Clinical and quality of life improvements with
golimumab or infliximab in a real-life ankylosing
spondylitis population: the QUO-VADIS study

F. Van den Bosch!, R.M. Flipo?, J. Braun®#, N. Vastesaeger’, S. Kachroo®, M. Govoni’

!Ghent University Hospital, Belgium and VIB Center for Inflammation Research, Ghent, Belgium;
2University Hospital of Lille, France; *Rheumazentrum Ruhrgebiet, Herne, Germany;
*Ruhr-Universitit Bochum, Bochum, Germany; >MSD Belgium, Brussels, Belgium;
Merck & Co., Inc., Kenilworth, NJ, USA; "MSD Italy, Rome, Italy.

Abstract
Objective
The QUO VADIS study evaluated disease activity and health-related quality-of-life (HRQoL) in ankylosing
spondylitis (AS) patients treated with golimumab (GLM) or infliximab (IFX, originator) during routine clinical care.

Methods
This prospective observational study followed biologics-naive AS patients newly treated with GLM or IFX for 6 months.
Disease activity (BASDAI, BASFI, ASAS, and ASDAS) and HRQoL improvement (=5 points of SF-36 Physical Component
Summary [PCS] score; PCS response) were measured. A Classification and Regression Trees (CART) analysis evaluated
association of baseline parameters with PCS response at 6 months.

Results
963 patients (mean age 43 years, 61% male, 64% HLA-B27 positive) received =1 dose of medication (78% GLM;
22% IFX). Disease activity was reduced; mean (SD) changes from baseline at month 6 of -2.7 (BASDAI) and -2.1 (BASFI)
and 40% and 35% achievement of BASDAI5S0 and ASAS40 response, respectively, were observed. PCS response was
achieved at month 6 in 52% of patients. Using CART analysis, baseline parameters (cut-off values) associated with
HRQoL improvement were ASDAS (=23 .48), C-reactive protein (=8.55 mg/L), age (<35.5 years), and BASFI (=1.15).
This algorithm correctly identified 57.5% (sensitivity) of PCS responders (=5 points) and 61.0% (specificity) of PCS
non-responders (<Spoints) with ROC-AUC=0.61. Serious adverse events (AEs) occurred in 1.8% of patients;
the most common AEs were infections (7.7%).

Conclusion
We demonstrated clinical and HRQoL improvements over 6 months in a large, real-world population of AS patients
newly treated with GLM or IFX; higher ASDAS, elevated CRP, and younger age were associated with improvements
in HRQoL and an overall more robust response.
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Introduction

Ankylosing spondylitis (AS) is a
chronic, painful, debilitating disorder
that leads to structural and functional
impairment of the axial skeleton (1).
The detrimental effects on spinal mo-
bility and physical function can have
a profound impact on health-related
quality-of-life (HRQoL) (1, 2). Impor-
tantly, functional disability in AS is a
major contributor to economic costs
based on direct medical costs and in-
direct costs from missed work days or
permanent work disability (3)

The development anti-tumour necrosis
factor (TNF)-a treatments represented
a major advance in the treatment of
AS. Golimumab (GLM) and infliximab
(IFX) are two anti-TNF treatments that
have demonstrated efficacy for AS. IFX
is a chimeric (human-murine) monoclo-
nal IgG, antibody against TNF-a that
has been available since 1998 and is
administered as a 2-hour intravenous in-
fusion. GLM, a human IgG,x monocol-
onal antibody against TNF-a, has been
available since 2009. GLM has demon-
strated efficacy in patients with AS with
maintenance of efficacy up to 5 years
under continuous treatment and a high
rate of survival-on-drug, particularly
for AS (4-8). The AE profile of GLM is
similar to that of other anti-TNF agents.
GLM has demonstrated greater treat-
ment persistence compared with earlier
anti-TNF agents (9) and, in contrast to
earlier anti-TNF agents, GLM is avail-
able to patients by once-monthly sub-
cutaneous self-administration, which
may improve adherence and treatment
response (10, 11).

While anti-TNF treatments have dem-
onstrated efficacy and safety in clini-
cal trial settings, observing treatment
effects outside of a strict clinical trial
setting is helpful to assess effectiveness
and safety in real-world clinical prac-
tice. We conducted the QUality of Life
as Outcomes and its VAriation with
DIsease States (QUO-VADIS) prospec-
tive observational study to evaluate
the effects of the anti-TNF treatments,
GLM and IFX, on disease activity and
quality of life over a 6-month treatment
period in bionaive AS patients newly
treated with these anti-TNF agents. We
sought to better understand the relation-

ship between baseline (pre-anti-TNF
treatment) disease-specific parameters
and HRQoL improvement during anti-
TNF therapy

Methods

Ethics and study conduct

This was a multinational, prospective
observational cohort study (Sponsor
protocol number MK-2155-194) con-
ducted in multiple centres across Eu-
rope and the Russian Federation. This
study was conducted in accordance with
principles of Good Clinical Practice.
The study was approved by local Inves-
tigational Review Boards/Ethical Re-
view Committees and patients provided
informed consent prior to enrolment in
the study.

Patients

Adult patients (>18 years of age) diag-
nosed with definite AS (as per modified
New York criteria) (12) and naive to
anti-TNFs or other biologic agents (as
indicated by medical records and pa-
tient interviews) were enrolled after the
decision to treat with GLM or IFX ac-
cording to routine clinical practice, but
before initiation of treatment. Patients
were excluded if they had any prior or
current use of an anti-TNF or other bio-
logic agents for any disease.

Study design

At baseline, socio-demographic data
and disease characteristics were col-
lected by investigators for each patient
as per standard routine care. Comorbid-
ities were collected by investigators or
site staff based on a form that included
the following conditions: inflammatory
bowel disease, uveitis, psoriasis, hyper-
tension, stroke, ischaemic heart disease,
asthma, chronic obstructive pulmonary
disease, pulmonary fibrosis, renal dis-
ease, liver disease, peptic ulcer disease,
thyroid disease, depression, cerebro-
vascular accident, demyelinating dis-
ease, epilepsy, diabetes, tuberculosis,
malignancy, mental illness (other than
depression), gastrointestinal disease,
anaemia or other blood disorder, fi-
bromyalgia, or other. Patients received
either IFX or GLM and were followed
prospectively for 6 months with data
collection at the following approxi-
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mate time points: baseline (pre-treat-
ment), three months and six months.
A time window of approximately =+ six
weeks was allowed for the three- and
six-month follow-up visits. C-reactive
protein (CRP) and/or erythrocyte sedi-
mentation rate (ESR) were collected as
part of the normal screening for patients
prior to the initiation of a biologic agent
in clinical practice and no additional
blood specimens were collected as part
of this study. CRP and ESR values were
also collected at three months and six
months if the measurements were avail-
able as part of routine clinical care. Hu-
man leukocyte antigen B27 (HLA-B27)
status (i.e. positive or negative) was
collected at baseline if available.

Clinical outcome assessments

Disease activity and functional data was
collected at baseline, three months and
six months, using the following instru-
ments: Bath AS Disease Activiy Index
(BASDAI) (13), Bath AS Functional-
ity Index (BASFI) (14), Patient Global
Assessment (PGA) of disease activity
(0-10 Numeric Rating Scale (NRS) as-
sessing average global well-being over
previous 7 days), PGA of Pain (Total
back pain; average 0-10 NRS over pre-
vious 7 days). Assessment of Spondy-
loarthritis (ASAS) (15) response was
calculated from BASDAI, BASFI,
PGA, and patient assessment of pain.
AS Disease Activity Score (ASDAS)
was calculated from the above instru-
ments and CRP (16). Clinically impor-
tant and major ASDAS improvements
are defined as a decrease of >=1.1 and
>2.0 units, respectively. ASDAS less
than 1.3 is the threshold for an inactive
disease state. Data on IFX/GLM usage
as well as reasons for discontinuation
of treatment were collected at baseline,
three months and six months.

HRQoL and evaluation of baseline
factors associated with HRQoL
improvement

Atbaseline, three months and six months,
data on patient-reported HRQoL were
collected using Short Form 36 (SF-36),
which is a standardised instrument that
assesses HRQoL and is measured us-
ing a 0-100 point scale (lower values
indicate greater QoL impairment). Two
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summary scores of SF-36 were calculat-
ed: the Physical Component Summary
(PCS) and the Mental Component Sum-
mary (MCS).

Definition of responders and
non-responders

Subjects with an improvement from
baseline in SF-36 PCS score of = five
points at six months from baseline were
considered to be PCS responders; those
with no improvement or < five points
were considered to be PCS non-re-
sponders.

Association of baseline parameters
and HRQoL response

The Classification and Regression
Trees (CART) modelling approach was
used to develop an algorithm to evalu-
ate baseline parameters (demographic,
clinical, AS severity) associated with
change in HRQoL, measured by PCS
response, from baseline to six months
(17). The dependent variable of the
CART analysis was SF-36 PCS, which
was classified into binary categories
of 0 (improvement from baseline of <
five points) and 1 (improvement from
baseline of = five points). The baseline
predictor variables that were entered
into the CART model included the fol-
lowing: 1) Demographic variables: age,
gender; 2) Clinical variables: symptom
duration, HLA-B27 genotyping, en-
thesitis score, CRP; 3) Disease activ-
ity variables: BASDAI score, BASFI
score, ASDAS score, PGA of disease,
PGA of pain; and 4) Other: number of
comorbidities at baseline (<4r or =4).
Details on the CART analysis are avail-
able in the Supplementary Material.

Safety and tolerability

Spontaneously reported adverse events
(AEs) were collected throughout the
study. Investigators evaluated AEs for se-
verity, seriousness, and relation to study
medication. AEs were tabulated and
organised according to System Organ
Class as defined by Medical Dictionary
for Regulatory Activities (MedDRA),
which uses a hierarchical structure of
terms to categorise adverse events.

Statistical analysis
Sample size calculations were not made

as this was an observational study.
However, we used a generally accepted
method to validate the required sam-
ple size for the CART analysis. This
method involves estimating the pro-
portion of patients in the total cohort
who would be considered respond-
ers with a certain level of precision. A
conservative total of 972 patients was
estimated to be needed for this study.
If the estimated proportion of respond-
ers at follow-up were observed to be
65%, with 972 patients, the 95%con-
fidence interval for the point estimate
would be (62%, 68%). If the observed
proportion of responders were 40% to
60%, the chosen sample size would al-
low estimating those proportions with
a slightly higher margin of error. The
target sample size of 950 patients was
chosen as it would allow a precise es-
timation of the proportion of patients
who would have an improvement of 5
points on the PCS. It is also expected
to be a large enough number to permit a
CART analysis using several predictors
with sufficient patients represented in
the various nodes of the tree.

Statistical analyses were conducted
using SAS v. 9.4 and CART (Salford
Systems). For continuous variables, the
number of patients, arithmetic mean,
standard deviation (SD), median, and
minimum and maximum were present-
ed. For categorical variables, the num-
ber of patients and percentage in each
category were presented. The number
and percentage of patients with missing
values in every continuous and categori-
cal variable were summarised. Informa-
tion bias from missing data is minimised
in the CART analysis; missing data in
CART were handled by substituting
them with “surrogate splitters”, which
closely mimic the action of the primary
splitting rules and contain information
that is similar to what would be found
in the primary splitter. The All Treated
analysis set was defined as all patients
enrolled in the study who received at
least one dose of study treatment. This
group includes patients who discontin-
ued the study or switched therapy during
follow-up. Those who switched therapy
were considered to be discontinuers.
We also evaluated a subset of the All
Treated analysis comprised only of pa-
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tients who received GLM. The GLM-
only subset was the largest patient co-
hort and was evaluated separately in
order to verify and check the validity
and applicability of the overall data and
to screen for any deviations or differ-
ences from the overall cohort.

The tests of statistical significance were
two-sided unless otherwise specified;
any test resulting in p<0.05 was consid-
ered statistically significant. Two-sided
95% confidence intervals (CI) were
used to assess the precision of end-
points, where relevant. Summaries and
analyses were based on the All treated
analysis set unless otherwise specified.
Supportive analyses for predictors of
improvement in SF-36 PCS and MCS
at 6 months were done using a logistic
regression model with cross validation
(75% of patients in training set and
25% of patients in the testing set) to
study predictors associated with change
in HRQoL from. All baseline parame-
ters with a p-value <0.20 in a univariate
logistic regression model were consid-
ered in a multivariate logistic regres-
sion model, requiring an entry criterion
of p-value <0.05 and a retention p-value
of <0.10. Variables deemed clinically
important were forced into the final
model regardless of p-values. Meas-
ures indicating model performance
such ROC and Hosmer-Lemeshow test
results were utilised; odds ratios (OR)
and p-values were also generated.

Results

Patients

There were 963 patients who received
>1 dose of medication; 78% (n=751)
received GLM and 22% (n=212) re-
ceived IFX (Fig. 1). Mean age was 42.7
years, 61.4% were male, and 65.3% had
>1 comorbidity. Mean symptom dura-
tion was 11.6 years, mean time since
diagnosis was 5.3 years, and 63.8% of
patients were human leukocyte antigen
(HLA)-B27 positive (Table I). At base-
line, mean (SD) BASDAI, ASDAS-
CRP and BASFI scores were 6.21
(1.87), 3.59 (0.96) and 5.34 (2.44), re-
spectively. High and very-high ASDAS
disease activity was observed in 41.4%
and 49.3% of patients, respectively. In
the GLM-only group, mean (SD) BAS-
DAI, ASDAS-CRP and BASFI scores
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Fig. 1.
Patient disposition Enrolled
fAll-Treated Patients N=976

Analysis Set includes
all patients who re-
ceived at least 1 dose
of study medication

fOther reasons in-
clude reasons linked

Included in All-Treated-
Patients Analysis Set’
N=963

GLM
Treated Patients
Subset
N=751

—_

to ineligibility for ¢

'

study, and inability to
complete treatment or
Visits.

Discontinued
N=123

Discontinued
N=91

v

V

Reasons for

Other*: n=23

discontinuation:

Adverse Events: n=32
Lack of Efficacy: n=44
Lost to Follow-up: n=20
Withdrew Consent: n=4

Reasons for
discontinuation:

Adverse Events: n=19
Lack of Efficacy: n=38
Lost to Follow-up: n=15
Withdrew Consent: n=4
Other*: n=14

were 6.18 (1.83), 3.55 (0.93) and 5.35
(2.43), respectively. High and very-high
ASDAS disease activity was observed
in 433% and 46.9% of patients, re-
spectively. There was a low rate of dis-
continuation with 123 patients (12.8%)
discontinuing for reasons including lack
of efficacy (44/123 [35.8%]) and AEs
(32/123 [26.0%]).

Clinical measures of disease activity

Over 6 months of treatment, treatment
with GLM or IFX was associated with
improvement from baseline in clinical
outcome measurements of BASDALI,
BASFI, Patient Global Assessment of
Pain, and Patient Global Assessment
of Disease Activity, ASAS outcomes,
and ASDAS outcomes in both the All
Treated Patients cohort as well as the
GLM-only cohort (Table II; Fig. 2).

BASDAI 50 response was achieved
by 34.6% of patients at Month 3 and
39.5% of patients at Month 6. ASAS20
response was achieved by 48.5% of
patients at Month 3 and 50.6% of pa-
tients at Month 6 (Fig. 1). ASDAS
major improvement was achieved
by 24.0% of patients at Month 3 and
26.6% of patients at Month 6 (Table
II). The proportion of patients with
high or very high ASDAS disease ac-
tivity decreased from 90.7% at baseline
to 36.4% at six months (Fig. 2). Results
for the GLM-only cohort were similar

and super-imposable to those reported
for the All Treated Patients cohort and
are presented in Table II and Figure 2.

HRQoL measurements

The mean (SD) change in SF-36 PCS at
six months from baseline was 8.2 (8.4),
and the mean change in SF-36 MCS
at six months from baseline was 6.5
(10.6) (Fig. 3A-B). At six months, 504
patients (52.3%) had an improvement
in the SF-36 PCS of = five points (PCS
responders), and 444 patients (46.1%)
had an improvement in the SF-36 MCS
of = five points (MCS responders) (Fig.
3C). The results for the GLM-only co-
hort were similar to the All Treated Pa-
tients cohort (Fig. 3).

Analysis of predictors of response

Using CART analysis, the baseline pa-
rameters, and their cut-off values, as-
sociated with HRQoL improvement
as measured by SF-36 PCS response
at 6 months were ASDAS (>3 48), C-
reactive protein (CRP) (>8.55 mg/L),
age (<35.5 years), and BASFI (>1.15).
Higher ASDAS and higher BASFI
scores indicate higher disease activity
and functional impairment, respectively.
The first decision node was based upon
ASDAS. Split into this node led to
62.2% PCS responders among patients
with ASDAS > 3 .48 (n=495), who were
further split into two groups according
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Characteristic

Overall
(n=963)

GLM Only
(n=751)

Gender (male) [n (%)]
Age (years) [mean (SD)]
Caucasian race [n (%)]

Smoking status [n (%)]

Never smoker

Former smoker

Current smoker
Symptom duration (years) [mean (SD)]
Time since diagnosis (years) [mean (SD)]
HLA-B27 positive [n (%)]

Enthesitis
Berlin Enthesitis Score [mean (SD)]
Berlin Enthesitis Score >0 [n (%)]
Enthesitis at Achilles tendon insertion
(at least 1 at left or right heel) [n (%)]
Patients =1 comorbidity [n (%)]

591 (61.4%)
427 (12.85)
742 (77.1%)

455 (60.6%)
429 (12.87)
562 (74.8%)

506 (52.5%)
158 (16.4%)
297 (30.8%)
11.6 (10.45)
53 (1.71)

614 (63.8%)

394 (52.5%)
119 (15.8%)
236 (31.4%)
11.6 (10.46)
55 (7.98)

484 (64.4%)

1.8 (2.48)
495 (51.4%)
266 (27.6%)

1.8 (2.50)
388 (51.7%)
197 (26.2%)

629 (65.3%) 483 (64.3%)

Hypertension 210 (21.8%) 166 (22.1%)
Depression 86 (8.9%) 69 (9.2%)
Extra-articular manifestations
Uveitis 125 (13.0%) 89 (11.9%)
Psoriasis 94 (9.8%) 75 (10.0%)
Gastrointestinal disease 82 (8.5%) 56 (7.5%)
Inflammatory bowel disease 38 (3.9%) 19 (2.5%)
Mean (SD) baseline disease activity measurements
BASDAI Score 6.2 (1.9) 6.2 (1.8)
BASFI Score 5324 5424
PGA Disease Activity Score 6.6 (2.3) 6.7 (2.2)
PGA Pain Score 6.7 (2.3) 6.7 (2.3)
ASDAS-CRP Score 3.6 (1.0) 3.55(0.9)
CRP (mg/L) 15.3 (23.0) 143 (22.1)
SF-36 PCS Score 34.7 (1.5) 347 (74)
SF-36 MCS Score 39.8 (11.1) 39.8 (10.9)
Table II. Summary of clinical and HRQoL outcomes
All Treated Patients GLM-only
n=963 n=751
3 Months 6 Months 3 Months 6 Months
Mean (SD) BASDAI change from BL ~ -2.4 (2.2) -2.7 (23) 2.3 (2.1) -2.6 (2.3)
BASDAIS50 response 34.6% 39.5% 352% 39.9%
Mean (SD) BASFI change from BL -1.8 (2.1) -2.1 (23) -19 2.1) 22 (22)
ASAS20 response 48.5% 50.6% 50.1% 52.6%
ASAS40 response 29.7% 34.6% 30.5% 35.8%
ASAS partial remission 12.1% 14.3% 12.4% 13.3%
Mean (SD) PGA disease activity -25(28) -2.8 (29) -2.6 (2.8) -29 (2.8)
change from BL
Mean (SD) PGA pain change from BL ~ -2.5 (2.8) -3.0 (2.8) -2.6 (2.7) -3.0 (2.8)
Mean (SD) CRP (mg/L) 5.6 (9.6) 49 (8.2) 5.5 (10.1) 43 (6.3)
ASDAS-CRP 22 (1.0) 2.1 (1.0) 22 (1.1) 2.0 (0.9)
ASDAS major improvement 24.0% 26.6% 23.8% 26.0%
(=2.0 unit decrease)
SF36 PCS responders (improvement - 52.3% - 53.3%
of =5 points from BL)
SF36 MCS responders (improvement - 46.1% -

of =5 points from BL)

to CRP (cut-off of 8.55 mg/L). Termi-
nal nodes produced from this split led
to 67.3% PCS responders among pa-
tients with a higher CRP (>8.55 mg/L)
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and 47.7% PCS responders among pa-
tients with a lower CRP (<8.55 mg/L).
The population with ASDAS <3.48
was further split into two nodes based

upon age (cut-off of 35.5 years). A
higher proportion of PCS responders
were identified in the age group <35.5
years vs. those >35.5 years (55.3%
vs. 34.9%, respectively). The younger
group of patients was further split into
two terminal nodes by the BASFI vari-
able at an optimal cut-off of 1.15. A
higher BASFI score (>1.15) was asso-
ciated with more PCS responders at the
end of study follow-up at six months
compared to a BASFI <1.15. No fur-
ther split was observed among patients
older than 35.5 years (Fig. 4).

Based on the ten-fold cross-validation
test sample, the CART tree correctly
classified 57.5% of PCS responders
(sensitivity) and 61.0% of PCS non-re-
sponders (specificity). The ROC-AUC
for the test sample was 0.61 with a mis-
classification rate of 40.8%.

The multivariate logistic regression
analysis identified baseline ASDAS
Scores of >3.5, Age <60 years), and the
presence of comorbidities as being pre-
dictors of SF-36 PCS response.

Safety and tolerability

AEs occurred in 213 (22.1%) patients
throughout the six months follow-up of
the study. The most common AEs were
infections or infestations, occurring in
7.7% (n=74) of the patients, followed
by general disorders and administra-
tion site conditions, reported in 7.6%
(n=73) of the patients. The most com-
mon individual AE under infections or
infestations was influenza (7 patients
[0.7%]). Among general disorders and
administration site conditions, the most
common AE was asthenia (15 patients
[1.6%]). Serious AEs (SAEs) were re-
ported in 17 patients (1.8%) and includ-
ed the following events: acute myocar-
dial infarction; general physical health
deterioration; pyrexia; drug-induced
liver injury; herpes zoster; lymph node
tuberculosis; fall; ankylosing spondy-
litis; arthralgia; osteoarthritis; spinal
column stenosis; spondylitis; coma;
intracranial venous sinus thrombosis;
pleural fibrosis; pulmonary embolism;
and angioedema.

Discussion

The results of the QUO VADIS study
demonstrated that treatment with GLM
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A. BASDAI50 B. ASAS Outcomes
1004 All Treated _ GLM Treated 00 All Treated GLM Treated
Patients Patients Patients Patients
80 80
& 60+ S 60
2 . 50.6% 52.6%
8 <
B 4] 395% 39.9% f"
20 4
0
BASDAI50 ASAS ASAS ASAS ASAS ASAS ASAS
40  Partial 20 40 Partial
Remission Remission
C. ASDAS Categories
100+ All Treated GLM Treated
Patients Patients
80

Baseline 6 Months  Bascline 6 Months  Baseline 6 Months  Baseline 6 Months  Baseline 6 Months  Baseline 6 Months  Baseline 6 Months  Baseline 6 Months.

Inactive
(<1.3)

Moderate High
(21.3t052.1) (>2.1t0s3.5)

Very High
(>3.5)

Inactive
(<1.3)

Moderate High
(21.310 52.1) (>2.1t0<3.5)

Very High
(>3.5)

Fig. 2. Improvement in clinical outcomes over 6 months of treatment in the All-Treated Patients and
the Golimumab-Treated cohorts. Panel A shows the % of patients who achieved BASDAIS0 after 6
months and Panel B shows the % of patients who achieved ASAS20, ASAS40, or ASAS partial re-
mission after 6 months. Panel C shows the % of patients in ASDAS categories at baseline and after 6

months.

*The Golimumab-Only group is depicted separately as it was the largest subgroup of the All-Treated-
Patients group; these groups are not being compared.

or IFX led to improvement in disease
activity measures in a real-world set-
ting in patients with AS. Specifically,
large improvements were observed
with both medications in BASDAI50,
ASAS20, ASAS40, ASAS partial re-
mission, and in reduction of disease se-
verity according to ASDAS. Results of
SF-36 PCS and MCS also demonstrat-
ed improved quality of. Infections or
infestations were observed as the most
common AEs although SAEs were not
common.

A recent Cochrane review of ran-
domised controlled trials with anti-
TNF agents including GLM (n=429)
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and IFX (n=355) demonstrated a 25%
increased benefit for GLM vs. placebo
and 40% increased benefit for IFX ver-
sus placebo in ASAS40; for BASFI, a
15% and 21% increased benefit were
observed with GLM and IFX, respec-
tively, versus placebo; for ASAS partial
remission, a 13% and 44% increased
benefit were observed with GLM and
IFX, respectively, versus placebo (18).
In the same review of clinical trials,
increased harm with regard to SAEs
was observed with a -0.5% increased
risk (or 0.5% decrease) with GLM and
2.3% increased risk with IFX (18). The
results from our observational study

support this previous research from
randomised controlled trials that have
demonstrated efficacy with anti-TNF
agents in AS (18). Although these data
are observational, and each treatment
was not compared to either placebo or
each other for statistical comparison,
these results provide results in the larg-
est cohort of patients treated with GLM
(n=751) in a clinical setting and add
evidence that positive therapeutic re-
sults in randomised controlled trials are
also observed in real-world settings.
This trial provided an opportunity to
observe the implementation of anti-
TNF treatment with GLM or IFX with
regard to both treatment effects as well
as patient characteristics for anti-TNF
naive patients in the course of rou-
tine clinical care for the treatment of
AS. In this study, it should be noted
that the study population consisted of
a relatively low proportion of HLA
B27 positive patients for a classic AS
population. Of interest, despite recent
advances in referral strategies and dis-
ease management, the delay between
the first onset of symptoms and disease
diagnosis observed in this real-world
clinical care setting was still substan-
tial, suggesting an important area with
a potential for improving outcomes of
patients with AS.

The identification of predictors of re-
sponse with regard to HRQoL is an
important goal for researchers in order
to further improve the ability to indi-
vidualise treatment to patients with
AS. Observational studies better reflect
real-world conditions compared with
randomised controlled clinical trials;
there are few observational trials that
assess HRQoL or physical function in
AS. One observational study identified
factors such as female gender, higher
Bath AS Functional Index (BASFI)
score, and concurrent use of DMARDs
as predictive of greater improvement
in physical functioning after anti-TNF
therapy (19). More data from trials that
replicate real-world settings are needed
to better articulate factors associated
with optimal response with regard to
HRQoL and physical function with
anti-TNF therapy.

In this study, we used the CART analy-
sis to examine factors associated with
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Fig. 3. SF 36 PCS and MCS Summary.
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HRQOoL response as measured by SF-
36 PCS response at 6 months. CART
was developed as a method of decision
tree methodology (20); its application
in public health was to allow research-
ers to segment populations into mean-
ingful subsets and to identify popu-
lation segments that have increased
likelihood to engage or not engage in
a health behaviour to maximise health
resources (21). CART was subsequent-
ly used in clinical research settings to
identify patient characteristics with
increased likelihood for treatment re-
sponse to help maximise treatment in a
variety of conditions (21-25). We used
CART as a binary recursive process to
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classify patients based on improvement
of the SF-36 outcome; this method was
used rather than multivariate logistic
regression to better handle data that are
highly skewed, non-parametric, and
situations in which there are complex
interactions among predictors. In our
study, the following factors were shown
to be associated with HRQoL response:
ASDAS (>3.48), C-Reactive Pro-
tein (CRP) (>8.55 mg/L), age (<35.5
years), and BASFI (>1.15). Higher AS-
DAS and higher BASFI scores indicate
higher disease activity. These factors
have previously been associated with
clinical response and now indicate an
association with HRQoL as well (26,

27). Importantly, the data-driven cut-
off values for these endpoints that were
identified in this study using the CART
analysis are consistent with values
identified clinically (28, 29). A sup-
portive multivariate logistic regression
was performed as well and also identi-
fied higher baseline ASDAS scores and
younger age to be predictors of SF-36
PCS response.

There were several limitations to our
CART analysis. Although developing
an algorithm to identify factors asso-
ciated with HRQoL response was one
of our objectives, our results demon-
strated moderate sensitivity and speci-
ficity as well as moderate ROC-AUC,
all leading to moderate/low predictive
ability and value of the model. Ad-
ditionally, although a higher BASFI
score was identified as a parameter as-
sociated with HRQoL improvement,
the low cut-off value limits its utility in
clinical practice. These results may be
attributed to the SF-36 being a generic
measure of HRQoL, and not specifical-
ly tailored to AS; additionally, the SF-
36 questionnaire is a self-administered,
generic measure of HRQoL and may be
subject to recall error in this population
of AS patients.

An additional limitation was that con-
trolling variability in observational tri-
als with practices across a large num-
ber of sites and countries can be chal-
lenging. There was also a large imbal-
ance in the size of the GLM and IFX
populations, so these treatments were
not compared to one another. Nonethe-
less, this trial provides data on the use
of anti-TNF treatment for AS in a large
cohort of patients and represents the
largest cohort of GLM patients studied.
These data are an important component
to the clinical evidence established
with both randomised and observa-
tional trials.

In summary, this study demonstrated
clinical and HRQoL improvements
over 6 months in a large, real-world
population of patients with AS newly
treated with the anti-TNF treatments
GLM (almost 80% of study popula-
tion) or IFX. Although the overall pre-
dictive ability of the CART-derived
algorithm linking baseline parameters
with HRQoL response was moderate,
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making it difficult to apply in daily
clinical practice for patient selection,
this study demonstrates for the first
time the association of parameters such
as higher ASDAS, elevated CRP, and
younger age with improvements in
HRQoL. These parameters have been
described in literature as associated
with improved clinical outcomes (26,
27). The QUO-VADIS study now con-
firms that parameters such as these are
also associated with a robust HRQoL
response. GLM and IFX were well tol-
erated in this study, with no unexpected
AEs over 6 months of treatment.
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