced in 2004 and gathers over 
2,000 patients from 31 rheumatology departments through-
out Spain, followed up annually for 5 years. Out of all 
RegISPOnSeR patients, 529 patients [23] fulfilled the 
modified new York criteria for aS [24]—(RegISPOn-
SeR-aS cohort). For this study, we only selected the 
patients with aS who started their first tnF-alpha inhibi-
tor according to aSaS recommendation, during the inter-
val between two RegISPOnSeR-aS scheduled visits. 

the decision to commence a particular agent depended 
on the decision of the attending rheumatologist together 
with the patient’s specific preference. Until 2006, patients 
were treated with either infliximab or etanercept, since 
adalimumab has been approved for aS treatment in Spain 
in 2006. none of the patients had been treated with goli-
mumab. In this study, patients could receive concomitant 
medication with either nSaIDs or DMaRDs (sulphasala-
zine, methotrexate) as prescribed by their rheumatologist.

Baseline characteristics of the disease, prior anti-tnF-
alpha treatment, together with baseline and follow-up 
parameters of disease activity were registered and analyzed 
in our study. they included patient’s clinical and demo-
graphic data such as gender, age, ethnicity, age at disease 
onset, family history of Spa, initial Spa symptoms (low 
back pain, enthesitis, dactylitis, coxitis, uveitis, periph-
eral arthritis, psoriasis, inflammatory bowel disease), and 
comorbidities. Disease activity parameters were assessed 
with (1) BaSDaI (on a scale 0–10), (2) erythrocyte sedi-
mentation rate (eSR), (3) c-reactive protein (cRP, mg/l). 
aSaS-endorsed disease activity score (aSDaS) was calcu-
lated using the accepted formula with cRP.

Definition of nonresponse

this is a multicenter evaluating response study, and in order 
to standardize, all centers annually assessment reports were 
required from all the doctors who participated in the study, 
but each patient was evaluated in its own center every 
12–20 weeks, and only patients who maintain an adequate 
therapeutic response after 1 year remained enrolled in the 
study. thus, we classified patients as “responders” if they 
achieved BaSDaI 50 clinical response at the assessment 
visit and “nonresponders” if they failed to achieve BaSDaI 
50 clinical improvement at the assessment visit, accord-
ing to aSaS guidelines (a 50 % improvement of the initial 
BaSDaI).

the primary outcome was to identify genetic polymor-
phisms associated to patients who commenced tnF-alpha 
blockers and did not achieve BaSDaI 50 improvement cri-
teria at the assessment visit.

genotyping

genomic Dna was isolated from saliva samples using the 
Oragene™ Dna Self-collection kit (Dna genotek Inc., 
Ottawa, canada), following the manufacturer’s extrac-
tion protocol. after an extensive bibliographic search, 
we selected candidate SnPs previously reported to be 
associated with susceptibility or pathogenesis of aS and 
with other Spas (psoriatic arthritis, juvenile idiopathic 
arthritis, reactive arthritis, undifferentiated arthritis and 
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inflammatory bowel disease-associated spondyloarthropa-
thy), SnPs associated with autoimmune and bone-related 
diseases, and SnPs from the metabolic pathways of the 
Il-23 receptor (Il-23R) and endoplasmic reticulum amin-
opeptidase 1 (eRaP1) genes. In total, 384 candidate SnPs 
distributed in 190 genes were analyzed in this study. SnP 
genotyping was performed using the Illumina golden gate 
genotyping platform (Illumina, Inc., San Diego, ca, USa) 
[25].

Statistical analysis

Statistical analysis was performed with SPSS v19.0 soft-
ware (SPSS, chicago, Il, USa) and SVS software v7.3.1 
(golden Helix Inc., Bozeman, Montana, USa). Patient 
population data in the study were shown as mean and 
standard deviation (±SD) for quantitative variables and as 
absolute number and relative frequencies (%) for qualita-
tive variables. We compared clinical characteristics of 
treatment response groups with the χ2 test for categorical 
variables and with the unpaired student t test for continuous 
variables.

a test for deviation from Hardy–Weinberg equilibrium 
(HWe) was performed for each SnP using the Helix tree 
software version 7.3.1. Pruning of the initial genotype data-
set with default parameters (exclusion of SnPs with poor 
genotype cloud clustering, of SnPs with call rate <85 %, of 
SnPs with severe deviation from HWe (P < 0.0001), and 
of samples with call rate <85 %) led to 456 samples and 
345 SnPs being analyzed [26, 27]. Measures of pairwise 
linkage disequilibrium (lD) (r2 > 0.8) were determined 
using Haploview version 4.1 (Whitehead Institute for Bio-
medical Research, cambridge, Ma, USa) [28]. all SnPs 
reported in this study had minor allele frequency (MaF) 
>10 %.

an association test between allele frequencies and the 
treatment response groups was performed with the χ2 
test. the magnitude of allele association was expressed as 
odd ratio (OR) with a 95 % confidence interval (cI) (OR 
>1 indicates a risk allele, and OR <1 indicates a protec-
tive allele). P values were adjusted using a single-value 
permutation test (1,000 permutations). the probability of 
nonresponse was modeled using logistic regression, con-
sidering as dependent variable the variable “nonresponder” 
(1 = yes, 0 = no) and as independent variables the poly-
morphisms identified statistically significant associated 
with nonresponse to treatment in the allele frequency χ2 
test after adjustment. Independent variables were intro-
duced as genotypes groups (1—homozygote and heterozy-
gote for risk allele, 0—homozygote without risk allele) 
after dominance or recessive behavior for each SnPs was 
tested. the genotypes which showed association with non-
response to treatment in the univariate analysis (P < 0.05) 

were entered into the multiple backward logistic regression 
through the Wald statistic test. We used elimination until 
P ≥ 0.15; the reduced model was compared with the ini-
tial model using the likelihood ratio test. We tested the dis-
crimination of the final model via the Hosmer–lemeshow 
statistic and the receiver operating characteristic (ROc) 
curve with 95 % cI. to analyze the predictive power of 
our genetic model of nonresponse to biological treatment, 
aUc-ROc was used (analyse-it software v2.09, leeds, 
UK). contrasts were all bilateral and P values <0.05 were 
considered statistically significant.

ethical approval

this study was approved by the ethics committee of 
Reina Sofia University Hospital and of Puerta de Hierro 
Majadahonda University Hospital, Madrid, Spain. each 
patient signed an informed consent upon inclusion in the 
RegISPOnSeR-aS, according to the fundamental prin-
ciples established in the Declaration of Human Rights in 
Helsinki.

Results

Response status to anti-tnF-alpha treatment

among the 529 RegISPOnSeR-aS patients, 121 aS 
patients fulfilled the inclusion criteria. Sixty-eight (56.2 %) 
were responders and fifty-three (43.8 %) were nonrespond-
ers to anti-tnF-alpha treatment at the assessment visit 
after applying BaSDaI 50 improvement criteria compared 
with baseline (initiation of tnF-alpha treatment). Base-
line clinical and demographic characteristics are summa-
rized in table 1. the mean age of studied patients at treat-
ment initiation visit was 47.7 ± 9.5 years, with mean age 
at onset of the disease of 26.6 ± 10.6 years and mean dis-
ease duration since first symptoms of 21.1 ± 8.9 years. 
there were no statistically significant differences in base-
line clinical and demographic characteristics between the 
two treatment response groups, with the exception of those 
patients who did not respond to anti-tnF-alpha treatment 
which had a statistically significantly older age at disease 
onset (28.4 ± 8.7 vs. 24.2 ± 9.4; P = 0.021). Mean anti-
tnF-alpha treatment duration between initiation and the 
assessment visit for all patients was 12 ± 3 months. after 
applying aSDaS formula, we did not find statistically sig-
nificant differences in baseline disease activity between the 
two treatment response groups. Interestingly, at baseline, 
the nonresponders group had a trend of lower-inflamma-
tion biomarkers than patients which responded to biologi-
cal treatment (table 1), but at the assessment visit, they 
showed significantly higher eSR (mm/h) (22.8 ± 22.4 vs. 
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13.87 ± 13.1; P = 0.016) and cRP (mg/l) (9.27 ± 8.5 vs. 
5.09 ± 4.9; P = 0.003) values than responders. Infliximab, 
etanercept, and adalimumab were used in 62 (51.2 %), 34 
(28.1 %) and 25 (20.7 %) patients, respectively. there were 
no statistically significant differences between the response 
groups for concomitant DMaRDs use(sulphasalazine, 
methotrexate) (data not shown). However, a statistically 
significant difference was observed between the two groups 
regarding nSaID use, as nonresponders were more frequent 
nSaIDs consumers (44 [83 %] vs. 40 [73.5 %]; P = 0.048).

SNPs association with treatment response status  
to the first TNF‑alpha inhibitor agent

From the 345 SnPs tested for association with individual 
response to anti-tnF-alpha agents, 13 polymorphisms 
showed significant association with treatment response 
status assessed with BaSDaI50 (table 2). three SnPs 
from the CALM1 (Calmoduline 1) gene were in linkage 
disequilibrium (lD). after adjustment with a single-value 
permutation test, four SnPs did not remain significantly 

Table 1  Baseline characteristics and disease activity in aS patients at inclusion visit

ESR erythrocyte sedimentation rate, HLA human leukocyte antigen, NS not statistically significant, SD standard deviation, y years; * Baseline-at 
the inclusion in RegISPOnSeR, before anti-tnF-alpha therapy

clinical variables and disease activity at baseline* all patients N = 121 Responders N = 68 nonresponders N = 53 P value

age (±SD) (year) 47.7 ± 9.5 46.3 ± 10.2 49.6 ± 8 nS

age at disease onset (±SD) (year) 26.6 ± 10.6 24.2 ± 9.4 28.4 ± 8.7 0.021

Males n (%) 89 (73.6) 48 (70.6) 41 (77.4) nS

Race caucasian n (%) 112 (99.1) 64 (100) 48 (98) nS

Disease duration (±SD) (year) 21.1 (±8.9) 21.5 (±10.4) 21.16 (±6.6) nS

Inflammatory back pain n (%) 118 (97.5) 65 (95.6) 53 (100) nS

Peripheral arthritis n (%) 55 (45.8) 31 (46.3) 24 (45.3) nS

coxitis n (%) 5 (4.1) 4 (5.9) 1 (1.9) nS

entesitis n (%) 46 (38.3) 25 (37.3) 21 (39.6) nS

Uveitis n (%) 27 (22.7) 15 (22.4) 12 (23.1) nS

Dactilitis n (%) 10 (8.8) 6 (8.8) 4 (7.8) nS

Psoriasis n (%) 14 (11.7) 6 (8.8) 8 (15.4) nS

colitis n (%) 17 (14) 13 (19.1) 4 (7.5) nS

Family history of Spa n (%) 21 (20.2) 11 (18.6) 10 (22.2) nS

Hla-B27 positivity n (%) 94 (77.7) 54 (79.4) 40 (75.5) nS

eSR (mm/h) (±SD) 32.3 ± 4.8 32.8 ± 25.7 31.7 ± 23.8 nS

cRP (mg/l) (±SD) 17.6 ± 17.2 20 ± 20.1 14.3 ± 12 nS

BaSDa I (±SD) 5.68 ± 2.05 5.04 ± 2.1 6.3 ± 1.7 0.003

aSDaS (±SD) 3.6 ± 0.9 3.5 ± 0.9 3.84 ± 0.7 nS

Table 2  allelic association test 
of nonresponse to anti-tnF-
alpha treatment in aS patients 
according to BASDAI50 clinical 
response

* P values adjusted by a single-
value permutation test 

Snp gene Risk allele, OR (95 % cI) X2 test unadjusted P X2 test adjusted P*

rs755622 MIF g, 2.92 (1.41–6.03) 0.002 0.003

rs917997 Il18RaP a, 2 .4 (1.32–4.35) 0.003 0.005

rs1061622 tnFRSF1B g, 2.12 (1.15–3.91) 0.014 0.009

rs4343 ace g, 1.82 (1.05–3.13) 0.029 0.016

rs4355801 tnFRSF11B a, 1.79 (1.04–3.08) 0.031 0.051

rs6060369 UQcc a, 1.77 (1.03–3.02) 0.035 0.032

rs3740691 aRFgaP2 a, 1.76 (1.03–3.02) 0.035 0.031

rs764481 cYP2D6 g, 1.77 (1.02–3.09) 0.040 0.077

rs331377 aSPn g, 1.7 (1.01–2.84) 0.041 0.043

rs3213718 calM1 a, 1.72 (1.01–2.92) 0.043 0.044

rs1800896 Il10 a, 1.69 (1.01–2.84) 0.044 0.029

rs2300496 calM1 a, 1.68 (1.002–2.83) 0.048 0.055

rs2300500 calM1 g, 1.68 (1.002-2.83) 0.048 0.055
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associated with treatment response status, two of them 
were SnPs in the CALM1 gene; therefore, nine independ-
ent associations were finally identified (table 2).

all nine polymorphisms that showed significant asso-
ciation with nonresponse status to biological treatment, 
in the allele frequencies association test, were entered 
as genotypes in the multivariate model. We found that: 
rs917997 in the IL18RAP gene (OR 3.35, 95 % cI 1.38–
8.15), rs755622 (OR 3.14, 95 % cI 1.19–8.22) in the 
MIF gene, rs1800896 in the IL10 gene (OR 3.09, 95 % 
cI 1.04–9.15), rs3740691 (OR 2.90, 95 % cI 1.12–7.51) 
in the ARFGAP2 gene, rs1061622 (OR: 2.46, 95 % cI 
1.00–6.04) in the TNFRSF1B gene were independent pre-
dictors of nonresponse of the first anti-tnF-alpha agent 
(table 3). the genetic model obtained in nonresponse 
to treatment has a predictive power, as indicated by the 
ROc aUc, of 0.77 (95 % cI 0.68–0.86) in Fig. 1. the 
distribution of the probabilities obtained with the predic-
tion model for the responders and nonresponders patients 
is shown in Fig. 2. the median value for the probability 
in the responder group was 0.32, whereas higher value 
was obtained for nonresponders to biological treatment, 
reaching 0.57.

Discussion

In this study, we searched for pharmacogenomic mark-
ers responsible for nonresponse to anti-tnF-alpha agents 
in previously untreated aS patients. Our candidate gene 
study led to the identification of five SnPs in five differ-
ent genes as being predictive factors of nonresponse to the 
first biological treatment. these genetic variants could alter 
the effectiveness of the anti-tnF-alpha drugs: rs755622 in 
the macrophage migration inhibitory factor (MIF) gene, 
rs917997 in the interleukin 18 receptor accessory protein 
(IL18RAP) gene, rs1800896 in the IL10 gene, rs1061622 in 
the tumor necrosis factor receptor superfamily, member 1B 

(TNFRSFB1) and rs3740691 in ADP-ribosylation factor 
GTPase-activating protein 2 (ARFGAP2) gene.

the percentage of BaSDaI 50 responders to tnF-alpha 
agents in our study was 56.2 %, close to the previous find-
ings [14, 19]; therefore, it supports the need to search for 
objective predictors of treatment response, beyond clini-
cal and demographic factors. RegISPOnSeR-aS patients 
belong to daily clinical practice, but, interestingly, the 
clinical characteristics of the two treatment response status 
groups did not differ. Moreover, no difference was encoun-
tered in aS disease duration or in HLA B27 status in the 
two treatment activity groups (responders 54 [79.4 %] 
vs. nonresponders 40 (75.5 %), P = nS). nevertheless, 

Table 3  logistic regression analysis to predict nonresponse to biological treatment in aS

a  to asses the goodness to fit of the model, Hosmer–lemeshow test and the receiver operating characteristic (ROc) curve with 95 % cI were used

SnP gene Risk genotype Univariate analysis OR (95 % cI), P Multivariate analysisa OR(95 % cI), P

rs755622 MIF gg+cg 3.002 (1.33–6.78), 0.008 3.14 (1.19–8.22), 0.019

rs917997 IL18RAP aa+ag 3.15 (1.49–6.78), 0.003 3.35 (1.38–8.15), 0.007

rs1061622 TNFRSF1B gg+tg 2.5 (1.19–5.28), 0.016 2.46 (1.00–6.04), 0.048

rs4343 ACE gg 2.40 (1.09–5.27), 0.028

rs6060369 UQCC aa 2.15 (1.02–4.53), 0.043

rs3740691 ARFGAP2 aa+ag 2.38 (1.08–5.26), 0.031 2.90 (1.12–7.51), 0.002

rs331377 ASPN gg+ag 2,25 (1.005–5.04), 0.049

rs3213718 CALM1 aa 2.15 (1.02–4.53), 0.043

rs1800896 IL10 aa 3.02 (1.24–7.29), 0.014 3.09 (1.04–9.15), 0.041
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biological treatment
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patients with nonresponse to treatment had a statistically 
significant older age at disease onset (24 [±9.4] vs. 28 
(±8.7), OR 1.048, cI 1.006–1.091, P = 0.025) and had 
lower levels of baseline inflammatory biomarkers, consist-
ent with previous studies regarding clinical predictors of 
treatment response in aS [11, 14]. an interesting finding 
is that patients in nonresponder group had a significantly 
higher BaSDaI (P = 0.003) which comes to support the 
results from studies that analyzed predictors of tnF-alpha 
treatment discontinuation and drug survival [14, 29].

Our study showed that polymorphism rs917997 risk 
allele a, in the IL18RAP gene, was the strongest predic-
tor of nonresponse to biological treatment. IL18RAP gene 
encodes the ß chain of the heterodimeric receptor for 
Il-18 (Il18Rß), and it is responsible for signal transduc-
tion in response to Il-18. Il-18 is one of the most effective 
cytokines in regulating nK cell activity and th1-mediated 
immune responses and, therefore, defense against infection 
with intracellular microbes through the induction of IFn-
gamma [30]. Defective Il-18 receptor function has been 
reported in patients with systemic-onset juvenile idiopathic 
arthritis together with a nonfunctional Il-18/nK cell axis 
[31]. allele a in rs917997 was strongly associated with 
celiac disease susceptibility [32], and it has also shown 
association with inflammatory bowel disease [33]. Risk 
allele a in rs917997 correlated with lower levels of mRna 
Il18RaP expression, suggesting that individuals with risk 
allele a have reduced Il18Rß, leading to low IFn-gamma 

secretion [32]. Our study revealed a statistically significant 
likelihood of nonresponse to anti-tnF-alpha treatment for 
rs917997 risk allele a in IL18RAP gene (OR 3.35 [1.38–
8.15], P = 0.007), suggesting a link between nonresponse 
to anti-tnF-alpha agents and impairment in the efficacy of 
Il-18 signaling that may generate low production of IFn- 
gamma and tnF-alpha.

Moreover, our findings showed that a polymorphism in 
the MIF gene located on chromosome 22q11.2 contributes 
to the absence of response to treatment. MIF cytokine is 
released by many immunologic effector cells after expo-
sure to microbial products and pro-inflammatory cytokines 
and promotes the production of pro-inflammatory media-
tors, including tnF-alpha. the minor allele, allele g, of 
the SnP rs755622 in the MIF gene predicts nonresponse to 
treatment in our study (OR 3.14 [1.19–8.22], P = 0.019). 
this SnP, located in the gene’s promoter region, was pre-
viously reported to be associated with treatment response. 
Specifically, rs755622 risk allele g has been previously 
associated with relapse to local steroid treatment in pso-
riasis arthritis patients [34]. Studies in Ra patients dem-
onstrated that carriers of the minor allele of rs755622 
have higher levels of circulating MIF and higher levels of 
radiological joint damage [35]. thus, we may speculate 
that in aS patients, rs755622 risk allele g reflects a more 
active disease associated with higher inflammatory activity 
because of increased MIF levels.

Previous studies demonstrated that polymorphism 
rs1800896 located on chromosome 1q31–q32, within the 
IL10 gene promoter region, influences Il-10 cytokine 
plasma levels, which were significantly higher in patients 
homozygous for the g allele [36]. Il-10 was demonstrated 
to inhibit the production of inflammatory mediators and 
can be considered as a natural immunosuppressant of tnF-
α [37]. low Il-10 producer genotype (aa) in Ra patients 
was found to predispose to development of anticyclic cit-
rullinated peptide antibodies (anti-ccP) positivity Ra dis-
ease with reduced response to prednisone treatment [38]. 
Our study identified that aS patients carrying the risk allele 
a of rs1800896 were nonresponders to anti-tnF-alpha 
treatment (OR 3.09 [1.04–9.15], P = 0.041), sustaining the 
association of low-level producer Il-10 genotype with the 
risk of lack of response to treatment.

the actions of tnF-alpha are mediated by means of 
binding to two distinct cell surface receptors, namely tumor 
necrosis factor receptors I (tnF-RI) and II (tnF-RII, also 
known as tnFRSF1B or p75). the two receptors appear 
to promote distinct tnF-alpha-induced cellular responses, 
although both are capable of inducing the nuclear factor-κB 
(nF-κB) pathway. In addition to membrane-bound forms, 
both tnF receptors can exist as soluble proteins (stnFRs) 
and can act as natural inhibitors of tnF-alpha by prevent-
ing soluble tnF-alpha from binding to membrane-bound 

Fig. 2  Distribution of probabilities in the predictive genetic model 
(responders and nonresponders to biological treatment). For each box, 
it is indicated median value, first and third quartile, minimum and 
maximum value
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tnF receptors. tnF-RII is typically found on immune and 
endothelial cells [39] and binds preferentially to transmem-
brane tnF-alpha [40]. tnF-RII is necessary for antigen-
driven differentiation and survival of t-cells, being an 
important co-stimulator for t cell activation and for opti-
mal Il-2 and IFn-gamma induction [41]. the levels of 
both soluble and membrane-bound tnF-RII were high in 
patients with Ra [42, 43]. In our analysis, we identified the 
SnP rs1061622 in the TNFRSF1B (TNFRII) gene, located 
on chromosome 1p36, which encodes the p75 receptor, 
strongly influenced on treatment response status. In Ra 
patients, it was shown that rs1061622 affected the level and 
functions of soluble tnF receptor p75 and, consequently, 
influenced the response to anti-tnF-alpha treatment [44, 
45]. Patients with TNF-RII gg genotype at rs1061622 
expressed the lowest stnF-RII levels and exhibited a 
poorer response to anti-tnF-alpha therapy [45, 46]. In this 
study, we identified the rs1061622 risk allele g to influence 
the of nonresponse likelihood to anti-tnF-alpha treatment 
(OR 2.46 [1.00–6.04], P = 0.048), consistent with the pre-
vious results in Ra patients.

as with other previous reports on the pharmacogenom-
ics of response to anti-tnF-alpha agents, our study is lim-
ited by a relatively small sample size lack and by a lack 
of an independent cohort to validate the observed genetic 
associations with biological treatment nonresponse. We 
chose to present our results based on BaSDaI, as this rep-
resents the main tool in daily clinical practice to assess dis-
ease activity. nevertheless, parameters that measure the dis-
ease’s inflammatory activity more objectively may provide 
a more accurate means of assessing treatment response. In 
this context, the aSDaS scoring system has been shown to 
be a more powerful tool than BaSDaI 50 in patients with 
high cRP and may reflect the inflammatory process and the 
efficacy of biological treatment better [11, 47]. Future stud-
ies will need to investigate whether aSDaS cutoffs facili-
tate the identification of the same genetic markers associ-
ated with lack of response to biological treatment.

In conclusion, the contribution of genetic factors 
accounting for treatment response to anti-tnF-alpha agents 
is not yet well known. Our findings suggest that there are 
certain genetic profiles for which tnF-alpha blockers are 
ineffective and validation of a genetic model that predict 
response status to the first anti-tnF-alpha treatment would 
be a changing point in facilitating individualized therapy. 
after aS patients fail their first tnF-alpha inhibitor, physi-
cians are faced with trying a second tnF-alpha inhibitor 
as, so far they represent the only effective biological treat-
ment for aS. It would be interesting to study in the next 
step whether polymorphisms associated with nonresponse 
to the second and/or the third tnF-alpha inhibitor are the 
same genetic markers responsible for nonresponse to the 
first inhibitor. the ability to determine whether a patient is 

genetically a nonresponder to a tnF-alpha inhibitor despite 
good clinical prognostic factors would make these treat-
ment decisions more rational.

In our study of assessing efficacy to the first anti-tnF 
treatment in aS patients using a candidate SnPs approach, 
we developed a genetic model of nonresponse. Replica-
tion of these genetic biomarkers in other independent and 
much larger cohorts would be of major value to confirm 
the robustness of the results, especially because tnF-alpha 
blockers are the only currently available biological therapy 
for treating aS. Validation of our genetic model in pro-
spective studies may lead to the design of a clinico-genetic 
algorithm to initiate biological treatment.
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