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Abstract

Background Biological drugs have improved the management of immune-mediated inflammatory diseases (IMIDs) despite
being associated with important safety issues such as immunogenicity, infections, and malignancies in real-world settings.
Objective The aim of this study was to explore the potential of a large Italian multi-database distributed network for use in
the postmarketing surveillance of biological drugs, including biosimilars, in patients with IMID.

Methods A retrospective cohort study was conducted using 13 Italian regional claims databases during 2010-2019. A
tailor-made R-based tool developed for distributed analysis of claims data using a study-specific common data model was
customized for this study. We measured the yearly prevalence of biological drug users and the frequency of switches between
originator and biosimilars for infliximab, etanercept, and adalimumab separately and stratified them by calendar year and
region. We then calculated the cumulative number of users and person-years (PYs) of exposure to individual biological drugs
approved for IMIDs. For a number of safety outcomes (e.g., severe acute respiratory syndrome coronavirus 2 [SARS-COV-2]
infection), we conducted a sample power calculation to estimate the PY's of exposure required to investigate their association
with individual biological drugs approved for IMIDs, considering different strengths of association.

Results From a total underlying population of almost 50 million inhabitants from 13 Italian regions, we identified 143,602
(0.3%) biological drug users, with a cumulative exposure of 507,745 PY's during the entire follow-up. The mean age + stand-
ard deviation of biological drug users was 49.3 + 16.3, with a female-to-male ratio of 1.2. The age-adjusted yearly prevalence
of biological drug users increased threefold from 0.7 per 1000 in 2010 to 2.1 per 1000 in 2019. Overall, we identified 40,996
users of biosimilars of tumor necrosis factor (TNF)-a inhibitors (i.e., etanercept, adalimumab, and infliximab) in the years
2015-2019. Of these, 46% (N = 18,845) switched at any time between originator and biosimilars or vice versa. To investigate
a moderate association (incidence rate ratio 2) between biological drugs approved for IMIDs and safety events of interest,
such as optic neuritis (lowest background incidence rate 10.4/100,000 PYys) or severe infection (highest background incidence
rate 4312/100,000 PYs), a total of 43,311 PYs and 104 PYs of exposure to individual biological drugs, respectively, would
be required. As such, using this network, of 15 individual biological drugs approved for IMIDs, the association with those
adverse events could be investigated for four (27%) and 14 (93%), respectively.

Conclusion The VALORE project multi-database network has access to data on more than 140,000 biological drug users
(and > 0.5 million PYs) from 13 Italian regions during the years 2010-2019, which will be further expanded with the inclu-
sion of data from other regions and more recent calendar years. Overall, the cumulated amount of person-time of exposure
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to biological drugs approved for IMIDs provides enough statistical power to investigate weak/moderate associations of
almost all individual compounds and the most relevant safety outcomes. Moreover, this network may offer the opportunity
to investigate the interchangeability of originator and biosimilars of several TNFa inhibitors in different therapeutic areas

in real-world settings.

The VALORE project multi-database network has access
to data on more than 140,000 biological drug users with
immune-mediated inflammatory diseases (with a cumu-
lative exposure of 507,745 person-years during the entire
follow-up) from 13 Italian regions.

Overall, the cumulated amount of person-time of expo-
sure to biological drugs approved for immune-mediated
inflammatory diseases provides enough statistical power
to investigate weak, moderate, and strong associations of
almost all individual biological drugs and the most clini-
cally relevant safety outcomes.

This distributed database network captured data on a
large number of etanercept, adalimumab, and infliximab
users who switched between originator and biosimilar
during the entire follow-up, thus offering the opportunity
to investigate interchangeability in a real-world setting.

1 Introduction

Recent years have seen the introduction into the market of
highly innovative biological drugs, leading to improved
management of immune-mediated inflammatory diseases
(IMIDs) in dermatologic, rheumatologic, and gastroentero-
logical settings. Since 2006, in parallel, several widely pre-
scribed biological drugs have lost their patents, opening the
market to a growing number of biosimilars [1]. Biological
drugs, including biosimilars, approved for IMID treatment
may be associated with important safety issues that have
been mostly detected in the postmarketing setting [2]. In
particular, immunogenicity (e.g., hypersensitivity and infu-
sion reactions), infections, malignancies, and other serious
adverse reactions have been repeatedly documented for sev-
eral biological drugs [3-5].

More recently, with the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) causing the coronavirus dis-
ease 2019 (COVID-19) pandemic, there is uncertainty about
the risk of SARS-COV-2 infection and COVID-19 prognosis
in patients receiving chronic treatment with biological drugs
interfering with the immune system [6, 7]. Specifically,
clinicians have debated whether treatment with biological
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drugs should be interrupted to prevent severe complications
of COVID-19, such as interstitial pneumonia [8, 9]. The
American College of Rheumatology recommends continu-
ing treatment with biological drugs in patients with stable
rheumatic diseases in the absence of COVID-19 or SARS-
CoV-2 exposure [10]. On the other hand, the repurposed
use of several biological drugs (e.g., tocilizumab, sarilumab)
has been proposed for patients with COVID-19 and is being
investigated in a number of ongoing experimental studies
[11-14].

Another important issue to be addressed in the postmar-
keting setting concerns the interchangeability of biological
drug originators and biosimilars and, specifically, the pre-
sumed risk of immunogenicity by switching between bio-
logical drugs, which may cause a lack of effect and toxicity.
Members of the Biosimilar Working Party of the European
Medicines Agency, after exploring the available safety
data on switching between a biosimilar and its reference
product, concluded that biosimilars licensed in the EU are
interchangeable. However, the safety of switching between
originator and biosimilars requires additional investigation
in real-life settings and can be further addressed by gener-
ating clinical evidence of biosimilarity from premarketing
studies and intensified postmarketing surveillance [15, 16].

It is therefore imperative to set up large-scale real-world
data infrastructure to generate real-world evidence on the
comparative benefit-risk profiles of individual biological
drugs (including biosimilars) in IMIDs, integrating evidence
from pivotal clinical trials and rapidly investigating emerg-
ing safety issues, such as COVID-19.

In general, claims databases and clinical registries are
sources of real-world data with both potential for and limita-
tions in the monitoring of the benefit-risk profile of biologi-
cal drugs. In some European countries, established registries
of patients with IMID, such as the British Association of
Dermatologists Biologic and Immunomodulators Register
(BADBIR), the British Society of Rheumatology Biologics
Registry (BSRBR), the Antirheumatic Therapies In Sweden
(ARTIS), the Psoriasis Registry (PsoReg) in Sweden, and
the Danish Registry for Biologic Therapies in Rheumatology
(DANBIO) [17-19], have been used for post-authorization
safety studies in the EU, but these sources lack power and
length of follow-up. Likewise, the Biologics and Biosimilars
Collective Intelligence Consortium (BBCIC) is a nonprofit
research consortium that was established in the USA in 2015
to conduct observational studies on the safety and effective-
ness of biological drugs, including biosimilars, using claims
data [20].
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Irrespective of the data source, monitoring of the appro-
priate prescribing and the benefit—risk profile of (newly mar-
keted) biological drugs as well as of the interchangeability
of originators and biosimilars calls for the implementation
of large-scale real-world data networks for rapid, systematic,
and comparative assessment of biological drugs in the post-
marketing setting [21].

The Italian VALORE (Postmarketing evaluation of the
benefit-risk profile of originator biological drugs vs. bio-
similars in dermatology, rheumatology, gastroenterology
and oncohematology through healthcare database network,
active surveillance and clinical registries) project, funded
by the Italian Medicines Agency, set up a distributed multi-
database network of claims databases linked to clinical reg-
istries from almost the entire country. The aim of this study
was to demonstrate the enormous potential of the VALORE
project network for conducting postmarketing surveillance
of biological drugs, including biosimilars, in Italian patients
with IMIDs.

2 Methods

This was a retrospective cohort multi-database study. Fully
anonymized data were extracted from the claims databases
of 13 Italian regions (Abruzzo, Apulia, Basilicata, Campa-
nia, Emilia-Romagna, Friuli Venezia Giulia, Lazio, Lom-
bardy, Sardinia, Sicily, Tuscany, Umbria, and Veneto), which
covers almost 50 million inhabitants (83.3% of the Italian
population).

2.1 Data Sources

In this study, the following regional claims databases were
considered: (1) inhabitant registry, including demographic
information about the date of birth, sex, and date of regis-
tration in the regional healthcare system; (2) drug dispens-
ing from pharmacy claims database; and (3) birth registry
(Fig. 1). Data about biological drugs were recorded using the
anatomical therapeutic chemical (ATC) classification system
and national drug code (NDC), and the defined daily dose
(DDD) was used as the unit to estimate drug exposure [22].

Biological drugs with subcutaneous formulations are
dispensed to patients by hospital pharmacists for outpatient
use, whereas intravenous biological drugs (e.g., infliximab)
are administered in dedicated hospital ambulatory care cent-
ers. In each region, information on dispensing of biologi-
cal drugs, irrespective of the formulations, are collected in
claims data.

In Italy, for each biological drug prescribed to outpa-
tients, a therapeutic plan must be completed by a specialist
physician employed by the national healthcare service. This
therapeutic plan includes the drug name, dosing regimen,

and indication for use. In five Italian regions (Apulia, Lazio,
Friuli Venezia Giulia, Veneto, and Campania), electronic
therapeutic plans can be linked at the individual level to the
claims data sources.

2.2 Study Population

All people residing in the catchment areas of all participat-
ing regions between 1 January 2010 (or first available date)
and 31 December 2019 (or last available date) were identi-
fied. Based on the data availability at the time of the study,
Apulia and Campania (2014-2019), Sicily (2011-2018), Lazio
(2010-2017), Basilicata (2017-2019), and Veneto (2015-2019)
contributed fewer observation years. All subjects in the source
population with at least one biological drug dispensing during
the observation years were included in the study.

The date of the first biological drug dispensing (index
drug) was used as the index date (ID). As a patient could
potentially start multiple treatments with biological drugs
during the entire study period, multiple individual biological
drug-specific IDs per patient were considered, if appropriate.

Each patient was followed up from the ID until whichever
of the following events occurred first: (1) patient’s death, (2)
transfer out of the database, or (3) end of the study period/
end of data collection of the database. The characteristics
(total size, mean age, and sex distribution) of the underly-
ing population of each region participating in the VALORE
project network [23] are included in the electronic supple-
mentary material (ESM)-1.

2.3 Drugs of Interest

Drugs of interest were biological drugs (originator and bio-
similar) approved in Italy for IMIDs up to 31 December
2019: (1) tumor necrosis factor (TNF)-a inhibitors (i.e.,
infliximab, etanercept, adalimumab, golimumab, and cer-
tolizumab pegol), (2) interleukin inhibitors (i.e., anakinra,
tocilizumab, secukinumab, ustekinumab, ixekizumab,
brodalumab, sarilumab, guselkumab, tildrakizumab,
risankizumab), and (3) selective immunosuppressants (i.e.,
abatacept, vedolizumab). Rituximab was not included in the
analysis as it is mainly used in the onco-hematological set-
ting. At the time of this study, the biosimilars of infliximab,
etanercept, and adalimumab were available in the Italian
market.

The ATC and NDC codes of the study drugs are included
in ESM-2.

2.4 Distributed Analyses
A distributed analyses approach based on a “study-spe-

cific” common data model (CDM) strategy was used [24].
An R-based open-source tool “TheShinISS,” developed by
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Fig. 1 VALORE project multi-database network using common data model. id index date, atc anatomical therapeutic chemical

the Italian National Institute of Health for conduction of
distributed analyses and described elsewhere [14, 25-27],
was customized for the purposes of the study. Specifically,
it was delivered to regions for elaborating and processing,
at the local level, data on a cohort of biological drug users
approved for IMIDs, which were previously extracted and
loaded into a study-specific CDM. This tool performs data
quality control and ultimately generates an anonymized and
harmonized analytic dataset to be shared for the central-
ized data analyses. A project-specific cloud storage browser,
Cyberduck, was used for the latter purpose (Fig. 1).

2.5 Analysis of Safety Outcomes

We produced a list of the most relevant safety outcomes
associated with the study drugs based on safety information
reported in the summary of product characteristics (SmPCs)
and the risk management plan (RMP). Specifically, all the
safety outcomes reported in the “Important identified or
potential risks” section of the RMPs and in paragraph 4.4
“Special warnings and precautions for use” of the SmPCs
were collected. Safety outcomes from SmPCs and RMPs
were grouped according to mechanistic classes of biologi-
cal drugs (i.e., TNFa inhibitors, interleukin inhibitors, and
selective immunosuppressants) and included in Table 1.
Hierarchical attributions (i.e., important identified risk >
important potential risk > safety risk from SmPCs) were
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considered. Further identification of these safety outcomes,
stratified by active substance, is provided in ESM 3-5.

To assess the potential of the multi-database network for
the investigation of associations between clinically relevant
safety outcomes and individual biological drugs approved
for IMIDs, based on statistical power calculation, a sample
of the previously mentioned adverse events with heteroge-
nous background incidence rates (IRs) were selected: severe
infections, SARS-CoV-2 infection, neoplasms, congestive
heart failure, tuberculosis, and optic neuritis.

2.6 Statistical Analysis

Categorical variables of the study population were reported
as absolute and relative frequencies (i.e., percentages). Con-
tinuous variables were reported as mean + standard devia-
tion (SD).

Yearly prevalence of biological drug use was computed
as the number of drug users over the total population for
each calendar year, overall and stratified per region. Preva-
lence was adjusted for age categories (< 18, 18—44, 45-64,
> 65 years) using a standardized direct method based on the
calendar year-specific Italian population. The yearly age-
adjusted prevalence of biological drug users was graphically
represented with a line chart for each region.

For each biological drug user, the number of days of ther-
apy, based on the DDD and the amount of dispensed drug,
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was calculated for every year, and the average number of
person-years (PYs) of exposure was computed in the study
population. Cumulative time of exposure to biological drugs
over the years was measured and stratified by region and
molecule. The distribution of numbers and percentages of
biological drug users (overall and within subgroups) were
graphically described with bar plots or stacked bar plots as
appropriate. Yearly cumulative numbers of biological drug
users and PYs were graphically illustrated as stacked area
plots.

The required amount of PY's of exposure to individual
biological drugs, considering adverse events having vari-
ous background IRs and different strengths of association,
assessed using incident rate ratio (IRR), was graphically
represented as approximate power curves [28].

The IRs of the safety outcomes in users of IMID-
approved biological drugs were retrieved from the literature
[29-32]. The total amount of PYs of exposure that would
be required to detect an association between any biological
drugs approved for IMIDs and the events of interest was
computed over varying magnitudes of IRR (1.5, 2, 4, and
6), using a one-sided significance level of @ = 0.05 and a
power of 80% (f = 0.2), based on the formula described by
Beaumont and Breslow [28]. Consequently, we determined
the proportion of individual biological drugs among those
included in the study for which data would be sufficient for
the investigation of different safety outcomes. All statistical
analyses were performed using R version 4.0 (The R Foun-
dation for Statistical Computing, Vienna, Austria).

3 Results

From a total underlying population of almost 50 million
inhabitants (83.3% of the total Italian population; mean
age range 42.1-47.1 years, female-to-male ratio [F/M ratio]
1.1; see ESM-1) from 13 Italian regions during the years
2010-2019, we identified 143,602 (0.3%) biological drug
users (mean + SD age 49.3 + 16.3, F/M ratio of 1.2). The
age-adjusted yearly prevalence of biological drug users
increased threefold from 0.7 per 1000 inhabitants in 2010
to 2.1 per 1000 inhabitants in 2019 (Fig. 2). The Apulia and
Umbria regions showed the highest prevalence of biologi-
cal drug users (2.6 per 1000 inhabitants for both regions in
2019). Cumulative exposure was 507,745 PYs during the
entire follow-up. On average, each user had 3.5 PY's of expo-
sure (Fig. 3).

Looking at drug classes, the largest number of users
was reported for TNFa inhibitors (N = 118,276 [82.4%];
PYs 395,709 [77.9%])), followed by interleukin inhibitors
(N = 36,942 [25.7%]; 83,704 PYs [16.5%]), and selective

immunosuppressants (N = 16,918 [11.8%]; 25,300 PYs
[5.0%]). Regarding individual compounds, the largest num-
ber of users was observed for adalimumab (N = 61,748
[43.0%]; 121,363 PYs [23.9%]), etanercept (N = 46,946
[32.7%]; 106,948 PYs [21.0%]), and infliximab (N = 25,127
[17.5%]; 123,136 PYs [24.2%]). Among interleukin inhibi-
tors, the largest number of users was observed for usteki-
numab (N = 12,648 [8.8% of total biological drug users];
44,309 PYs [8.7%])), followed by secukinumab (N = 12,564
[8.7%]; 14,467 PYs [2.8%]). Sarilumab and brodalumab,
which were introduced into the market at the end of the
study period, showed the lowest cumulative number of users
(N="72210.5%]; 263 PYs [< 0.1%]; and N = 132 [0.1%];
35 PYs [< 0.1%], respectively) (Fig. 4).

As regards specific age groups, 10,457 (7.3%) biological
drug users were aged < 18 years and 46,479 (32.4%) were
aged >65 years. Among elderly patients, 8886 (6.2% of total
biological users) were aged >80 years (data not shown).

Overall, 40,996 users (almost 30% of total users) of bio-
similars of TNFa inhibitors (i.e., etanercept, adalimumab,
and infliximab) were identified in the years 2015-2019
(Fig. 5D). The proportion of biosimilar users for these bio-
logical drugs increased in all the Italian regions over time
(Fig. 5A-C). Of these, 46% (N = 18,845) of etanercept,
adalimumab, and infliximab users switched between origi-
nator and biosimilars, or vice versa, at least once during the
years 2015-2019.

As regards to safety outcomes, the IRs of some adverse
events of interest in cohorts of biological drug users were
identified from the literature [28-31] as reported here
(from the highest to the lowest IR): 4312 for 100,000 PYs
for severe infections; 382 for 100,000 PYs for neoplasms;
175 for 100,000 PYs for congestive heart failure; 164 for
100,000 PY's for SARS-CoV-2 infection; 95 for 100,000 PYs
for tuberculosis; and 10.4 for 100,000 PY's for optic neuritis.

Figure 6 shows the amount of drug exposure in terms
of PYs required to allow detection of a weak (IRR 1.5),
moderate (IRR 2), strong (IRR 4), or very strong (IRR 6)
association between an individual biological drug and each
of the five adverse events of interest. In particular, for SARS-
CoV-2 infection, 12,439 PYs of exposure to any biological
drug would be required to detect a weak association, which
would allow investigation of nine of the 15 individual study
drugs. For optic neuritis and severe infections (events with
the lowest and highest background IR), 43,311 and 104 PYs
of drug exposure would be necessary to detect a “moderate”
association (i.e., IRR 2), which would allow investigation of,
respectively, 4 and 14 of the 15 study drugs (Fig. 6).

Based on female biologic drug users with at least one
delivery after ID, the number of pregnant women exposed to
a biological drug in the VALORE project network was 794
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Table 1 Major safety outcomes for TNFa inhibitors, selective immunosuppressants, and interleukin inhibitors, as reported on the summaries of

product characteristics and risk management plans

Safety outcome

TNF-alpha inhibitors

Interleukin
inhibitors

Selective
immunosuppressants

Immune system disorders

Hypersensitivity (incl. anaphylaxis or anaphylactoid reactions)®"¢

Infections and infestations

Tuberculosis *°

Sepsis®®

Pneumonia®®

Invasive fungal infections®®

Hepatitis B virus (HBV) reactivation®"¢

Gastrointestinal infections®

Upper Respiratory Tract Infections*®

Diverticulitis aggravated®®

Conjunctivitis®?

Fungal infections®®

Cardiac disorders

Congestive heart failure®®

Hyperlipidaemia®

I

Major Adverse Cardiac Events (MACE)®

Gastrointestinal disorders

Inflammatory bowel disease (including Crohn's disease and ulcerative colitis)*>¢

Gastrointestinal perforation®

\
[

patobiliary disorders

Worsening of hepatitis C*

Autoimmune hepatitis®

Acute liver failure®

Hepatitis®

Jaundice®

diastinal di: S

Respiratory, th ic and

Eosinophilic pneumonia®

Pulmonary alveolar proteinosis®®

Pulmonary hypertension®¢

Interstitial lung disease®*

p benign, 1t and unspecified (incl. cysts and polyps)

Lymphomas®®¢

Leukaemia®?

Melanoma®®?

Nonmelanoma skin cancer®¢

Merkel cell carcinoma®®

Colon cancer/dysplasia >

Lung cancer®¢

Cervical cancer®

Breast cancer®

—
o

Blood and lymg ic system disorders

Pancytopenia, leukopenia, neutropenia and thrombocytopenia®®

Wegener's granulomatosis®

—

Musculoskeletal and connective tissue disorders

Lupus and lupus-like illness *°

Nervous system disorders

Guillain-Barré syndrome®®

Multiple Sclerosis®®

Serious depression (including suicidality)®

Optic neuritis®

Progressive multifocal leukoencephalopathy (PML)**

Reversible posterior leukoencephalopathy syndrome*®

Encephalitis/Leukoencephalomyelitis®

Facial palsy®

Skin and subcutaneous tissue disorders

Exfoliative dermatitis®

Psoriasis®

Immuno system disorders

Macrophage activation syndrome (MAS)?

Investigations

Transaminase elevations®

Increases in lipid parameters®®

Vascular disorders

Venous thromboembolism®

Metabolism and nutrition disorders

Hypoglycaemia®

Hyperlipidaemia®

RMP risk management plan, SmPC summary of product characteristics, TNF tumor necrosis factor

4SmPC: paragraph 4.4, Special warnings and precautions for use
"RMP: Important identified risk (red shading)
‘RMP: Important potential risk (blue shading)
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(data available from 11/13 regions). Considering the same
sample size for the nonexposed group, the minimum statisti-
cally significant relative risk (RR) detectable by event rate
is shown in Fig. 7. In particular, assuming an event rate of
7% for the outcome of interest, such as preterm delivery or
low birth weight, it would be possible to detect associations
with a RR of 1.45.

4 Discussion

This is the first large-scale multi-database network (13 Ital-
ian regions covering an underlying population of almost 50
million inhabitants with 10-year follow-up) to be specifically
set up in Italy for postmarketing surveillance of biological
drugs approved for IMIDs. Likewise, the BBCIC was estab-
lished in the USA in 2015 to carry out observational stud-
ies of biological drugs using a distributed research network

Fig.2 Age-adjusted yearly 2 —0—Sicily =@ Campania == Apulia Umbria

prevalence of use (per 1000 «=@= Friuli Venezia Giulia «=@==Emilia Romagna =@ Tuscany - a2i0

people) of biological drugs =@ Sardinia == Abruzzo «=@=ombardy —=@=Basilicata
=@==\/eneto

approved for immune-medi-
ated inflammatory diseases,
stratified by region in the period
2010-2019. Age adjustment
was performed using standard-
ized direct method, based on
calendar year-specific Italian
population for the following age
categories: < 18, 18-44, 45-64,
and > 65 years
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Fig.3 Cumulated number of biological drug users (left) and person-years (PYs) of biological drug exposure (right) during the study period

2010-2019, stratified by regions
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of claims data for almost 95 million patients in the USA.
In Europe (especially Northern Europe), a number of well
consolidated disease registries, such as DANBIO, were also
set up for postmarketing surveillance of biological drugs in
IMIDs; they include electronic data of treatments with bio-
logical drugs collected during periodic visits by specialists
or other healthcare professionals (e.g., nurses) and clinical
information recorded by patients [19]. In comparison, the
VALORE project network collects all routinely provided
healthcare services provided to biological drug users using
several claims databases, which can be further supplemented
with clinical data from linkable regional disease registries,
whenever available.

The yearly prevalence of biological drug users increased
overall on average from 0.7 per 1000 in 2010 to 2.1 per
1000 in 2019. Heterogeneity across regions has been docu-
mented. The availability of highly qualified specialist cent-
ers, regional drug policies, and characteristics of underlying
population may all account for differences in biological drug
access across geographic areas.

Several biological drug utilization studies from other
European countries have been previously published. Fass-
mer et al. [33] investigated the frequency of biological drug
use in a cross-sectional study, based on the claims data of a
large German health insurance database. Consistent with our
results, although the study period was older, the prevalence
of biological drug use increased steadily from 2004 to 2011
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(from 0.35 per 1000 inhabitants in 2004 to 1.54 per 1000
inhabitants in 2011) [33].

The VALORE project network currently covers 143,602
individual biological drug users and a cumulative 507,745
PYs of exposure. As compared with 2010, the total number
of biological drug users was fourfold larger in 2019 (N =
92,744), in line with the increased use of several biologi-
cal drugs over the years reported by the national reports
on medicine use in Italy [34-37] and with the results from
the previously described population-based study conducted
in Germany [33]. Similarly, Mendelsohn et al. [38] evalu-
ated the incident use of biologic anti-inflammatory agents
in BBCIC’s distributed research from 2012 to 2019. They
identified 160,866 (0.5%) incident users of TNFa inhibi-
tors, abatacept, anakinra, brodalumab, canakinumab, and
guselkumab [38]. The increasing trend in the yearly preva-
lence of use of biological drugs across all the regions during
the study years could be related to multiple factors, such
as the marketing of several biological drugs (e.g., secuki-
numab, vedolizumab), including biosimilars, in more recent
years as well as the extensions of the approved indications
for use for many frequently prescribed biological drugs (e.g.,
adalimumab), thus expanding the number of patients eligible
for the biological treatments.

The large-scale population of biological drug users col-
lected from VALORE project networks is essential to inves-
tigate the association between several clinically relevant
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Fig.4 Cumulated number of biological drug users (left) and person-years (PYs) of biological drug exposure (right) during the study period

2010-2019, stratified by single molecule
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Fig.5 Distribution of infliximab (A), adalimumab (B), and etaner-
cept (C) originator/biosimilar use in the years 2015-2019, stratified
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vidual biological drugs, stratified by originator/biosimilar use (D).

outcomes and individual biological drugs, as pivotal trials
of marketed biological drugs generally recruited too few
patients for accurate investigation of the safety profiles of
those drugs. For example, the pivotal PHOENIX 1 and 2
clinical trials of ustekinumab included slightly more than
700 and around 1200 patients with psoriasis, respectively,
whereas pivotal phase III clinical trials of adalimumab
treated 1368 patients overall [39, 40].

With regard to drug classes, we observed a progressively
increasing use of interleukin inhibitors, especially in the last
4 observation years (2016-2019), with more than 40,000
users overall captured by the network in these years. Very
low numbers of users were identified only for brodalumab,
sarilumab, and guselkumab, since these drugs were intro-
duced to the market at the end of the observation period;
in some regions, market access of those biological drugs
was further delayed because of the evaluation procedure for
inclusion into the regional drug formulary, thus generating
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Biosimilar users: one or more dispensing of biosimilar only; origina-
tor users: one or more dispensing of originator only; originator + bio-
similar users: one or more dispensing of biosimilar and one or more
dispensing of originator

possible inequality in quality of care across Italian regions
[41].

TNFa inhibitors were the most frequently dispensed bio-
logical drugs (395,709 PYs of exposure related to 118,276
biological drug users), which is due to the observation
period under study. As compared with chemically synthe-
tized small molecules, more uncertainties about the safety of
biological drugs at the time of approval may exist [42]. Con-
sidering that clinical trials are not able to detect rare adverse
outcomes or those with a long latency, the safety profiles of
biological drugs should always be intensively monitored in
the real-world setting.

Using data from eight European healthcare databases, a
previous large-scale retrospective study estimated the num-
ber of drugs (not restricted to biological drugs) that could
be monitored for surveillance of a range of safety outcomes
with different background IRs (acute myocardial infarc-
tion, upper gastrointestinal bleeding, acute renal failure,

A\ Adis



758

G. Trifiro et al.

40000

SARS-CoV-2 1
infection

! Congestive heart
Iuberculosis 1 0

failure
36000

32000

28000

24000

20000

16000

12000

8000

4000

Expected PYs in the users of any biological drug approved for IMIDs

Expected PYs in the users of any biological drug approved for IMIDs

5600

INeoplasms Severe infections |

P
& R
38 3
3 3

4400

4000

3600

3200

2800

1
|
|
|
1
|
|
1
1
2400
|
2000 1
1600 1

1200

®
3
3

IS
]
3

100 120 140

20 40 60 80 160 180 200
IR (per 100,000 PYs) of any event in the users of biological drugs approved for IMIDs

Incidence Rate Ratio

Fig.6 Approximate power curves to estimate the required amount of
drug exposure (PYs) to detect a statistically significant ratio of 1.5
(weak association), 2 (moderate association), 4 (strong association),
and 6 (very strong association) between the IR of a given safety out-
come in users of biological drugs approved for IMIDs vs. the general
population, using one-sided significant level @ = 0.05 and a power
of 80% (f = 0.2). Note: The following background IRs were consid-

Fig.7 Minimum detectable 35
relative risk for important
pregnancy-related adverse
events associated to biological a0
drug users in pregnant women ¥
B
T
€ 25
c
S
3E
@
@
=
T 20
@
&
&
£
3
% 15
£

10

1% 2%

anaphylactic shock, bullous eruptions, and rhabdomyolysis)
using electronic healthcare databases [43].

Likewise, the VALORE project database network had
enough statistical power to adequately detect even weak
associations between individual biological drugs approved
for IMIDs and specific safety outcomes of interest.

It has been reported that reliance on a single database
could reduce statistical power [44], whereas combining
multiple databases offers the ability to assess exposures to
a larger variety of biological drugs within a wider range
of patients and with heterogeneous patterns of use. Fur-
thermore, given the different safety profiles of individual
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biological drugs and drug classes, the gained statistical
power of this network may enable comparative safety stud-
ies to be conducted for almost all individual IMID-approved
biological drugs.

The number of PYs of exposure (12,439 PYs) to any
biological drugs approved for IMIDs that would be neces-
sary to detect a weak association (IR 1.5) with SARS-CoV-2
infection was also identified. The SARS-CoV-2 pandemic
also raised concerns about the management of patients
with IMIDs. In general, the relationship between the risk
of SARS-COV-2 infection/COVID-19 prognosis and use of
IMID-approved biological drugs remains under debate [8,
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9]. Although it has been reported that use of TNFa inhibitors
and interleukin-12/23 inhibitors in patients with inflamma-
tory bowel disease or psoriasis did not worsen the clinical
course of COVID-19 [45, 46], data are still too scarce to
allow firm conclusions about associations between indi-
vidual biological compounds and COVID-19. Through the
linkage of COVID-19 regional registries and claims data, the
VALORE project distributed database network may properly
investigate this important safety outcome in large cohorts
of biological drug users. This approach has already been
adopted to investigate the relationship between COVID-19
prognosis and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers or hydroxychloroquine/chlo-
roquine and other conventional disease-modifying antirheu-
matic drugs in rheumatic patients and to measure the sur-
vival rate of hospitalized patients with COVID-19 [14, 26,
27]. Another aspect of interest concerns the use of biosimi-
lars. International regulatory authorities have taken differ-
ent positions about the interchangeability of originator and
biosimilars [16, 21]. In the VALORE project network, we
captured data on 40,996 users of biosimilars of infliximab,
adalimumab, and etanercept during the years 2015-2019.
The use of those biosimilars has increased significantly over
recent years, albeit with heterogeneity across Italian regions,
as documented in the national reports on medicine use in
Italy [34-37] and previous Italian real-world studies [47,
48]. This finding is probably due to the implementation of
different regional health policies for promoting biosimilar
use [49].

Interestingly, 46% of etanercept, adalimumab, and inf-
liximab biosimilar users switched between originator and
biosimilars (or vice versa) during the follow-up, thus high-
lighting the potential of such a database network in the
investigation of the interchangeability of originators and
biosimilars in real-world settings. As it is unrealistic for ran-
domized controlled trials to be systematically carried out
to explore all potential switches of originator and related
multiple biosimilars, intensified postmarketing surveillance,
in addition to evidence of biosimilarity, has been suggested
as an optimal approach for ensuring the interchangeability
of biosimilars and originators [15].

4.1 Strengths and Limitations

The main strength of this population-based study was the
large size of the data source and the almost nationwide cov-
erage (almost 50 million Italian people over a total popula-
tion of more than 60 million) for a period of 10 years, which
can be further extended with the continuous accrual of more
recent data and possibly other regions. The VALORE project
network captured data from 13 Italian regions, including
almost all the most densely populated areas (e.g., Lom-
bardy, Campania, Lazio, Sicily, and Veneto regions). The

underlying population from 13 Italian regions included in
the VALORE project network registered a mean age ranging
from 42.1 to 47.1 years, with an F/M ratio of 1.1, in line with
the mean age (range 43.3—48.5 years) and sex distribution
(F/M ratio 1.1) observed in the underlying population of the
other eight Italian regions as proof of the representativeness
of the population of VALORE project network [23]. As one-
third of biological drugs approved for IMIDs were marketed
in Italy before 2016, use of the VALORE project database
network for the long-term assessment of patterns of use and
the comparative safety and effectiveness of different biologi-
cal drugs, including biosimilars, is feasible.

Since our study focused on 13 Italian regions from north-
ern, central, and southern Italy, and the trends of biological
drug users over the years from these databases were con-
sistent with those documented in Italian national reports on
drug consumption, our findings may be considered repre-
sentative of the whole Italian population.

Moreover, this study reported data for specific subgroups
of biological drug users, such as pregnant women, for whom
information from pivotal studies of biological drugs is
lacking.

The open-source R-based tool (TheShinISS), developed
for distributed analyses within a CDM framework, not only
enabled us to involve a large and growing number of regions
but also, once customized, provided the opportunity to rap-
idly update the data and analytical dataset, in line with data
privacy regulations.

Some limitations of the study warrant caution. First,
we did not perform analysis stratified by indication of use,
which may be more informative. As some regions also pro-
vide access to electronic therapeutic plans completed by
specialists for prescribing biological drugs and including
information on exact indication for use, validation studies
of coding algorithms for identifying the main indication of
use of biological drugs approved for IMIDs are ongoing.
As regards the power calculation specifically, which is irre-
spective of indications of use, it should be noted that the
risk of safety outcomes may vary across different indications
of use; on the other hand, all the indications approved for
the biological drugs under investigation are inflammatory
and immune-mediated diseases. As such, it is unlikely that
differences in risk (if any) of safety outcomes across vari-
ous indications of use are substantial [50]; as such, the risk
assessment of safety outcomes associated with biological
drugs approved for IMIDs is likely to be informative even if
not stratified by indication of use.

Second, the databases may not have captured all study
drug dispensing (e.g., biological drugs occasionally admin-
istered to inpatients during a hospitalization). However, it
is unlikely that this limitation influenced the study results.
Moreover, some biological drugs, such as tildrakizumab,
risankizumab, and brodalumab, have only been fully
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reimbursed by the Italian national health system since 2019,
yielding a very low number (or null in some regions) of
users, which, at the moment, prevents any postmarketing
assessment.

Third, the estimated power of the network may be reduced
for safety outcomes assessment, when restricted to specific
indications or patient categories (e.g., children, very old
patients, pregnant women); however, the network currently
cumulates such a large number of biological drug users that
analyses on major safety outcomes for the most frequently
prescribed individual compounds will be possible.

Fourth, exposure to biological drugs was assessed on the
basis of DDD, but situations in which some patients inten-
sify/reduce the dose regimen could clearly occur, so DDD
could not reflect the exact doses actually used in clinical
practice. However, this approach has been commonly used
as one of the most accurate ways to estimate dosing regi-
mens using claims databases in pharmacoepidemiology, and
it is unlikely to substantially influence our results.

Fifth, concerning interchangeability between reference
biological products and biosimilars, the most accurate
approach to investigating the potentially related immuno-
genicity is testing levels of antidrug antibodies. However,
it is known that antidrug antibodies are not measured rou-
tinely in clinical practice, and even if measured, generally
claims databases rarely capture information on laboratory
findings. Nevertheless, the VALORE project claims database
network may potentially explore safety outcomes related to
immunogenicity in cases of clinical manifestation, such as
serious hypersensitivity reactions leading to hospitalization
or emergency department visits, or lack of effectiveness,
which may be measured using some composite outcomes
as proxy, as done in previous claims database studies on
biological drugs [51].

Sixth, safety outcomes (especially those with a long
latency period, e.g., neoplasms) observed during follow-up
could not be associated with the biological drug dispensed at
ID but could also be associated with a biological drug other
than the index drug/small molecule after a switch; therefore,
a proper methodological approach would be required.

Finally, clinically relevant information about IMIDs (e.g.,
disease severity) was missing from the network of regional
claims databases. Nevertheless, one of the ambitious goals
of the VALORE project is to enrich claims data with clini-
cally relevant information such as disease activity scores,
exact indication of use, and reasons for treatment discontinu-
ation through linkage with population-based disease regis-
tries from the same catchment area, which are available in
some Italian regions [52-54]. For this scope, exploratory
analyses have been conducted in the last year to link regional
claims data with the Sicilian registry of biological drug users
with inflammatory bowel disease and will be conducted in
the near future with Veneto registries of biological drugs
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users with dermatology, rheumatology, or gastroenterology
diseases.

5 Conclusions

During the period 2010-2019, the VALORE project multi-
database network identified 143,602 biological drug users
from 13 Italian regions. The statistical power of this large-
scale distributed database network allowed the postmarket-
ing surveillance of individual biological drugs with respect
to a broad range of clinically relevant safety outcomes,
including SARS-CoV-2 infection. The VALORE project
multi-database network can be further powered by adding
data from more recent calendar years of follow-up and from
other regions and can be enriched through linkage with pop-
ulation-based clinical registries. Such a network has great
potential to generate real-world evidence on comparative
benefit-risk assessments of individual biological drugs in
patients with autoimmune diseases as well as on the inter-
changeability of originators and related biosimilars.
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