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Objective: To compare switching and discontinuation patterns of patients stable on origi-
nator infliximab (IFX) who switched to an IFX biosimilar (switchers) or remained on
originator IFX (continuers) in the United States.

Methods: Symphony Health Solutions’ Patient Transactional Datasets (10/2012-03/2019)
were used to identify adults with >2 claims for either rtheumatoid arthritis (RA), psoriatic
arthritis, plaque psoriasis, ankylosing spondylitis, or inflammatory bowel disease (IBD); and
>1 claim for originator or biosimilar IFX. The index date was the first [FX biosimilar claim for
switchers or a random originator IFX claim for continuers. All patients were required to have >5
originator IFX claims during the 12 months pre-index (prevalent population). The subset of
patients with >12 months of observation prior to the first originator IFX claim was also analyzed
(incident population). Switchers were matched 1:3 to continuers. Discontinuation was defined as
having >120 days between 2 consecutive index treatment claims.

Results: Prevalent switchers (N=1109) were 3.57-times more likely than continuers (N=3327)
to switch to another originator biologic (hazard ratio [HR]=3.57, p<0.001). Of 249 prevalent
switchers who switched to another originator biologic, 200 (80.3%) switched back to originator
IFX. Incident switchers (N=571) were 2.55-times more likely than continuers (N=1713) to
switch to another originator biologic (HR=2.55, p<0.001). Of 118 incident switchers who
switched to another originator biologic, 90 (76.3%) switched back to originator IFX. Prevalent
switchers were 1.25-times more likely than continuers to discontinue index therapy (HR=1.25,
p<0.001). Similar results were observed in RA (prevalent population; switching: HR=3.49,
p<0.001; discontinuation: HR=1.23, p=0.009) and IBD (prevalent population; switching:
HR=3.82, p<0.001; discontinuation: HR=1.29, p=0.003) subgroups.

Conclusion: Patients switching from originator to biosimilar [FX were more likely to switch to
another originator biologic (notably back to originator IFX) and discontinue index treatment than
those remaining on originator IFX; however, reasons for switching are unknown.

Keywords: biosimilars, chronic inflammatory disease, treatment discontinuation, infliximab,

treatment switching

Introduction

Chronic inflammatory diseases (CIDs) that share common inflammatory pathways
include conditions such as rheumatoid arthritis (RA), psoriatic arthritis (PsA),
plaque psoriasis (PsO), ankylosing spondylitis (AS), Crohn’s disease (CD), and

ulcerative colitis (UC)." The prevalence of CIDs differs according to each
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condition, with approximately 1.28-1.36 million patients
affected with RA, 910,000 affected with UC, and 785,000
affected with CD in the United States (US).>* These con-
ditions can have serious detrimental effects on quality of
life and health outcomes, in particular, because they are
chronic conditions with associated comorbidities.'*

Despite the significant disease burden, treatment with
biologic agents has markedly improved the outcome of the
management of CIDs.*> Among biologic agents, inflixi-
mab (IFX; REMICADE®™) was initially approved for the
treatment of CD in the US by the Food and Drug
Administration (FDA) in 1998 and is currently indicated
for a variety of other CIDs, including RA, PsA, PsO, AS,
and UC.%’ Biosimilars of IFX, which have no clinically
meaningful differences from the originator biologic,® are
now also available for the treatment of CIDs. The first IFX
biosimilar (IFX-dyyb, CT-P13, Inflectra®) was approved
on April 5, 2016, and became available for use in clinical
practice on November 28, 2016.° Since then, three more
IFX biosimilars have been approved, one of which, IFX-
abda (Renflexis™), has been launched.'® "2

Switching from originator biologics to biosimilars
remains a topic of scientific interest.'’ Switching among
biologics for reasons unrelated to effectiveness and toler-
ability, such as cost, is known as non-medical switching
(NMS). NMS occurs very rarely among different origina-
tor biologics because of poor outcomes.'* In most cases,
NMS occurs between two versions of the same biologic
(originator and biosimilar).'>'® Characterization of NMS
involving an originator and biosimilar presents an oppor-
tunity to better understand emerging treatment patterns
involving the reference biologic and biosimilar. While
randomized controlled trials have shown comparable effi-
cacy, safety, and immunogenicity among patients who
switch to IFX biosimilars versus those remaining on ori-
ginator IFX,'”'® results from real-world studies have
suggested that NMS leads to increased rates of treatment
discontinuation and switching to yet another therapy,
including back to originator IFX.'>16:19-2!

The medication utilization patterns of patients stable on
originator IFX switching to an IFX biosimilar in the US are
not well documented. Specifically, rates of treatment
switching and discontinuation after an initial switch to an
IFX biosimilar have not been studied in clinical practice in
the US. Therefore, the objective of this study was to char-
acterize and compare patterns of switching within a claims
database among originator biologics and treatment discon-
tinuation in patients with CIDs stable on originator IFX

who switched to an IFX biosimilar versus those remaining
on originator IFX. Additionally, subgroups of patients with
RA and inflammatory bowel disease (IBD) were evaluated
to identify any condition-specific differences in treatment
switching and discontinuation patterns.

Patients and Methods

Data Source

Claims data from October 1, 2012 to March 31, 2019
(study period) from the Symphony Health Solutions’
(SHS) Patient Transactional Datasets were used to fulfill
the study objectives. The SHS database is a nationally
representative, longitudinal, de-identified claims database
that captures prescription and medical claims for approxi-
mately 280 million patients from across the US. It links
healthcare data for the US population from three basic
sources: pharmacy point-of-service, switch/network trans-
actions, and additional direct prescription, medical, and
hospital claims data. The SHS database covers all payment
types, including commercial plans, Medicare Part D, cash,
assistance programs, and Medicaid. The SHS database
contains only de-identified patient information and is
fully compliant with the Health Insurance Portability and
Accountability Act (HIPAA); therefore, no ethics review
was necessary. Although all personally identifiable infor-
mation has been removed from the SHS database, the
unique identification number assigned to each patient
enables assessments to be made over the study timeframe.

Study Design

A retrospective cohort study design was used to compare
patients stable on originator IFX switching to an IFX
biosimilar (ie, switchers) and those remaining on origina-
tor IFX (ie, continuers; Figure 1). Stability on originator
IFX was defined as having >5 claims of originator IFX in
the 12 months before the index date, referred to as the
baseline period.

For switchers, the index date was defined as the date of
the first IFX biosimilar claim on or after April 5, 2016
(date of FDA approval of the first IFX biosimilar). For
continuers, a random index date was selected among all
originator IFX claims starting from the 6 claim to the last
one (ie, following stabilization). A patient qualifying for
the continuer arm could, if switched to a biosimilar after
the index date, also qualify for the switch arm. Based on
this design, a single patient could contribute to both
cohorts; ie, once as a continuer (using the time before
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Figure | Study design.

Y
Continuous clinical activity:

22 diagnoses of RA, PsO, PsA, AS, CD, or UC

Abbreviations: AS, ankylosing spondylitis; CD, Crohn’s disease; IFX, infliximab; PsA, psoriatic arthritis; PsO, plaque psoriasis; RA, rheumatoid arthritis; UC, ulcerative

colitis.

the switch to an IFX biosimilar) and once as a switcher
(starting from the moment the patient switched to an IFX
biosimilar), following the methodology described by Lund
et al.”? By allowing patients who eventually switched to an
IFX biosimilar to contribute to the continuer cohort, an
unbiased cohort of continuers that is representative of the
real-world use of originator IFX was obtained.

The observation period spanned from the index date up
to the earliest of the end of clinical activity (defined as
having >1 claim in the database for a given patient and
calendar quarter) or lack of available follow-up data. For
patients included in both cohorts, the observation period
for time spent in the continuers cohort started at the
randomized index date and was censored at the day before
the switch to an IFX biosimilar; the observation period for
time spent in the switchers cohort then started from
the day of the switch to an IFX biosimilar (index date
for switchers).

Patient Selection
To be included in the study, patients were required to have >2
claims with a diagnosis for either RA (International

Classification of Diseases, 9th Revision, Clinical
Modification [ICD-9 CM] code 714.0; International
Classification of Diseases, 10th Revision, Clinical

Modification [ICD-10 CM] codes M05.1- M05.9, or M06),
PsA (ICD-9 CM code 696.0; ICD-10 CM code 1.40.5x), PsO
(ICD-9 CM code 696.1; ICD-10 CM codes L40.0-L40.4,
L40.8, or L40.9), AS (ICD-9 CM code 720.0; ICD-10 CM
code M45.x), CD (ICD-9 CM code 555.x; ICD-10 CM code
K50.x), or UC (ICD-9 CM code 556.x; ICD-10 CM code K51.
x), including >1 claim in the 12-month baseline period, and >1
claim for originator IFX or an IFX biosimilar on or after
April 5, 2016 (Figure 2). Patients were also required to have

>5 originator IFX claims during the 12-month baseline period,
have >12 months of continuous clinical activity before the
index date, and be >18 years of age at the index date.

Patients with a previous transplant procedure at any
time, diagnosis of pregnancy (ICD-9 CM code V22.x;
ICD-10 CM codes Z33.x Z34.xx) at any time, diagnosis
of heart failure (ICD-9-CM code 428.xx; ICD-10-CM
code 150.x) at any time, >1 claim for originator IFX and
an IFX biosimilar on the index date (for switchers only),
or >1 claim for a biologic agent other than originator IFX
between the first claim for originator IFX during the base-
line period and the index date were excluded.

Patients selected based on these criteria were termed
the “prevalent” population. This population maximized
the sample size and all available data at the time by
including both long-term users and shorter-term users
who initiated originator IFX during the study period.
However, since long-term users entered the database
already on treatment with originator IFX, the date of
initiation and exact duration of treatment could not be
determined and appropriately adjusted for. With matura-
tion of the database and accumulation of additional
patient data, an “incident” population could also be
identified by selecting the subset of prevalent patients
with >12 months of continuous clinical activity without
any originator IFX claims prior to the first claim for
originator IFX (ie, patients newly stabilized on origina-
tor IFX, with originator IFX initiation on or after
October 1, 2013). While the known date of initiation
of these patients allowed to appropriately adjust for the
duration of treatment on originator IFX prior to the
date, this additional
a smaller sample size and the inclusion of recent initia-

index criterion resulted in

tors of originator IFX only.
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22 claims with a diagnosis of RA, PsA, PsO, AS, CD, or UC® during continuous clinical activity
N=3,656,192

21 final approved claim for an IFX biosimilar or originator IFX on or after April 5, 2016°
N=86,008 (2.4%)

Cohort of switchers
(21 final approved claim for an IFX biosimi
=1 final approved claim for an IFX biosimilar on or after April 5, 2016 I
N=4512 (5.2%)

on or after April 5, 2016)

Cohort of continuers

l

25 final approved claims for originator IFX during the 12-month period prior to the index date ‘

25 final approved claims for originator IFX during the 12-month period prior to the index date
(no claim for an IFX biosimilar before the index date)

N=1408 (31.2%)

N=49,715 (57.8%)

N=1386 (98.4%)

212 months of clinical activity prior to the index date (baseline period)
N=47,138 (94.8%)

21 claim with a diagnosis of RA, PsA, PsO, AS, CD, or UC® during the baseline period
N=1346 (97.1%)

21 claim with a diagnosis of RA, PsA, PsO, AS, CD, or UC® during the baseline period
N=44,892 (95.2%)

v

I =12 months of clinical activity prior {o the index date (baseline period) |

=18 years of age or older as of the index date
N=1326 (98.5%)

218 years of age or older as of the index date
N=42,574 (94.8%)

Exclusion criteria:

Transplant procedure any time N=75 (5.7%)
Pregnancy any time® N=26 (2.0%)
Biologic agent other than originator or biosimilar IFX between the first claim for

N=6 (0.5%)

originator IFX in the baseline period and index date
Claim for originator IFX on the index date
21 claim with a diagnosis of heart failure any time

N=22 (1.7%)
N=111 (8.4%)

Transplant procedure any time

Pregnancy any time®

Biologic agent other than originator IFX between the first claim for originator IFX in the
baseline period and index date

Claim for originator IFX on the index date

21 claim with a diagnosis of heart failure’ any time

Exclusion criteria:
N=2108 (5.0%)
N=891 (2.1%)
N=190 (0.4%)
Not applicable
N=2132 (5.0%)

Patients eligible (prevalent population)
N=1109 (83.6%)

Patients eligible (prevalent population)
N=37,587 (88.3%)

Patients with 212 months of observation without originator IFX claims prior to first originator IFX claim (incident population)
N=571 (51.5%)

Patients with 212 months of observation without originator IFX claims prior to first originator IFX claim (incident population)
N=19,897 (52.9%)

Figure 2 Patient selection.

Notes: *Diagnosis was identified using the following ICD-9 CM and ICD-10 CM codes: RA (ICD-9 CM code 714.0; ICD-10 CM code: M05.1-M05.9, M06), PsA (ICD-9 CM
code 696.0; ICD-10 CM code: L40.5x), PsO (ICD-9 CM code 696.1; ICD-10 CM code: L40.0-L40.4, L40.8, L40.9), or AS (ICD-9 CM code 720.0; ICD-10 CM code: M45.x),
CD (ICD-9 CM code 555.x; IDC-10 CM code K50.x), UC (ICD-9 CM code 556.x; IDC-10 CM code K51 .x). ®Originator IFX was identified using the GPI code 5250504000
and HCPCS code ]1745. IFX biosimilars were identified using the following codes: infliximab-abda (GPI code 5250504010; HCPCS code Q5102, Q5103), infliximab-dyyb
(GPI code 5250504020; HCPCS code Q5102, Q5104), and infliximab-gbtx (GPI code 5250504060). “Pregnancy was identified using the ICD-9 CM code V22.x and ICD-10
CM codes Z33.x and Z34.xx. “Diagnosis of heart failure was identified using the ICD-9-CM code 428.xx and ICD-10-CM code 150.x.

Abbreviations: AS, ankylosing spondylitis; CD, Crohn’s disease; GPI, Generic Product Identifier; HCPCS, Healthcare Common Procedure Coding System; ICD-9 CM/ICD-
10 CM, international classification of disease, ninth/tenth revision, clinical modification; IFX, infliximab; PsA, psoriatic arthritis; PsO, plaque psoriasis; RA, rheumatoid

arthritis; UC, ulcerative colitis.

Study Outcomes
Switching patterns were measured during the observa-
tion period and included the proportion of patients
switching to another originator biologic agent (including
originator IFX), along with the time to switch. Of note,
switches from one IFX biosimilar to another could not
be detected, so originator biologics were the only alter-
native for switching. In addition, since patients who
switched to an IFX biosimilar in the continuers cohort
were censored the day before they switched (they started
contributing to the switcher cohort on that day),
switches to an IFX biosimilar were not counted. This
only affected a small number of patients, since only 5%
of continuers eventually switched to an IFX biosimilar
in both the prevalent and incident populations. Time to
switch was defined as the time in days between the
index date and the date of the first claim for another
originator biologic agent (including originator IFX).
Discontinuation patterns were measured during the
observation period and included the proportion of patients
discontinuing the index therapy and time to discontinuation.
Discontinuation was defined as switching to another

originator biologic agent (including originator IFX) or hav-
ing a gap of >120 days between 2 consecutive claims of the
index therapy. Time to discontinuation was defined as the
time in days between the index date and the first between
the date of switch or the end of continuous treatment, which
was 120 days following the date of the last infusion before
a gap >120 days in treatment.

Statistical Analysis

Due to the non-experimental nature of this study, patients in
the switchers and continuers cohorts may have had different
observable baseline characteristics. As such, 1:3 propensity
score matching (PSM) and exact matching based on having
an RA or IBD (ie, UC or CD) diagnosis during the baseline
period was used to minimize confounding. The presence of
PsA, PsO, and AS were not used as exact matching covari-
ates given that the sample size for each disease was too
small. Propensity scores were estimated using
a multivariable logistic regression based on the following
baseline covariates: age; gender; year and quarter of index
date; US region; type of insurance plan; presence of PsA,

PsO, AS, CD, or UC; Quan-Charlson Comorbidity Index
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(Quan-CCI) score (a measure of comorbidity burden used
to predict a patient’s ten-year mortality risk based on a range
of conditions);*®> pharmacy and medical costs per month;
number of outpatient visits per month; place of service for
index IFX claim; duration of prior treatment with originator
IFX; and specialty of physician prescribing IFX at the index
date.

Baseline characteristics and outcomes were described
using means, standard deviations (SDs), and medians for
continuous variables and frequencies and proportions for
categorical variables. Differences in baseline character-
istics were assessed using standardized differences,
where a standardized difference <10% indicated balance
between cohorts. Kaplan—Meier (KM) survival curves
were used to compare time to switch to another origina-
tor biologic agent (including originator IFX) and time to
discontinuation of index therapy between switchers and
continuers. Log-rank tests and 95% confidence intervals
(ClIs) were used to compare KM curves at 3-month inter-
vals, up to 18 months. Hazard ratios (HRs), along with
95% ClIs and p-values, were generated using a Cox pro-
portional hazards model. All analyses were performed
with SAS Enterprise Guide 7.1 (SAS
Cary, NC).

Institute,

Subgroup Analyses

Within the switchers and continuers cohorts, two sub-
groups were identified based on having >1 claim with
a diagnosis for RA (RA subgroup) or >1 claim with
a diagnosis for IBD (ie, UC and CD; IBD subgroup)
during the baseline period. All analyses were replicated
for the RA and IBD subgroups as described above.

Results
Baseline Demographic and Clinical

Characteristics

Prevalent Population

After matching, 1109 switchers and 3327 continuers
from the prevalent population were included in the
study (Table 1). Among both switchers and continuers,
41.8% had RA and 47.2% had IBD. Mean age was 57.3
(SD=16.3) years for switchers and 56.9 (SD=16.3) years
for continuers (standardized difference=2.1%). Among
switchers and continuers, 65.3% and 66.1% were female,
(standardized difference=1.6%).
Quan-CCI score was 1.09 (SD=1.30) among switchers

respectively Mean

and 1.09 (SD=1.29) among continuers (standardized

difference=0.2%). Prior to the index date, patients were
treated with originator IFX for an average of >1073
(SD=619) days for switchers and >1035 (SD=671) days
for continuers (standardized difference=6.0%); however,
the exact duration of treatment could have been longer,
but could not be determined for the prevalent population
given that some patients entered the data already on
originator IFX treatment. Other baseline characteristics
were also well balanced between cohorts (standardized
differences <10%).

Incident Population

After matching, 571 switchers and 1713 continuers from
the incident population were included in the study
(Table 1). Among both switchers and continuers,
38.5% had RA and 47.5% had IBD. Mean age was
56.5 (SD=15.7) 55.9
(SD=15.4) years for continuers (standardized differ-

years for switchers and
ence=4.2%). Among switchers and continuers, 66.5%
and 67.8% were female, respectively (standardized dif-
ference=2.7%). Mean Quan-CCI score was 1.10
(SD=1.36) among 1.06 (SD=1.27)

among continuers (standardized difference=2.8%). Prior

switchers and
to the index date, patients were treated with originator
IFX for an average of 762 (SD=443) days for switchers
and 746 (SD=480) days for continuers (standardized
difference=3.6%). Other baseline characteristics were
also well balanced between cohorts (standardized differ-
ences <10%), except for use of non-steroidal anti-
inflammatory drugs (NSAIDs), which was slightly
more frequent among continuers (33.5%) than switchers
(28.5%; standardized difference=10.6%).

Switching Patterns

Prevalent Population

Over a mean post-index observation period length of
337 (SD=235) and 314 (SD=230) days for switchers
and continuers in the prevalent population, respectively,
249 (22.5%) switchers and 227 (6.8%) continuers
switched to another originator biologic (including origi-
nator IFX) (HR [95% CI]=3.57 [2.99, 4.27]; p<0.001).
Of note, since switches from one IFX biosimilar to
another could not be detected, all other alternative treat-
ments for switching were originator biologics. Among
patients who switched to another originator biologic, the
mean time to switch was 151 (SD=126) days for switch-
ers and 183 (SD=145) days for continuers. The KM
rates representing the proportion of switchers and
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Table | Baseline Demographic and Clinical Characteristics

Matched Sample

Prevalent Population

Incident Population

Switchers Continuers Standardized Switchers Continuers Standardized
Difference Difference
N=1109 N=3327 N=571 N=1713
Age in years, mean £ SD [median] | 57.3 + 16.3 [60.0] 56.9 = 16.3 [60.0] 2.1% 56.5 + 157 [57.0] | 55.9 + 15.4 [57.0] | 4.2%
Female, n (%) 724 (65.3%) 2198 (66.1%) 1.6% 380 (66.5%) 1162 (67.8%) 2.7%
Year of index date, n (%)
2016 8 (0.7%) 24 (0.7%) 0.0% 4 (0.7%) 12 (0.7%) 0.0%
2017 408 (36.8%) 1249 (37.5%) 1.6% 169 (29.6%) 563 (32.9%) 7.1%
2018 456 (41.1%) 1410 (42.4%) 2.6% 274 (48.0%) 810 (47.3%) 1.4%
2019 237 (21.4%) 644 (19.4%) 5.0% 124 (21.7%) 328 (19.1%) 6.4%
US region, n (%)
South 309 (27.9%) 979 (29.4%) 3.5% 142 (24.9%) 428 (25.0%) 0.3%
Midwest 446 (40.2%) 1269 (38.1%) 4.3% 245 (42.9%) 713 (41.6%) 2.6%
Northeast 101 (9.1%) 324 (9.7%) 22% 51 (8.9%) 157 (9.2%) 0.8%
West 244 (22.0%) 743 (22.3%) 0.8% 132 (23.1%) 414 (24.2%) 2.5%
Unknown 9 (0.8%) 12 (0.4%) 5.9% 1 (0.2%) 1 (0.1%) 3.4%
Type of insurance plan, n (%)
Commercial 474 (42.7%) 1422 (42.7%) 0.0% 246 (43.1%) 722 (42.1%) 1.9%
Medicare 453 (40.8%) 1385 (41.6%) 1.6% 220 (38.5%) 673 (39.3%) 1.6%
Medicaid 149 (13.4%) 424 (12.7%) 2.1% 92 (16.1%) 272 (15.9%) 0.6%
Other 33 (3.0%) 96 (2.9%) 0.5% 13 (2.3%) 46 (2.7%) 2.6%
Specialty of physician prescribing
IFX at index date, n (%)
Rheumatology 488 (44.0%) 1494 (44.9%) 1.8% 243 (42.6%) 750 (43.8%) 2.5%
Gastroenterology 301 (27.1%) 906 (27.2%) 0.2% 158 (27.7%) 474 (27.7%) 0.0%
Infectious diseases 12 (1.1%) 55 (1.7%) 4.9% 10 (1.8%) 38 (2.2%) 3.3%
Hematology/oncology 55 (5.0%) 122 (3.7%) 6.4% 32 (5.6%) 67 (3.9%) 8.0%
Oncology medical 20 (1.8%) 26 (0.8%) 9.1% 10 (1.8%) 13 (0.8%) 8.9%
Other/unknown 233 (21.0%) 724 (21.8%) 1.8% 118 (20.7%) 371 (21.7%) 2.4%
Prior history of CID, n (%)
RA 464 (41.8%) 1392 (41.8%) 0.0% 220 (38.5%) 660 (38.5%) 0.0%
PsA I51 (13.6%) 446 (13.4%) 0.6% 86 (15.1%) 272 (15.9%) 2.3%
PsO 87 (7.8%) 262 (7.9%) 0.1% 49 (8.6%) 156 (9.1%) 1.9%
AS 77 (6.9%) 226 (6.8%) 0.6% 47 (8.2%) 149 (8.7%) 1.7%
IBD 523 (47.2%) 1569 (47.2%) 0.0% 271 (47.5%) 813 (47.5%) 0.0%
CD 382 (34.4%) 1141 (34.3%) 0.3% 200 (35.0%) 596 (34.8%) 0.5%
uc 202 (18.2%) 587 (17.6%) 1.5% 107 (18.7%) 311 (18.2%) 1.5%
Quan-CCl, mean t SD [median] 1.09 + 1.30 [1.00] 1.09 £ 1.29 [1.00] 0.2% 1.10 £ 1.36 [1.00] | 1.06 £ 1.27 [1.00] | 2.8%
Baseline drug use, n (%)
Antidepressants 429 (38.7%) 1283 (38.6%) 0.3% 242 (42.4%) 747 (43.6%) 2.5%
NSAIDs 310 (28.0%) 947 (28.5%) 1.1% 163 (28.5%) 573 (33.5%) 10.6%
Corticosteroids 676 (61.0%) 1998 (60.1%) 1.8% 379 (66.4%) 1108 (64.7%) 3.6%
Biologics 1109 (100.0%) 3327 (100.0%) 0.0% 571 (100.0%) 1713 (100.0%) 0.0%
PDE4 inhibitors 3(0.3%) 12 (0.4%) 1.6% 2 (0.4%) 9 (0.5%) 2.7%
Opioids 573 (51.7%) 1702 (51.2%) 1.0% 311 (54.5%) 961 (56.1%) 3.3%
Non-narcotic analgesics 51 (4.6%) 177 (5.3%) 3.3% 28 (4.9%) 85 (5.0%) 0.3%
DMARDs 641 (57.8%) 1962 (59.0%) 2.4% 343 (60.1%) 1082 (63.2%) 6.4%
(Continued)
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Table | (Continued).

Matched Sample
Prevalent Population Incident Population
Switchers Continuers Standardized Switchers Continuers Standardized
Difference Difference
N=1109 N=3327 N=571 N=1713
Duration of treatment with 21073 £ 619 [991] | 21035 £ 671 [893] | 6.0% 762 + 443 [628] 746 + 480 [607] 3.6%
originator IFX prior to index date
days mean * SD [median]
Place of service for index claim
Medical
Outpatient 1006 (90.7%) 3006 (90.4%) 1.2% 516 (90.4%) 1539 (89.8%) 1.8%
Inpatient 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -
Emergency room 2 (0.2%) 9 (0.3%) 1.9% 1 (0.2%) 4 (0.2%) 1.3%
Other services 61 (5.5%) 197 (5.9%) 1.8% 37 (6.5%) 127 (7.4%) 3.7%
Pharmacy 30 (2.7%) 84 (2.5%) 1.1% I (1.9%) 29 (1.7%) 1.8%
Medical and pharmacy 10 (0.9%) 31 (0.9%) 0.3% 6 (1.1%) 14 (0.8%) 2.4%

Abbreviations: AS ankylosing spondylitis; CD Crohn’s disease; CID chronic inflammatory disease; DMARD disease modifying anti-rheumatic drug; IBD inflammatory bowel
disease; IFX infliximab; NSAID non-steroidal anti-inflammatory drug; PDE4 phosphodiesterase-4; PsA psoriatic arthritis; PsO plaque psoriasis; Quan-CCl Quan-Charlson
comorbidity index; RA, rheumatoid arthritis; SD, standard deviation; UC, ulcerative colitis; US, United States.

continuers who did not switch to another originator
biologic were 88.7% and 97.5% at 3 months post-
index, 81.9% and 94.6% at 6 months, 70.8% and
91.0% at 12 months, and 67.2% and 89.1% at 18
months, respectively (all log-rank p<0.001; Figure 3A).
As of the last follow-up available in the data, of the 249
switchers who switched to another originator biologic
over the entire duration of the observation period (mean
duration=337 days), 200 (80.3%) switched back to ori-
ginator IFX, over a mean time to switch of 140 days
(SD=124), and 49 (19.7%) switched to another origina-
tor biologic (Figure 4A). Among the 200 patients who
switched back to originator IFX, 89 (44.5%) eventually
discontinued originator IFX within a mean of 173 days
(SD=135).

Incident Population

Similar results were found in the incident population. Over
a mean post-index observation period length of 314
(SD=222) and 309 (SD=227) days for switchers and con-
tinuers, respectively, 118 (20.7%) switchers and 152 (8.9%)
continuers switched to another originator biologic (includ-
ing originator IFX) (HR [95% CI]=2.55 [1.99, 3.27];
p<0.001). Among patients who switched to another origi-
nator biologic, the mean time to switch was 142 (SD=120)
days for switchers and 182 (SD=147) days for continuers.
The KM rates representing the proportion of switchers and
continuers who did not switch to another originator biologic

were 88.3% and 96.3% at 3 months post-index, 82.7% and
93.5% at 6 months, 73.2% and 88.4% at 12 months, and
67.5% and 84.9% at 18 months, respectively (all log-rank
p<0.001; Figure 3B). As of the last follow-up available in
the data, of the 118 switchers who switched to another
originator biologic over the entire duration of the observa-
tion period (mean duration=314 days), 90 (76.3%) switched
back to originator IFX, over a mean time to switch of 130
days (SD=113), and 28 (23.7%) switched to another origi-
nator biologic (Figure 4B). Among the 90 patients who
switched back to originator IFX, 34 (37.8%) eventually
discontinued originator IFX within a mean of 170 days
(SD=129).

Discontinuation Patterns

Prevalent Population

As of the last follow-up available in the data, 457 (41.2%)
switchers and 1119 (33.6%) continuers in the prevalent
population discontinued their index therapy (HR [95%
CI]=1.25 [1.12, 1.39]; p<0.001). Among patients who dis-
continued their index therapy, the mean time to disconti-
nuation was 211 (SD=162) days for switchers and 220
(SD=134) days for continuers.

Incident Population

In the incident population, discontinuation rates were more
similar, with 218 (38.2%) switchers and 617 (36.0%) con-
tinuers discontinuing their index therapy (HR [95% CI]
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=1.04 [0.89, 1.22]; p=0.580) as of the last follow-up avail-
able in the data. Among patients who discontinued their
index therapy, the mean time to discontinuation was 199
(SD=154) days for switchers and 207 (SD=130) days for
continuers.

Subgroup Analyses

Identical analyses within subgroups of patients with RA
and IBD yielded similar results as in the main analysis
(Figure 5 and Table 2).

Switching Patterns

Among patients with RA in the prevalent population,
464 switchers were matched to 1392 continuers. Over
a mean post-index observation period length of 374
(SD=237) and 325 (SD=227) days for switchers and
continuers, respectively, 111 (23.9%) switchers and 98
(7.0%) continuers switched to another originator biologic
(including originator IFX) (HR [95% CI]=3.49 [2.67,
4.57]; p<0.001) as of the last follow-up available in the
data. Of the 111 switchers who switched to another
originator biologic, 82 (73.9%) switched back to origi-
nator IFX. Similarly, in the incident population, 220
switchers were matched to 660 continuers. Over
a mean post-index observation period length of 338
(SD=219) and 314 (SD=225) days for switchers and
continuers, respectively, 46 (20.9%) switchers and 66
(10.0%) continuers switched to another originator biolo-
gic (including originator IFX) (HR [95% CI]=2.16 [1.45,
3.22]; p<0.001). Of the 46 switchers who switched to
another originator biologic, 30 (65.2%) switched back to
originator IFX.

Among patients with IBD in the prevalent population,
523 switchers were matched to 1569 continuers. Over
a mean post-index observation period length of 306
(SD=233) and 303 (SD=233) days for switchers and
continuers, respectively, 106 (20.3%) switchers and 95
(6.1%) continuers switched to another originator biologic
(including originator IFX) (HR [95% CI]=3.82 [2.91,
5.02]; p<0.001) as of the last follow-up available in the
data. Of the 106 switchers who switched to another
originator biologic, 93 (87.7%) switched back to origina-
tor IFX. Similarly in the incident population, 271 switch-
ers were matched to 813 continuers. Over a mean post-
index observation period length of 296 (SD=227) and
304 (SD=231) days for switchers and continuers, respec-
tively, 57 (21.0%) switchers and 58 (7.1%) continuers
switched to another originator biologic (including

originator IFX) (HR [95% CI]=3.42 [2.36, 4.94];
p<0.001). Of the 57 switchers who switched to another
originator biologic, 48 (84.2%) switched back to origina-
tor IFX.

Discontinuation Patterns
Among patients with RA in the prevalent population, 218
(47.0%) switchers and 488 (35.1%) continuers discontin-
ued their index therapy during the observation period (HR
[95% CI]=1.23 [1.05, 1.44]; p=0.009). In the incident
population, 99 (45.0%) switchers and 253 (38.3%) con-
tinuers discontinued their index therapy during the obser-
vation period (HR [95% CI]=1.05 [0.83, 1.32]; p=0.694).
Among patients with IBD in the prevalent population,
190 (36.3%) switchers and 497 (31.7%) continuers discon-
tinued their index therapy during the observation period
(HR [95% CI]=1.29 [1.09, 1.53]; p=0.003). In the incident
population, 93 (34.3%) switchers and 263 (32.3%) con-
tinuers discontinued their index therapy during the obser-
vation period (HR [95% CI]=1.16 [0.91, 1.47]; p=0.230).

Discussion

In these US retrospective cohort studies with a mean
observation period of almost one year, both prevalent
and incident patients with CIDs switching from originator
to biosimilar IFX were 2-to-3-times more likely to switch
to another originator biologic (including originator IFX)
compared to those remaining on originator IFX. Among
those who switched to an IFX biosimilar and then to
another originator biologic, more than 75% returned to
originator IFX, on average within 5 months. This is note-
worthy because it has been reported in the literature that
patients may request a return to originator IFX, suggesting
that this may not be a non-medical decision,'¢-2%-2!-242>
Additionally, prevalent patients switching from originator
to biosimilar IFX were 1.25-times more likely to discon-
tinue their index therapy compared to those remaining on
originator IFX. Similar switching and discontinuation pat-
terns were observed among the subgroups of patients with
RA and IBD.

There is limited evidence in the literature regarding real-
world switching and discontinuation patterns following
a switch from originator to biosimilar IFX in the US. One
recent matched-cohort study of a US integrated healthcare
system found that a higher proportion of patients with IBD
who switched from originator IFX to IFX biosimilar
switched therapy again to another biologic compared to
patients who remained on originator IFX (15.7% versus
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Number of months from index date to switch to another originator biologic agent
0 months 3 months 6 months 9 months 12 months 18 months
Number of patients at
risk, n (%)
Switchers 1,109 (100.0%) 743 (67.0%) 576 (51.9%) 428 (38.6%) 307 (27.7%) 179 (16.1%)
Continuers 3,327 (100.0%) 2,419 (72.7%) 1,953 (58.7%) 1,495 (44.9%) 1,107 (33.3%) 639 (19.2%)
KM rates (95% Cl)
Switchers 100.0% 88.7% (86.5,90.5) 81.9% (79.2, 84.2) 76.6% (73.5,79.4) 70.8% (67.3,74.0) 67.2% (63.3,70.7)
Continuers 100.0% 97.5% (96.9, 98.0) 94.6% (93.7,95.4) 92.7% (91.6,93.7) 91.0% (89.7,92.2) 89.1% (87.5, 90.5)
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Number of months from index date to switch to another originator biologic agent

0 months 3 months 6 months 9 months 12 months 18 months

Number of patients at
risk, n (%)

Switchers 571 (100.0%) 382 (66.9%) 299 (52.4%) 215 (37.7%) 143 (25.0%) 69 (12.1%)

Continuers 1,713 (100.0%) 1,244 (72.6%) 991 (57.9%) 736 (43.0%) 536 (31.3%) 292 (17.0%)
KM rates (95% Cl)

Switchers 100.0% 88.3% (85.2,90.8) 82.7% (78.9, 85.8) 78.4% (74.1,82.0) 73.2% (68.2, 77.4) 67.5% (61.4, 72.8)

Continuers 100.0% 96.3% (95.2,97.1) 93.5% (92.0,94.7) 91.0% (89.3,92.5) 88.4% (86.3,90.2) 84.9% (82.1,87.2)
oy e of log-rank - <0.001 * <0.001* <0.001* <0.001 * <0.001*

Figure 3 KM curves of (A) time to switch to another originator biologic among the prevalent population and (B) time to switch to another originator biologic among the

incident population.
Note: *p<0.05.

Abbreviations: Cl, confidence interval; HR, hazard ratio; KM, Kaplan—Meier.
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A

Switched to another
originator biologic
agent, N=249, 22.5%

Did not switch to
another originator
biologic agent,
N=860, 77.5%

Did not switch to
another originator
biologic agent,
N=453, 79.3%

Switched to another
originator biologic
agent, N=118, 20.7%

witched to an
originator
biologic other
than originator
IFX, N=49,
19.7%

Switched back
to originator IFX,
N=200, 80.3%

Switched to an
originator
biologic other
than originator

IFX, N=28,
23.7%

Switched back
to originator
IFX, N=90,
76.3%

Figure 4 Proportion of patients switching to another originator biologic agent among switchers in the (A) prevalent population (N=1109; mean observation period of 337

days) and (B) incident population (N=571; mean observation period of 314 days).
Abbreviations: IFX, infliximab.

11.6%, p<0.01),® corroborating the current findings.
A number of non-US real-world studies have also evaluated
switching patterns with IFX and other originator biologics

ab,!>16:1921.2731 with results

like etanercept and adalimum:
that are consistent with the current analyses. Of note, in the
few studies that compared patients switching from originator
IFX to IFX biosimilar and patients remaining on originator

IFX, the latter patients were more likely to continue with

their respective treatment.'>'*?”?? For instance, in a French
study of patients with RA, AS, or PsA conducted by
Scherlinger et al, the drug retention rate was significantly
lower in patients who switched to IFX biosimilar (72%)
compared to a historic cohort of patients who were treated
with originator IFX (88%; p<0.001).'® In addition, numerous
studies have also shown that among patients who discontinue
an IFX biosimilar, 79% to 92% return to originator
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Lower risk among switchers

Higher risk among switchers

Switchers who
switched/discontinued, n (%)

Continuers who
switched/discontinued, n (%)

HR (95% Cl); p-value

Overall
Switching (prevalent) —— 249 (22.5%) 227 (6.8%) 3.57 (2.99, 4.27); <0.001*
Switching (incident) —e—i 118 (20.7%) 152 (8.9%) 2.55 (1.99, 3.27); <0.001*
Discontinuation (prevalent) o 457 (41.2%) 1,119 (33.6%) 1.25 (1.12, 1.39); <0.001*
Discontinuation (incident) - 218 (38.2%) 617 (36.0%) 1.04 (0.89, 1.22); 0.580
RA subgroup
Switching (prevalent) e 111 (23.9%) 98 (7.0%) 3.49 (2.67, 4.57); <0.001*
Switching (incident) ——————— 46 (20.9%) 66 (10.0%) 2.16 (1.45, 3.22); <0.001*
Discontinuation (prevalent) —o—i 218 (47.0%) 488 (35.1%) 1.23 (1.05, 1.44); 0.009*
Discontinuation (incident) e 99 (45.0%) 253 (38.3%) 1.05 (0.83, 1.32); 0.694
IBD subgroup
Switching (prevalent) —_—— 106 (20.3%) 95 (6.1%) 3.82 (2.91, 5.02); <0.001*
Switching (incident) _H 57 (21.0%) 58 (7.1%) 3.42 (2.36, 4.94); <0.001*
Discontinuation (prevalent) o 190 (36.3%) 497 (31.7%) 1.29 (1.09, 1.53); 0.003*
Discontinuation (incident) He—i 93 (34.3%) 263 (32.3%) 1.16 (0.91, 1.47); 0.230
O,IOO 1.00 2.I00 ?_'%0 4.b0 5.‘00 6.'00

Figure 5 Switching and discontinuation rates for prevalent (switchers, N=1109; continuers, N=3327) and incident (switchers, N=571; continuers, N=1713) patients in the
overall population, prevalent (switchers, N=464; continuers, N=1392) and incident (switchers, N=220; continuers, N=660) patients in the RA subgroup, as well as prevalent
(switchers, N=523; continuers, N=1569) and incident (switchers, N=271; continuers, N=813) patients in the IBD subgroup.

Note: *p<0.05.

Abbreviations: Cl, confidence interval; HR, hazard ratio; IBD, inflammatory bowel disease; RA, rheumatoid arthritis.

IFX,'%1921:29 which is in line with the findings of the current
study, where 76.3% to 80.3% switch back to originator IFX
after initially switching to an IFX biosimilar. Interestingly, in
three studies that evaluated outcomes after the switch back to
originator IFX, 71% to 100% of patients who reinitiated
originator IFX after discontinuing IFX biosimilar due to
disease relapse, lack of treatment efficacy, or adverse events
subsequently achieved partial or full clinical improvement
after the switch back.'®?%*? The small proportion of patients
not regaining a clinical response suggests that switching
itself may also be an issue. Furthermore, the lower drug
costs of IFX biosimilars may be offset by additional costs
related to implementation of new treatments and dose adjust-
ments when switching.*® Indeed, higher healthcare resource
utilization and costs have been reported in studies of real-
world switches from originator biologics to biosimilars.?’~*

In contrast to the previously mentioned studies
showing negative effects associated with switching,
other, non-US studies have demonstrated well-tolerated
switching to IFX biosimilars and limited effects on
long-term clinical outcomes.*> >’ Given the diverse evi-
dence regarding biologic treatment switching in the lit-
erature, further research is warranted to examine the
reasons for treatment switching and discontinuations
using real-world data.

A notable strength of this study is the evaluation of both
prevalent (ie, patients stable on originator IFX for an
extended period of time, with mean duration of pre-index

originator IFX treatment of at least 1035-1073 days) and
incident patients (ie, patients newly stabilized on originator
IFX, with mean duration of pre-index originator IFX treat-
ment of 746-762 days). While results were similar between
the two patient populations, the differences in switching and
discontinuation patterns were less pronounced among inci-
dent patients. This may be due to the smaller sample size of
the incident population (N=571 switchers, N=1713 conti-
nuers) compared to the prevalent population (N=1109
switchers N=3327 continuers), thereby limiting the statisti-
cal power of the comparison. However, additional research
is needed to further evaluate the differences between
patients newly stabilized on originator IFX and those who
have maintained long-term stability.

While the present study found that patients switching
from originator to biosimilar IFX are more likely to switch
again to another originator biologic, the reasons why
patients switch treatments after initiating IFX biosimilars
or switch back to originator IFX remain unclear. One
potential reason for switching that has been the focus of
several studies is the “nocebo” effect.”'**** The nocebo
effect, which is the negative equivalent of the better-
known placebo effect, occurs when a patient has
a negative subjective feeling towards a treatment despite
acceptable pharmacological outcomes. The source of the
nocebo effect in the context of biosimilars may be related
to a lack of awareness or understanding of the product,

prompting patients to react to perceived minor adverse
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Table 2 KM Analysis of Time to Switch to Another Originator Biologic (Including Originator IFX) for the RA and IBD Subgroups

9 Months

12 Months

18 Months

83.4% (79.4, 86.8)
94.3% (92.7, 95.5)

76.3% (71.5, 80.4)
92.2% (90.3, 93.7)
<0.001*

70.3% (65.0, 75.0)
90.8% (88.7, 92.5)
<0.001*

67.2% (61.5, 72.3)
89.2% (86.8, 91.2)
<0.001*

83.4% (77.1, 88.1)
93.0% (90.5, 94.9)

75.7% (68.2, 81.7)
90.0% (86.9, 92.4)
<0.001%*

73.8% (66.0, 80.1)
88.6% (852, 91.3)
<0.001 *

69.5% (60.5, 76.9)
82.4% (77.3, 86.5)
<0.001*

80.9% (76.8, 84.4)
95.3% (93.9, 96.4)

78.0% (73.6, 81.9)
93.7% (92.1, 95.0)
<0.001*

73.3% (68.1, 77.8)
92.1% (902, 93.7)
<0.001*

70.1% (64.2, 75.3)
90.3% (87.9, 92.2)
<0.001*

80.4% (74.4, 85.0)
94.7% (92.6, 96.2)

782% (71.9, 83.3)
92.9% (90.4, 94.7)
<0.001*

72.3% (64.7, 78.6)
89.2% (86.0, 91.8)
<0.001*

65.0% (54.8, 73.4)
87.6% (83.8, 90.6)
<0.001*

0 Months | 3 Months 6 Months
RA subgroup
Prevalent population
KM rates (95% CI)
Switchers 100.00% 91.1% (88.0, 93.4)
Continuers 100.00% 97.3% (96.3, 98.1)
P-value of Log rank test | — <0.001* <0.001*
Incident population
KM rates (95% CI)
Switchers 100.00% 91.7% (86.9, 94.7)
Continuers 100.00% 96.2% (94.3, 97.4)
P-value of Log rank test | — 0.008* <0.001*
IBD subgroup
Prevalent population
KM rates (95% CI)
Switchers 100.00% 86.1% (82.6, 89.0)
Continuers 100.00% 97.9% (97.0, 98.5)
P-value of Log rank test | — <0.001* <0.001*
Incident population
KM rates (95% CI)
Switchers 100.00% 84.7% (79.4, 88.7)
Continuers 100.00% 96.6% (95.0, 97.7)
P-value of Log rank test | — <0.001* <0.001*

Note: *p<0.05.

Abbreviations: Cl, confidence interval; IBD, inflammatory bowel disease; KM, Kaplan—Meier; RA, rheumatoid arthritis.

events or to discontinue treatment.’®*® To this effect, in
the survey-based study of US patients with CIDs by
Teeple et al, 85% of patients were concerned that biosimi-
lars would not treat their disease as well as the originator
biologic.*® Additionally, several observational studies have
reported patients discontinuing biosimilars despite no
change in disease activity and/or a lack of objective
adverse events, suggesting subjective reasons for treatment

161921 Alternatively, it is possible that

discontinuation.
switches away from biosimilars may just be a reflection
of originator and biosimilar product availability.

In addition to evaluating switching patterns among patients
with CIDs, the present study also assessed subgroups of
patients with RA or IBD. The subgroup analyses yielded
similar findings as the main analysis, suggesting that the
switching and discontinuation patterns observed are consistent
regardless of CID indication. These RA- and IBD-specific
results contribute important insight to the literature regarding
two of the most common CIDs,40 which had thus far been
mostly evaluated in combination with other IFX indications in

studies of switching and discontinuation patterns.'>'*>!-7

Limitations

The results of this study should be interpreted in light of
some limitations. As with all claims-based studies, there
is the possibility of data omissions or coding errors
within the database. In addition, prescriptions or health-
care services that were processed through different
claims transactions than those captured by the SHS
database may not be reflected in the data; therefore,
a treatment interruption observed in the data may in
fact be a patient receiving healthcare services outside
of the networks that were not captured in the database.
While formal assessments have not been conducted, in
the event patients change providers to obtain different
medications, they tend to obtain the same medication
through the same provider, making the analysis of
switching patterns for a specific medication possible.
Treatment patterns were analyzed based on claims for
a filled prescription, which does not guarantee the actual
consumption of the medication by patients. The SHS
database also has no information on disease severity or
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the reason for medication switching or discontinuation.
Because of this lack of clinical context, switching to
another originator biologic and switching back to origi-
nator IFX were considered together; despite possible
differences between these two outcomes, insights on
the clinical decision-making that may differentiate
between the two types of switches were not available.
Moreover, since the same procedure code is used to
identify all claims for IFX biosimilars, switches from
one IFX biosimilar to another could not be detected and,
as such, patients moving from one IFX biosimilar to the
other were considered as not switching to another treat-
ment. Since medical claims in the SHS database may be
less well-populated than in a traditional claims database,
patients who used pharmacy benefits to acquire IFX
may not have had medical claims. However, most
patients received their IFX through medical benefits,
thus mitigating this limitation. Additionally, stability
on originator IFX was defined as having >5 claims of
originator IFX in the 12 months prior to the index date;
however, patients’ clinical stability could not be deter-
mined in this database. While differences in observable
characteristics between the two cohorts were accounted
for using PSM based on selected covariates measured
during the baseline period, residual confounding may
have remained due to unobserved factors. Lastly, for
patients already being treated with originator IFX
when entering the database (ie, >40% of patients in
the prevalent switchers and continuers cohorts), the
full duration of treatment with originator IFX prior to
the index date could not be determined, since data prior
to October 1, 2012, were not available. For these
patients, the start date of treatment with originator IFX
was assumed to be October 1, 2012. Additionally, the
prevalent population was subject to immortal time bias,
whereby the population may have been biased towards
patients less likely to switch or discontinue treatment
due to duration of stability on originator IFX that was
longer than the duration of treatment observed in the
data. As more data became available, an incident popu-
lation was analyzed, whereby the full duration of treat-
ment with originator IFX could be assessed. Since this
analysis included patients who were recently initiated on
originator IFX on or after October 1, 2013, it resulted in

a smaller sample size.

Conclusion

This retrospective study found that patients switching from
originator to biosimilar IFX were 2-to-3-times more likely to
switch to another originator biologic, notably back to origina-
tor IFX, than those remaining on originator IFX. Additionally,
prevalent patients switching from originator to biosimilar IFX
were more likely to discontinue their index therapy than those
remaining on originator IFX. Because the reasons for switch-
ing and discontinuation are unknown, additional research is
needed to understand the higher rates of switching and dis-
continuation among patients who switched to an IFX biosimi-
lar and its potential impact on clinical outcomes. Reasons for
switching back to originator IFX versus to another originator
biologic also need to be investigated.
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