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Abstract

In clinical trials, a placebo response refers to improvement in disease symptoms arising from the psychological effect of
receiving a treatment rather than the actual treatment under investigation. Previous research has reported genomic variation
associated with the likelihood of observing a placebo response, but these studies have been limited in scope and have not
been validated. Here, we analyzed whole-genome sequencing data from 784 patients undergoing placebo treatment in Phase
IIT Asthma or Rheumatoid Arthritis trials to assess the impact of previously reported variation on patient outcomes in the
placebo arms and to identify novel variants associated with the placebo response. Contrary to expectations based on previous
reports, we did not observe any statistically significant associations between genomic variants and placebo treatment
outcome. Our findings suggest that the biological origin of the placebo response is complex and likely to be variable between

disease areas.

Introduction

In clinical trials, the placebo response refers to a patient’s
improvement in disease symptoms arising from the psy-
chological effect of receiving a treatment rather than the
actual treatment under investigation [1]. This improvement
can be actual or perceived, and can encompass diverse
causes such as the natural waxing—waning of disease
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symptoms, regression to the mean, response to concurrent
medications, spontaneous remission, or a biologically
mediated true placebo response [2, 3]. Considering that
successful outcomes of placebo-controlled randomized
trials are achieved by demonstrating a greater improvement
in treatment arms than the placebo arms, and the primary
cause of Phase III trial failure is a demonstrated lack of
efficacy, it is clear that a solid understanding of the placebo
response is essential for maximizing the chances of success
of such trials [4, 5]. This is particularly important con-
sidering the current downward trend in clinical trial success
rate, and a corresponding increase in cost per new
drug approved that has, by some estimates, reached $2
billion [6].

One way to improve the chances of clinical trial success
is by improving the trial design. A fundamental assumption
underlying the placebo-controlled trial design is that pla-
cebo treatment serves as an effective and unbiased control,
and thus failure to outperform a placebo arm is indicative of
a lack of drug efficacy. However, extensive research high-
lighting the powerful and biological nature of the placebo
effect calls this assumption into question [2, 7-9]. Neuroi-
maging studies have demonstrated that the placebo response
can, at least in certain cases, be biologically mediated
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Measuring the placebo response can be challenging,
especially when attempting to compare multiple different
diseases. In this study, we chose to primarily focus on
patient-reported wellness outcomes as reported in quality-
of-life (QOL) questionnaires collected at the preliminary
screening and regularly throughout the trial progression.
Using these measurements, we classified patients dichot-
omously as either placebo “responders” (those who showed
an improvement in QOL) and placebo “non-responders”
(those who showed no improvement or a worsening of
QOL). The choice of using change in QOL as the primary
outcome measure was deemed necessary and appropriate
for two major reasons. First, using changes in QOL pro-
vided a uniform method of measuring patient outcomes
between multiple independent trials treating two different
diseases. This enabled us to both conduct meta-analyses
between disease areas and increase our statistical
confidence in the conclusions. Secondly, the placebo
response is more pronounced in subjective symptom
measurements, such as those recorded in QOL ques-
tionnaires than in objective measurements [2, 22], so we
expected to see greater differentiation between placebo
responders and non-responders in these measurements.
However, we also conducted secondary analyses using
physiological clinical endpoints to validate the applicability
of the findings to the trial design. For RA trials, the
physiological clinical endpoint was an improvement
of at least 20% in the American College of Rheumatology
score (ACR20) and for Asthma trials, an above
median change in the Forced Expiratory Volume (FEV)),
a measure of lung volume frequently recorded in Asthma
trials.

Results and discussion

Our primary aim was to investigate the effect of previously
reported placebo-associated genetic variants on patient
outcomes in the placebo arms of Phase III trials for Asthma
and RA. To address this question, we analyzed 784 patients
from nine Phase III trials. Of those, 364 had been diagnosed
with active RA and participated in one of five Phase III
trials investigating Tocilizumab, a humanized monoclonal
antibody targeting the Interleukin 6 receptor (IL6R). The
other 420 patients were diagnosed with moderate to severe
Asthma and participated in one of four trials investigating
Lebrikizumab, a humanized monoclonal antibody targeting
Interleukin 13 (IL13) (Table 1). Because it has been
demonstrated that the placebo response is most evident in
patient-reported assessments of their symptoms (e.g., QOL
questionnaires) rather than in clinician-measured outcomes

such as ACR20 or FEV, [2, 22], we defined placebo
response as a patient-reported improvement of symptoms in
disease-specific QOL questionnaires. Furthermore, using
the QOL questionnaires for phenotype definitions enabled
direct comparisons between trials and between disease
areas.

We initially focused on the changes in symptoms relative
to the baseline at the conclusion of each trial to maximize
the relevancy of our findings to trial design. Using a logistic
regression approach for identifying the genetic associations
while accounting for potentially confounding variables,
followed by random-effect model meta-analysis to combine
our results from the two disease areas, we tested each pre-
viously reported autosomal placebo-associated variant for
significant association with patients who reported an
improvement of symptoms versus no change or worsening
of symptoms (see “Patients and methods” section for dis-
cussion of phenotype assignment). We began our analyses
by testing the 10 previously reported variants in autosomal
genes involved in the four hypothesized placebo-implicated
pathways (Table 2a). We were well powered to detect the
associations in these variants with strong effects (Power =
0.86, assuming an effect size of 1.7, a minor allele fre-
quency of c. 45%, which is comparable to rs4680, and the
commonly accepted placebo response rate of 35% [23-25]).
After Bonferroni correction for multiple hypothesis testing,
none of the previously reported placebo-associated variants,
including the well-characterized SNP rs4680, were sig-
nificantly associated with patient-reported improvements at
the conclusion of each trial in RA, Asthma, or a meta-
analysis. In fact, most variants were well balanced between
responders/non-responders (Supplemental Table 1). In the
five RA trials, all variants shared similar allelic frequencies
between the case/control groups. In Asthma, only two
variants, rs4570625 from THP2 (P =0.009, OR =1.761)
and rs6280 from DRD3 (P =0.015, OR = 0.5933), showed
a moderate, yet still statistically insignificant, difference.
Notably, consistent with previous findings, Asthma
patients homozygous for T/T (Ser/Ser) at rs6280 were
enriched in the placebo responders group (59% vs. 47%),
although this was not observed in RA patients [26]. On the
other hand, Asthma patients homozygous for G/G at
rs4570625 were more common in the non-responders
group, an effect direction that is opposite to the previous
findings [27]. Combined with the fact that neither of
these two variants showed even moderate significance
under a random-effect meta-analysis model or under
association testing for physiological clinical endpoints
(Supplemental Table 2), we conclude that these variants
do not significantly impact the placebo response in these
trials.
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Since we were unable to validate the previously reported
variants, we hypothesized that the placebo effect might be a
short-lived response and symptoms could return to normal
or worsen over the long timeframe of Phase III trials
(44-52 weeks). To test this hypothesis, we re-analyzed each
previously reported variant, but redefined ‘“placebo
response” as a patient-reported improvement in symptoms
during the first 4 weeks of the trial (percent change from
baseline). Again, none of the previously reported variants
showed a significant association with symptom improve-
ment in the placebo arm (Table 2b, Supplemental Table 2).
In Asthma, the two variants showing the lowest P-values in
the later placebo response again showed the lowest P-values
and same effect direction, although they still remained
statistically insignificant. Interestingly, in RA, the OPRM1
variant rs510769 showed a sharp decrease in P-value rela-
tive to the later time point, from 0.96 to 0.08, while main-
taining an effect in the same direction. Taken together, these
results suggest that the previously reported placebo-
response-associated variants may not have a strong effect
on patient outcomes in the placebo arms of immune-related
disease trials.

Because the placebo-associated variants identified in
studies investigating placebo treatments in pain and psy-
chiatric disorders did not appear significantly associated
with placebo-arm outcomes in immune-mediated disease
trials, we sought to identify any novel variants that might
have a strong effect under these disease conditions. We
limited this analysis to patient response at the conclusion of
each trial, as this timepoint is the most relevant to
improving trial outcomes. We limited our analysis to
common autosomal SNPs (MAF > 5%), and after QC and
filtering, we tested 5,630,720 SNPs for RA, and 4,918,428
for Asthma. For each disease, we tested these SNPs for
association with a placebo response while controlling for
the potentially confounding effects of age, sex, population
structure, and baseline disease severity. We observed no
evidence of genomic inflation of the test statistic (inflation
factors 1.047 and 1.024 for RA and Asthma, respectively)
suggesting that the likely confounding factors were well
accounted for. We also performed a random-effect meta-
analysis of these results, where we analyzed the
4,697,728 shared SNPs. Although the study was well
powered to detect common variants with strong effects
(Power = 0.86, assuming an effect size of 1.7, a minor allele
frequency of c. 45%, which is comparable to rs4680, and
the commonly accepted placebo response rate of 35% [23—
25]), we were unable to detect any genome-wide significant
hits (Supplemental Fig. 1). In RA, the most significant hit
was a haplotype block tagged by rs2613713 (P =1.426e
—06, OR =2.363), which lies in an intergenic region on
chromosome 8 (p21.3). However, this block became
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convincingly insignificant under the meta-analysis (Pr =
0.15, ORg =1.656). In Asthma patients, the most sig-
nificant hit was rs6694886, an intronic G>T variant in
CAMTA] (calmodulin binding transcription activator 1) on
chromosome 1 (P =2.529¢e—06, OR =2.448). However,
like with the most significant hit in RA, evidence vanished
under the meta-analysis, dropping to Pr=0.5948 with
ORg = 1.362. Because none of the limited “suggestive”
variants were genome-wide significant (P < 10e—8), and
because they lost statistical evidence under a random-effect
meta-analysis, we are not confident that these are true
placebo-associated variants. Rather, our results suggest that
individual gene variants do not strongly affect the placebo
response. However, it is important to note that due to the
small sample size in this study, we are unable to rule out
minor effects of single variants, or any effect that might
arise from pathway-wide burdens.

In summary, our findings suggest that the biological
origin of the placebo response is complex and likely vari-
able between disease areas, and care must be taken when
generalizing findings regarding the genetic causes of the
placebo effect. Although previous studies have identified
variants that influence the likelihood of response to placebo
treatment for pain-related and psychiatric conditions, these
variants appear to have very little, if any, effect on
the experiences of placebo-arm patients in Phase III
trials for immune-mediated diseases. Furthermore, although
our study was moderately well powered, we were unable
to detect any genome-wide significant variations
between placebo responders and non-responders, support-
ing the conclusion that although genetics may play a role in
the placebo effect, the role of genomic variation is small
and likely overpowered by other, possibly non-genetic
factors. Similar to previous studies, we are limited in
drawing full conclusions by the lack of a no-treatment
control. Unfortunately, however, we see little option for
addressing this shortfall, as such a control group is not
possible for diseases with existing acceptable treatment
options.

Our study highlights the need for further research into the
genetic basis of the placebo effect. It is likely that, like other
complex traits, the placebo response is modulated by mul-
tiple variants with a relatively small effect each. In order to
identify those variants, a larger sample size is likely to
be required. We believe costs associated with obtaining
the sequencing data would be justified, because a solid
understanding of the variation affecting response under
placebo treatment would allow its confounding influence
could be accounted for in trial design, thus potentially
leading to more efficient, less costly trials with higher
success rates.
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Patients and methods

This analysis was performed on 784 non-related European
patients from the placebo arms of nine clinical trials for RA
and Asthma. Patients were 18—82 years old and the male:
female ratio was 257:527 (Table 1). Genomic DNA was
extracted from patients’ blood samples using the DNA
Blood400 kit (Chemagic) and eluted in 50 puL Elution
Buffer (EB, Qiagen). It was then sheared (Covaris LE220)
and sequencing libraries were prepared using the TruSeq
Nano DNA HT kit (Illumina Inc.). The whole-genome
sequencing target coverage was 30x. Libraries were
sequenced as 150-bp paired-end reads on the Illumina
HiSeqX sequencer. Reads were mapped to hg38 using
BWA-MEM [28] and variant calling was performed using
GATK best practices [29]. Variant calling was performed
using GATK HaplotypeCaller to generate sample level
variant calls. The samples were then jointly genotyped
separately for Asthma and RA samples, resulting in one
VCF file for each disease area. To assure that only the most
high-confidence variants are included in the association
analysis, we set genotypes whose genotype quality was less
than 20 to missing. We also removed variants with a
missingness of more than 1%. Because our focus was on
previously reported common variants and because of the
limited size of our sample set, we chose to not include
variants with an allele frequency of less than 5% in sub-
sequent analyses.

The population structure was determined for patient
cohorts from the joint genotyping SNPs from each
disease (analyzed separately) using the GENESIS R pack-
age (version 2.6.1) [30]. GENESIS uses the PC-AiR
method to determine population structure, a Principal-
Components-based analysis that assesses cryptic relatedness
from genome-wide sets of SNPs while accounting for
potentially confounding relatedness [30]. GENESIS was
also used to verify previous relatedness estimations,
ensuring that all individuals included in the analyses were
unrelated.

Each individual was determined to be a responder or a
non-responder at two timepoints. We defined responders as
those patients who reported improvement in disease sever-
ity, as assessed by the percent change from baseline in the
appropriate QOL questionnaire, whereas non-responders
were those patients who reported no change or a worsening
of symptoms. For consistent comparison between disease
areas, no minimum improvement cutoff was enforced.
In other words, responders may display any amount of
positive change in symptoms, even if minor. For RA,
this response was recorded in the Health Assessment
Questionnaire (HAQ), and for Asthma, the Asthma Quality

of Life Questionnaire (AQLQ). A placebo response
greater than zero was observed in all trials, and in most
cases the placebo response exceeded the minimal clinically
important difference (MCID). For example, the AQLQ
changes for the placebo arms of LAVOLTA 1 and 2
were 0.78 and 0.80, respectively, which exceed the MCID
of 0.5'.

Using QOL questionnaires provided two benefits over
other recorded values: first, placebo responses are most
evident in patient-reported symptom assessments [2, 22],
and second it represents the most consistent measurement
of outcome between different trials and disease areas.
In the cases where a value was absent, we used a last
observation carried forward (LOCF) approach to fill in
missing values. This approach was most notably applied
in the Lute and Verse trials, as the early discontinuation of
these trials resulted in those patients enrolled later
missing data at the specified endpoint. Each individual
was assigned two phenotypes based on timeframe of com-
parison to baseline, where an early response refers to
a reported improvement in symptoms in the first month
of the trial (assessed at week 4), and late responders were
those who reported an improvement at the conclusion
of the trial (week 24 for RA trials and week 52 for Asthma
trials).

To identify the variants associated with placebo
response, we used PLINK (1.90b4.4) to perform logistic
regression genetic association analysis contrasting placebo
responders and non-responders [31-33]. Age, sex, baseline
disease severity (baseline clinical measure of interest, e.g.,
AQLQ/HAQ), population structure (first five principal
components from GENESIS), and trial (as dummy variable)
were included as covariates to account for confounding
influences such as imbalance and regression to the mean.
Our approach assumed additive genetic effects, i.e., one
alternate allele has a bigger effect than none, and that two
have a bigger effect than one. In total, three rounds of
association studies were performed; first, only the pre-
viously reported placebo-associated autosomal SNPs were
tested at two time-points (conclusion of the trial and first
month of treatment), and later a genome-wide set of com-
mon (MAF >5%) autosomal SNPs were investigated (only
at the conclusion of the trial). Association for each disease
was performed separately. Following disease-specific
association analysis, a meta-analysis (--meta flag in
PLINK) combining the two diseases areas was performed
using the same version of PLINK to determine those var-
iants with generalized placebo-response-associated pheno-
types [34]. Because placebo response rates varied between
diseases, only the more conservative random-effect model
was interpreted.
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