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Summary
Response to the anti-IL17 monoclonal antibody secukinumab is heterogeneous, and not all participants respond to treatment. Under-

standing whether this heterogeneity is driven by genetic variation is a key aim of pharmacogenetics and could influence precision

medicine approaches in inflammatory diseases. Using changes in disease activity scores across 5,218 genotyped individuals from 19 clin-

ical trials across four indications (psoriatic arthritis, psoriasis, ankylosing spondylitis, and rheumatoid arthritis), we tested whether

genetics predicted response to secukinumab. We did not find any evidence of association between treatment response and common

variants, imputed HLA alleles, polygenic risk scores of disease susceptibility, or cross-disease components of shared genetic risk. This

suggests that anti-IL17 therapy is equally effective regardless of an individual’s genetic background, a finding that has important

implications for future genetic studies of biological therapy response in inflammatory diseases.
Response to biological therapy in inflammatory disease is

typically heterogeneous, and even in highly successful

and widely used treatments (such as tumor necrosis factor

inhibitor [TNFi] therapies), a significant fraction of partic-

ipants fail to respond to treatment.1 A common hypothesis

is that heterogeneity in response reflects genetic differ-

ences between individuals or, relatedly, genetically distinct

disease subtypes with different molecular etiologies.2 If

this hypothesis is true and genetic biomarkers for drug

response can be identified, this could lead to new under-

standing of the biology of drug response or discovery of

biomarkers to stratify subgroups of participants to specific

treatments to increase response rates.3–5

A further hypothesis is that genetic pathways that place

individuals at risk of disease may also influence their

response to therapy, and this may be captured by poly-

genic scores of disease susceptibility.6,7 This is even more

plausible where the pathway being treated is known to

play an important role in disease susceptibility, as for

anti-interleukin-17 (IL17) and anti-IL23 therapies.8,9

When multiple indications are treated by the same drug,

the same risk variants may have differing directions of

effect for related diseases.10 To overcome this pleiotropy

of inflammatory pathways, genetic risk can be modeled

across multiple inflammatory diseases using several
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orthogonal genetic components11 that may correlate

with treatment response.

Multiple genome-wide association studies (GWASs) of

response to biological therapies have been published.12–15

These primarily consist of post-approval studies of drugs in

regular use with most studying TNFi therapies. The most

consistent association known is between HLA-DQA1*05

alleles and development of anti-drug antibodies.14–16 How-

ever, relatively low sample sizes, small number of associa-

tions, and lack of consistent cross-replication of effects

between these studies has made it difficult to draw firm

conclusions of the role of genetics in treatment response.

In addition, these studies included only participants under

active treatment and thus could not discriminate between

prognostic biomarkers (which correlate with outcomes

independently of treatment) and predictive biomarkers

(which correlate with response to a specific treatment).17

In this study, we used data from clinical trial participants,

randomized to secukinumab or placebo, to test for predic-

tive biomarkers.

Secukinumab (brand name Cosentyx) is a widely used

therapy for treating inflammatory diseases by blocking

the pro-inflammatory IL-17 signaling pathway. It has

been approved for use in plaque psoriasis (Pso), ankylosing

spondylitis (AS), psoriatic arthritis (PsA), and other
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inflammatory conditions and has been extensively studied

in clinical trials (including in indications for which it has

not been approved, such as rheumatoid arthritis [RA]). In-

dividual participants’ responses to treatment are heteroge-

neous within indications, with response rates of 81.6% for

Pso,18 62.6% for PsA,19 60.5% for AS,20 and 30.7% for RA.21

Even for the same disease and outcome, there can be sub-

stantial variability in response rates from study to study in

real-world settings,22 and there is some evidence that

response rates can vary between countries, sexes, and dis-

ease subtypes.23,24

There have, to date, been no genome-wide studies of

response to anti-IL17 therapy, though two small studies

in psoriasis have investigated candidate genes, primarily

within the human leukocyte antigen (HLA) locus.23,25,26

The clinically significant but heterogeneous response to a

biologic therapy, measured inmany clinical trials, provides

a unique dataset to test for predictive biomarkers. Here, we

tested whether individual genetic variants (including SNPs

and HLA alleles), polygenic risk scores (PRSs) of susceptibil-

ity, or components of genetic risk are associated with

response to anti-IL17 therapy in a large dataset from mul-

tiple randomized placebo-controlled trials across four

diseases.

We gathered genetic and clinical data from 19 clinical

trials of anti-IL17 therapy with secukinumab (Table S1)

across four indications (PsA, RA, AS, and Pso). We used

continuousmeasures of disease activity as our primary out-

comes: the disease activity score 28 with C-reactive protein

(DAS28-CRP) for PsA and RA,27 the AS disease activity score

with CRP (ASDAS-CRP) for AS,28 and the psoriasis area and

severity index (PASI) score for Pso.29 After quality control,

we had complete clinical and genotype data on 5,218 par-

ticipants, including 4,063 treated with anti-IL17 therapy

and 1,151 placebo controls. Demographic and clinical

characteristics of these participants are shown in Table 1

and are broken down by treatment, randomization status,

and exclusion status in Table S2.

Power calculations showed that these samples sizes pro-

vide enough power to detect common variants or risk

scores that exert a clinically meaningful effect. For the

best-powered indication (PsA, n ¼ 2,006), our primary

analysis had >80% power to detect a common variant

that increases the difference between DAS28-CRP in treat-

ment vs. controls by 0.06 units per allele (Figure S1), equiv-

alent to an 8% modification in the effect of treatment.

For our primary analyses, we carried out a genome-wide

treatment-by-genotype interaction study for each of the

four indications separately. We stratified participants by

their predicted continental ancestry (PC ancestry, defined

based on their distance from nearest continental popula-

tion on a principal component analysis [PCA] of samples

from the 1000 Genomes Project30) and meta-analyzed

the results across ancestry groups (after removing ancestry

groups with low sample size). We included three genetic

principal components as well as known demographics

and other confounders in the regressionmodel (see supple-
1818 The American Journal of Human Genetics 110, 1817–1824, Oct
mental methods for details). We detected evidence of mis-

calibration in test statistics in the quantile-quantile (Q-Q)

plots for two of these analyses (Pso PASI and RA DAS28-

CRP, Figure S2) due to model misspecification driven by

heteroscedasticity, a known problem with gene-treatment

interaction models.31,32 We thus replaced these two ana-

lyses with robust regression analyses33 (see supplemental

methods for details).

Linkage disequilibrium score (LDSC34,35) regression did

not show a significant treatment-by-genome heritability

term, though confidence intervals were large (Table S3).

No variant passed study-wide significance correcting for

four tests (p < 1.25 3 10�8) (Figure 1). We also tested var-

iants previously associated with response to other biologic

therapies and did not find any significant variant-treat-

ment interactions after correcting for multiple testing

(Table S4). One variant, rs11762062, met genome-wide

but not study-wide significance for DAS28-CRP in RA

(p ¼ 2.08 x 10�8, Table S5), but this variant did not repli-

cate in the PsA DAS28-CRP analysis (p ¼ 0.332).

To maximize power, we also carried out a cross-indica-

tion meta-analysis of these results. We meta-analyzed the

primary outcomes using a sample-size weighted Z score

meta-analysis in order to make less strict assumptions

about comparability of the scale of effects across indica-

tions. We did not find any study-wide or genome-wide sig-

nificant associations (Figure 2). The sample sizes in this

case were large enough to make inferences using the

LDSC heritability analysis Table S3), which showed that

the variability in disease activity explained by genotype-

treatment interactions, when averaged across indications,

must be relatively small (upper bound of 28%).

Next, we tested for interactions between drug response

and imputedHLA alleles.Wedidnot find any significant as-

sociations after adjusting for the 489 allele/outcome combi-

nations tested (Figure 3; Table S6) and did not find any

nominally significant associations with any of the major

risk HLA alleles for the four indications, with the HLA-

Cw6 (C*06) allele previously associated with response to

anti-IL17 therapy26 or with theHLA-DQA1*05 alleles previ-

ously associatedwithTNFi immunogenicity14–16 (Table S4).

To test the hypothesis that disease-susceptibility variants

could influence drug response, we also calculated PRSs for

11 inflammatory diseases, including the four indications

and seven other related diseases (celiac disease, Crohn dis-

ease, multiple sclerosis, primary biliary cirrhosis, systemic

lupus erythematosus, type 1 diabetes, and ulcerative coli-

tis; see Table S7 for references). In addition, we calculated

risk scores based on shared orthogonal genetic compo-

nents of immune and inflammatory disease risk following

Burren et al.11 However, none of these risk scores predicted

response to anti-IL17 therapy (Figure 4; Tables S8 and S9).

Our primary analysis used clinical disease activity scores,

which are, in most cases, composites of multiple measures,

includingnumerical ratings of clinician- or patient-assessed

disease state, objectivemeasures of disease symptoms (such

as swollen joint counts), and biomarker measures. We also
ober 5, 2023



Table 1. Clinical and demographic statistics of participants included in this study, broken down by indication; treated cases include any
participants randomized to receive secukinumab, regardless of dosing regimen

AS PsA Pso RA

(n ¼ 754) (n ¼ 2,006) (n ¼ 1,636) (n ¼ 822)

Primary outcome ASDAS-CRP DAS28-CRP PASI DAS28-CRP

Baseline value of primary
outcome (median [min, max])

3.63 [0.528, 6.22] 4.59 [1.37, 8.28] 4.59 [1.37, 8.28] 5.72 [2.58, 8.01]

Delta in primary outcome
(median [min, max])

�0.866 [�4.62, 1.84] �1.05 [�5.25, 2.49] �1.05 [�5.25, 2.49] �1.22 [�5.58, 3.03]

# of studies 4 6 4 5

# of treated cases 506 1,483 1,495 583

# of placebo cases 248 523 141 239

Age (median [min, max]) 42.0 [17.0, 82.0] 50.0 [16.0, 83.0] 45.0 [15.0, 87.0] 55.0 [19.0, 84.0]

Sex

Female 249 (33.0%) 1,029 (51.3%) 507 (31.0%) 661 (80.4%)

BMI category

Underweight 16 (2.1%) 9 (0.4%) 15 (0.9%) 33 (4.0%)

Normal weight 256 (34.0%) 459 (22.9%) 374 (22.9%) 308 (37.5%)

Overweight 213 (28.2%) 681 (33.9%) 576 (35.2%) 239 (29.1%)

Obese 269 (35.7%) 857 (42.7%) 671 (41.0%) 242 (29.4%)

Methotrexate use at recruitment

Yes 87 (11.5%) 876 (43.7%) not used 741 (90.1%)

Previous anti-TNF treatment failure at recruitment

Yes 530 (70.3%) 1,517 (75.6%) not used not used

PC ancestry

AMR 117 (15.5%) 200 (10.0%) 229 (14.0%) 193 (23.5%)

EAS <5 (<0.6%) 17 (0.8%) 77 (4.7%) 110 (13.4%)

EUR 632 (83.8%) 1,741 (86.8%) 1,234 (75.4%) 499 (60.7%)

SAS <5 (<0.6%) 48 (2.4%) 96 (5.9%) 17 (2.1%)

AFR <5 (<0.6%) – – <5 (<0.4%)

Delta is the change in primary outcome between baseline and assessment week (week 12 for Pso, week 16 for all other indications). AS, ankylosing spondylitis; PsA,
psoriatic arthritis; Pso, psoriasis; RA, rheumatoid arthritis; BMI, body mass index; PC ancestry, ancestry assigned by principal component analysis; AMR, admixed
American; EAS, east Asian; EUR, European; SAS, south Asian; AFR, African.
ran 12 further genome-wide treatment-by-genotype inter-

action analyses for a range of secondary outcomes,

including laboratory-based and self-reported measures

(see supplemental methods for a full list and Figures S3–S7

for results; note that one outcome, PsA ACRn (percentage

improvement inAmericanCollege of Rheumatologymulti-

dimensional response score), was replaced with a robust

regression analysis). We did not see any study-wide signifi-

cant associated variants correcting for 16 (4 primary and 12

secondary) analyses (p< 3.123 10�9), and none of the dis-

ease/endpoint pairs showed a Bonferroni-corrected signifi-

cant treatment-by-genome heritability component in the

LDSC analysis (Table S3). We also carried out HLA and PRS

analyses with secondary outcomes, none of which showed

significant associations (Figures S8–S10).Wemeta-analyzed

CRP and erythrocyte sedimentation rate (ESR) across indi-
The American Jo
cations and did not find any study-wide significant associa-

tions (Figures S11 and S12) or appreciable heritability

(Table S3).

The aim of this paper was to test for predictive, not prog-

nostic, effects of genetics on drug response. However, to

maximize power, we also carried out a joint predictive-

prognostic analysis using a joint test36 (i.e., a combined

test for either a main effect of genotype on outcome

regardless of treatment status and an interaction effect

with treatment). This did not produce any study-wide

significant results, and three genome-wide but not study-

wide significant results are presented in Table S10. We

did find that a previously reported SNP (rs7195994) associ-

ation with prognostic response to TNFi at FTO13 replicated

at nominal significance (p < 0.05) in our prognostic main

effect analysis (Table S4).
urnal of Human Genetics 110, 1817–1824, October 5, 2023 1819



Figure 1. Manhattan plots of treatment-by-genotype interaction GWASs for the primary outcome of each of the four indications
tested
p values are from linear regression. The blue line shows genome-wide significance (p ¼ 5 3 10�8) and the red line shows analysis-
wide significance controlling for four indications (p ¼ 1.25 3 10�8). Each plot shows a meta-analysis of all ethnicities with a sample
size of at least 100.
Based on our findings, we can rule out several important

hypotheses about the genetics of response to anti-IL17

therapy. We have shown that common variants do not

have a moderate-to-large effect in response to anti-IL17

therapy, which includes common SNPs and also, more sur-

prisingly, common HLA alleles. We can also exclude a large
Figure 2. Manhattan plots of cross-indication meta-analyses of
treatment-by-genotype interaction GWASs for primary (disease
activity) outcomes
p values are from linear regression. The blue line shows genome-
wide significance (p ¼ 5 3 10�8) and the red line shows analysis-
wide significance controlling for 19 analyses (p ¼ 2.63 3 10�9,
i.e., correcting for all individual GWASs andGWASmeta-analyses).

1820 The American Journal of Human Genetics 110, 1817–1824, Oct
effect on response from the genetic pathways that influ-

ence susceptibility, either measured by PRSs for susceptibil-

ity to individual inflammatory diseases or by scores that

reflect shared genetic pathways across inflammatory dis-

eases. This adds strong evidence to support the claim

that genetic heterogeneity is not a large driver of response

to anti-IL17 therapy and that secukinumab is equally

effective regardless of genetic background.

There are some limitations to our study that mean

certain scenarios cannot be ruled out. Our use of genotyp-

ing arrays rather than genome sequencing meant we were

unable to detect rare variants, so it is possible that lower-

frequency variants of large effect may predict drug

response. In addition, the wide confidence intervals on

our SNP heritability estimates mean that we cannot rule

out a moderate polygenic component consisting of a large

number of variants of very small effect. Given our analysis

of both single-disease and shared PRSs, if a polygenic

component of drug response does exist, we posit that it

would be uncorrelated with the genetics of disease suscep-

tibility. This has been noted in other contexts, including

the observation that genetic predictors of elevated low-

density lipoprotein (LDL) capture the prognostic but not

predictive response to LDL-lowering treatment and has

motivated the development of direct pharmacogenomic

PRS (PGx PRS) techniques.37 Our study was also limited
ober 5, 2023



Figure 3. Regional plots of treatment-by-
genotype interaction analysis for SNPs
and HLA alleles in the HLA region for the
primary outcome of each of the four indica-
tions tested
p values are from linear regression. Gray
dots are SNPs and colored dotted are HLA
alleles. The red dashed line shows analysis-
wide significance for HLA alleles (p ¼
1.02 3 10�4), correcting for 489 tests of
HLA alleles in four indications. Major sus-
ceptibility alleles for each indication are
highlighted. Mb, Megabases.
by the outcomes collected, as past research has found that

both disease activity and biomarker data are only incom-

pletely correlated with imaging-based outcomes.38 It re-

mains possible that genetics may influence components

of disease response not well captured by traditional clin-

ical trial outcomes. Our sample size was also limited for

some indications, so while we had high power for some

analyses (particularly PsA and cross-indication outcomes),

highly disease-specific gene-by-treatment interactions

could have been missed for some indications (AS and

RA, where N < 1000). Finally, some of our indications

showed test-statistic inflation (as discussed in supple-

mental methods), which we attribute to model misspecifi-

cation due to heteroscedasticity and to low sample size

and minor allele frequency in certain smaller PC ancestry

groups. Filtering and changes in model choice largely

removed this inflation; however, it remains possible that

some polygenic signal may also contribute to this infla-

tion signal.

Secukinumab directly targets a pathway that has been

repeatedly implicated in the genetics of inflammatory

diseases,39–43 including risk variants in genes both up-

stream of IL-17 production (IL23R, TYK2, JAK2, STAT3)

and downstream of IL-17 response (TRAF3IP2/ACT1,

TNFAIP3/A20). While genetic variation in this pathway

impacts disease susceptibility, this variation does not

seem to significantly influence response to treatment of
The American Journal of Human Gene
that same pathogenic pathway. This

may also have implications for hy-

potheses about endotypes in inflam-

matory disease, as genetically distinct

participant subgroups with a strong

differential response to treatment

would manifest as genetic predictors

of disease response in our study.

We believe that these results have

important implications for future ge-

netic studies of biological therapy in

inflammatory disease and for the field

of pharmacogenetics. Secukinumab

has a large treatment effect while still

maintaining significant unexplained

variation in response, and this study

was well powered and covered a vari-
ety of indications, outcomes, and ancestry groups. This

suggests that, even in favorable conditions, finding pre-

dictive genetic biomarkers of response can prove difficult.

While we do not yet know how widely this generalizes to

other treatments and pathways, we should consider the

possibility that genetics may not play a major role in

response to other biological therapies as well, or that

much larger sample sizes than can be acquired in even

large clinical trials will be required to map small effect var-

iants. Large cohorts of real-world participants undergoing

routine treatment, such as the IBD BioResource44 or

HIPPOCRATES consortium,45 may provide sample sizes

required for mapping such variants, though these raise ca-

veats around the lower precision of real-world outcomes

and lack of randomized placebo control in real-world

studies. It is likely that leveraging the advantages of

both clinical trial and real-world data will be required to

finally map the genetics of response to biological therapy

while distinguishing predictive and prognostic

biomarkers. We hope that this study will be a starting

point for larger meta-analyses of the genetics of treatment

response for inflammatory and autoimmune diseases.
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Figure 4. Interaction effect size between treatment and single disease or cross-disease polygenic risk scores on primary outcomes for
the four indications
Effect sizes are given per standard deviation of the polygenic score. Error bars are 95% confidence intervals. Red dashed line corresponds
to effect size ¼ 0.
Request.com. Inquiries to access subject-level genetic data can be

made through ClinicalStudyDataRequest.com and require a

Sponsor Data-Sharing Agreement with Novartis Pharma AG. Full

genome-wide summary statistics are available on the EBI GWAS

Catalog (https://www.ebi.ac.uk/gwas/, accession numbers

GCST90274734 to GCST90274752).
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