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Background: The current flows of the SSN represent the set of interest whose interconnection alone justifies the current study. These 
flows can be interconnected with other sources, institutional or otherwise, in order to answer well-defined questions.
Objective: The objective of the study is to verify, through the analysis of administrative databases, any differences in the 
consumption of health resources between biological off-patent originator drugs and biosimilars in real clinical practice, with particular 
reference to the rheumatology area.
Methods: Through the use of assisted databases (BDA) of ATS Pavia we evaluated the differences in terms of consumption of health 
resources related to the different drugs under analysis. Annual and daily costs were calculated by total patient cost, stratified for 
different treatments, considering the sum of total costs for the prescriptions of drugs subject to the analysis. Another objective was to 
evaluate the adherence of the drugs of interest, by utilizing specific indicators (MPR).
Results: A total of 145 patients were analyzed. Among enrolled patients, 26.9% of users were treated with a biosimilar drug, while 
73.1% with a biologic originator. Adherence is higher if it is considered the population treated with biosimilar drugs (82.1%). Total 
cost (including drug prescriptions, hospitalizations, outpatient services, tests for any cause) during the observation period of 1 year is 
14,274.08. 87.7% of the total is attributable to drugs. Non-hospitalized patients are the least expensive, whether they were treated with 
biologics or biosimilars.
Conclusion: In our sample, biosimilar drugs tend to be underused: the treatment of a patient with a chronic autoimmune disease is 
a clinical process that involves many health professionals, and a criticality could also derive from the difficult communication between 
the various professional figures who get involved with the whole patient treatment.
Keywords: real world data, biosimilar, rheumatic diseases, PDTA, EULAR recommendations, rheumatoid arthritis

Introduction
The advent of Electronic Medical Records (EMRs) and the enormous enhancement of computing capabilities have made 
it possible today to collect health data electronically, in large quantities, very quickly and at the very moment in which 
the service is provided. It is therefore possible to use data relating to large numbers of subjects to describe the impact of 
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care and to predict the results and response to various treatments of future patients.1 This information can be obtained at 
a relatively low cost, being based on data already routinely collected as part of current practice and representative of real 
populations and the assistance actually provided. Using real-world data (RWD), we therefore refer to data relating to the 
state of health of patients or the provision of assistance, collected routinely from a series of sources, such as 
computerized files or administrative databases relating to hospitalizations, prescriptions or outpatient services.2,3

Rheumatoid arthritis (RA) is a chronic and progressive autoimmune disease characterized by inflammation of the 
joints resulting in progressive disability. The disease has a higher prevalence among women and about two-thirds of 
patients are in an age group compatible with full employment. Fatigue and depression can be associated with the disease, 
with important consequences on the patient’s psychosocial well-being, as well as systemic complications, such as 
cardiovascular diseases, which can jeopardize their survival.4,5 The mainstay of therapy in RA is represented by disease- 
modifying anti-rheumatic drugs (DMARDs). The introduction of biological DMARDs (bDMARDs) into therapy has 
allowed a new therapeutic frontier, in particular for patients who do not respond to traditional therapies or who do not 
tolerate them.6,7 The entry into the market of biosimilar drugs, despite being seen as a tool capable of expanding access to 
biological drugs while contributing to the financial sustainability of the health system, has given rise to discussions with 
the scientific and political-economic-health community, in particular on the safety and efficacy profiles of biosimilars and 
on the comparability/substitutability with reference to the drugs of origin.8,9 One potential way of investigating RA in 
primary care is the use of health-care databases.

In order to make this project usable and concrete, we analyze the case of the differences in terms of costs and 
treatment adherence between biological and biosimilar drugs in real clinical practice with particular reference to patients 
with RA.

The variables are collected directly in the administrative databases owned by ATS, whose mission is to produce data 
for governance and fill unmet needs. The researchers provided the ATS operators with the inclusion criteria so that they 
could proceed with the coring: Pathology exemption (code 006), hospital admissions recorded in the previous 3 years, all 
hospital admissions in which the main or secondary diagnosis is main and/or secondary 714.0, 714.1, 714.2, 714.30, 
714.32, excluding patients affected by HIV or drug addicts or with psychiatric pathologies from the selection, finally 
including those with a biosimilar or biological prescription.

All the data required for the execution of this study are included in the administrative databases of ATS Pavia: 
retrospective data are “secondary nature” data, ie already collected by ATS Pavia and the flow of information that is 
generated is useful for incidence studies to predict how local resources are used.

The tracer drugs for the analysis have been Infliximab and Etanercept, considering that at the time of data extraction 
there was a prescription volume of biosimilar drugs not less than 10% of the total in the therapeutic area considered.

Furthermore, it should be noted that the analysis was conducted exclusively with the use of databases owned by ATS 
(Health Protection Company) Pavia (approximately 530,000 patients) and, according to the privacy law, the analysis was 
carried out entirely on aggregated data provided by ATS following the requested outputs.

All subjects who manage the data of the study guarantee to keep the confidentiality of personal data in the database.

Methods
Data Sources
The analyses were carried out starting from the assisted databases (BDA) owned by ATS of Pavia - U.O.C. 
Epidemiological Observatory. The administrative databases used are Flow of Territorial Pharmaceutical Products, 
Flow of the Outpatient Specialist and Instrumental Diagnostics, Flow of Hospital Discharge Cards (SDO) and 
Mortality Cards. In accordance with the privacy law, the analysis is conducted entirely within ATS, which provides 
aggregated data following the required outputs.

The study is monocentric and the evaluation will follow up the potential involvement of other centers through 
protocol amendments. The target population of this observational retrospective study includes ATS Pavia patients 
diagnosed with RA and at least one biologic or biosimilar drug prescription between January 2017 and 
December 2019 (recruitment period). In BDA cases were identified by setting as extraction criteria hospitalized patients: 
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this study includes a sample of individuals of legal age of both genders, with diagnosis (main and/or secondary, code 
7140) and/or pathology exemption (code 006) from 2017 to 2019 and prescription of Biological – originator (and 
possible concomitant therapies) and prescription of Biological – biosimilar (and possible concomitant therapies). The 
prescription date of the first drug during the inclusion period represented the “index date” for each patient. From the 
index date onward, each patient was observed for 1 year (follow-up period) also recording the time elapsed in days 
between the date of diagnosis and the first prescription, or the date of death for the deceased within the year of 
observation. For each individual patient, this database records information regarding daily clinical practice, such as 
demographic and clinical data (diagnostic and therapeutic) but also consumption and costs of the health-care resources 
administered. Each patient was uniquely identified through a specific internal study number. The correspondence between 
the internal number assigned and the patient’s identity is kept exclusively at the Center. The study was conducted 
according to the guidelines of the Declaration of Helsinki, and according to the Italian law, approved by local Ethic 
Committee (Comitato Etico Pavia - Fondazione I.R.C.C.S. Policlinico “San Matteo” - P-20210018856, Pavia, 6/11/21).

The patient cohort was selected relying on a brief descriptive analysis of the Personal Data dataset, in particular of the 
demographic characteristics of the patients and the distribution of age of diagnosis, gender and year of diagnosis. The 
interrogation of data relating to diagnoses, interventions and procedures was carried out in accordance with the ICD- 
9-CM classification system (International Classification of Diseases, 9th revision - Clinical Modification).

The registration of the pharmaceutical prescription takes place by means of a list of products coded by a commercial 
name and relative pharmaceutical form, ATC (Anatomical Therapeutic Chemical classification system - WHO) classi-
fication, A.I.C. (Marketing Authorization), and active ingredient with the drugs are registered.

The outcomes between off-patent originating biologic drugs and biosimilars in real clinical practice are analyzed 
considering that at the time of data extraction (2016–2019) a prescription volume was present in the therapeutic area 
considered of biosimilar drugs not less than 10% of the total.

Subjects were treated with Etanercept (both biologic and biosimilar), Infliximab (both biologic and biosimilars) 
Abatacept, Adalimumab Tofacitinib, Tocilizumab, Golimumab, Baricitinib, Sarilumab (biologics only).

Data Preparation
A dataset was generated to evaluate the consumption of each drug of interest. We considered only the consumption of 
biological drugs and biosimilars that occurred during the observation period, identifying the first and last prescriptions for 
each therapy within the observation year. Once the data of interest had been extracted, it was possible to proceed with the 
creation of new useful variables (in terms of costs and adherence). The costs for each patient, determined by drugs, 
hospitalizations, and specialist visits, were identified 1 year after the start of the observation. After identifying 
consumption, it was possible to calculate adherence using the Defined Daily Dose (DDD) defined as the average dose 
of a drug taken daily by an adult patient, with reference to the main therapeutic indication of the drug itself: the database 
was then enriched with days of therapeutic coverage, obtained from the correct posology and the DDD.

Adherence was determined for each therapeutic category using the medication–possession ratio (MPR). MPR reflects 
the proportion of days during which patients possessed a supply medication. The levels of adherence have been 
categorized as follows: less than 40%: non-adherent, between 40% and 80%: on average adherents, greater than 80%: 
strongly adherent.

Data Processing and Statistical Analysis
Statistical processing was possible using the RStudio software, on which different datasets were prepared according to the 
analyses to be performed.

The following indicators are used to assess the differences:

● Persistence is defined as the period of days of therapy between the first dispensation and the interruption of therapy, 
it will be calculated as a continuous variable, such as the number of days of therapy for which therapy is available, 
without interruptions. The total number of days in therapy of the patient will be analyzed through the use of the 
“Defined Daily Dose” (DDD).
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● Treatment adherence will be calculated using the Medical Possession Rate (MPR) technique, which is defined as the 
ratio between the number of packs dispensed during the persistence period multiplied by the number of DDD per 
pack, divided by the total number of days until therapy is interrupted.

The costs for each patient are identified 1 year after the start of the observation. Drugs (for patients who have received 
therapy), hospitalizations and specialist visits contribute to the costs.

The Fisher test on the coefficients of a linear regression model (in the case of the variables relating to costs) suitably 
estimated as a test for the verification of hypotheses to evaluate the significance with respect to the subdivisions made 
and the chi-square test on the model of logistic regression estimated for mortality, as a dichotomous variable. To assess 
significance, the p-value was considered, using 0.05 as the cut-off value.

The hospital admission rate, ie, the number of hospital discharges, is analyzed considering patients persisting for 
a period of at least 6 months.

The average number of specialist visits is calculated keeping into account persistent patients during the therapy period 
and specialist visits for any cause. Patient mortality data are estimated focusing on the number of persistent patients in 
the same period considered for hospital admissions and, once again, we considered all-cause mortality. Costs are 
estimated based on total patient cost, stratified for patients treated with biologics and treated with biosimilar drugs, 
considering the sum of the total costs of all prescriptions, hospital admissions for any cause, outpatient services for any 
cause and examinations for any cause during the one-year persistence period.

Another cost analysis will be performed on a scenario that includes only disease-related prescriptions and only 
disease-related hospitalizations, with all-cause data from outpatient services and examinations. All costs will be assessed 
from the point of view of the Italian National Health System.

Results
Overall, 145 patients met the inclusion criteria and were considered in the analysis. The age at diagnosis, meant as the 
first prescription, is mainly concentrated between 50 and 70 years (Figure 1).

bDMARDs object of this study were used as analysis drivers in order to “track”, in the database, the subjects they 
were administered to. Observing the use of the different therapies, 26.9% (n=39) of users were treated with a biosimilar 
drug, while 73.1% (n=106) were treated with a biologic originator (Figure 2).

Considering the cost’s composition (Figure 3), it is shown that 87.7% (€ 12,511.73) of the total cost (included drug 
prescriptions, hospitalizations, outpatient services, tests for any cause during the observation period of 1 year) is due to 
drugs, 6.8% (€ 966.84) to hospitalizations and 5.6% (€ 795.51) to services (specialist visits).

Figure 1 Age classes distribution.
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Figure 2 Patient distribution by biological and biosimilar drugs.

Figure 3 Costs composition.
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Average composition of costs can be appreciated using a bar graph that highlights low variability, which shows how 
many non-hospitalised patients correspond to lower levels of expenditure, whereas only seven patients hospitalized are 
linked to costs of up to €16,521 euro and the majority (91 patients) had costs connected to medical services. The same 
tendency can be appreciated both for biologics and biosimilars drugs: even in this case almost the totality did not need for 
hospitalization and costs concentrated in the lower class (Figure 4A and B).

Adherence was calculated using medication possession ratio (MPR) according to the ranges recognized by AIFA. Of 
a total of 106 patients treated with biologic drugs 60 patients (56,6%) were strongly adherent, 34 average adherents 
(32,1%) and 12 nonadherent (11,3%) (Figure 5A).

Adherence is higher if it is considered the population treated with a biosimilar drug: among patients treated with 
a biosimilar almost all patients (32) are high adherent (82.1%), 7 (17.9%), while medium adherent and none are low 
adherent (Figure 5B).

As a final analysis, the possible differences between the different groups for the items listed (Number of hospitaliza-
tions, Cost of hospitalizations, Number of medical services, Cost of medical services, Number of Drugs prescriptions, 
Cost of Drugs prescriptions, Total costs) was compared using the student test and the significance calculation.

The comparison of biologics and biosimilars shows that most patients take biologics (106 compared to 39 biosimilar 
users): they represent a slightly lower cost in case the focus is based on hospitalizations cost, in respect to a total cost 
mostly comparable.

Figure 4 Cost of recoveries (A) biologics, (B) biosimilars.
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Figure 5 Adherence distribution (A) biologics, (B) biosimilars.
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Concerning considered parameters (number and cost of hospitalizations and therapies), there are no appreciable 
statistically significant differences between the two samples.

The t-test shows that there is no statistical significance in the comparison between the two groups (biologics vs 
biosimilars) considering number and cost of (1) hospitalizations, (2) medical services, (3) drug prescriptions, as well as 
total costs.

Discussion
The innovation of this project is the use of real data from Pavia ATS and not simple literature data. Starting from the 
information extracted from the assisted database of ATS, we tried to understand the management of patients with RA, but 
the extrapolations that were made, starting from the extractive algorithm, were inconsistent. Pharmaceutical consump-
tions, obtained from prescription archives, have long been considered as reliable descriptors of patient exposure to drugs 
as pathology tracers. However, in order to be able to conduct real pharmacoepidemiological studies, it is important that 
these archives are integrated both with population personal data and with other health performance descriptors (eg 
hospital admissions and specialist services). This approach makes it possible to change from a purely descriptive view to 
an epidemiological one, in which the patient is at the center of the study with the possibility of identifying reference 
populations. Pathology exemption is not a valid tool in order to identify all the diagnoses of RA, certainly not considering 
part of it such as patients with comorbidities, exemption for oncological diseases, which include the other, older patients, 
people who do not apply for the exemption because it is not useful or because it is below a certain income threshold. In 
addition, information concerning the discontinuation of treatment indicated by doctor is not available. Both biologics and 
biosimilars need to be suspended in some kind of situations (for example, infections and surgical interventions), and the 
interruption does not constitute a non-adherent case.10,11 Moreover, there is no possibility to measure it. The possible 
incompleteness of the information represents a further limitation of this study: it is unknown what kind of investigations 
the patient conducted outside the public context: in fact, the administrative database from which the information was 
extracted does not actually include the private regime.

The results of the 2021 OsMed reports of the Italian Medicines Agency (AIFA) on consumption and expenditure 
related to biosimilar medicines show a high heterogeneity at the regional level.12 In this context, examining the three- 
year period considered with regard to rheumatological area, the prescription of biologicals overcomes the one of 
biosimilars: this could be due to a lower knowledge of the availability and operations of biosimilar drugs. The problem 
is targeting therapy, especially for inflammatory autoimmune diseases, for which it is not so easy to identify the correct 
biologic that ensures an effective cure, while allowing, at the same time, not to waste resources – which, once again, must 
be reallocated in the correct way (for example, by finding monitoring systems).13 The complexity of this issue is further 
increased by the current availability of several different modes of action for the treatment of RA, implying the need to 
find predictive features before treatment initiation.14

The standard Diagnostic Therapeutic Path used in Lombardy Region is outdated and has proven to be unsuccessful in 
the management of the onset of RA: for example, in the early stages of the disease the patient relied on the general 
practitioner, and only later he was accessing specialist care.15

A 2015 validation study of a classification algorithm to identify RA using administrative health databases16 provides 
a complete validation of classification algorithms for the identification of patients with rheumatoid arthritis (RA) at the 
population level through health-care administrative databases. This study carried out in the Lombardy region showed that 
AHDs are valuable tools for the identification of RA cases at the population level and allow estimation of disease 
prevalence and to select retrospective cohorts: in a randomly selected sample of 827 patients drawn from a tertiary 
rheumatology centre (training set), clinically validated diagnoses were linked to administrative data including diagnostic 
codes and drug prescriptions.

Biologic drugs have represented an important turning point for the treatment of serious and life-threatening diseases 
in fields like oncology, neurodegenerative, dermatological, gastroenterological, and rheumatological.17 But, in this 
regard, the high costs these drugs have entered the market with raised a problem of sustainability about pharmaceutical 
expenditure as well as (and above all) limiting access to a small number of patients.18 In this context, the expiry of patent 
coverage of biologic drugs represents a significant opportunity for patients and for the health system as a whole. In 
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addition to allowing access to new therapies to an increasing number of patients, it would in fact cause savings, in terms 
of financial resources, which could be re-invested in pharmaceutical innovation. Despite the reasonableness of the 
preference for the use of biosimilar formulations (or at a lower cost) for biotechnological molecules with expired patents, 
that is also confirmed by the latest update of the Aifa position paper,9 and the evidence of the obtainable economic 
benefits, the share of use of biosimilar formulations, out of the total number of molecules with a biosimilar on the market, 
remains low and with a great variability among the Italian regions.

The trend in the use of biosimilars is extremely variable among different areas in Italy. The problem of inadequate 
adherence and persistence in drug treatment is long-standing and far from a full understanding of the causes and 
possible solutions. When drugs are taken with a different degree of deviation from the prescribed regimen, situation- 
specific alterations in the risk/benefit ratio can be created, both for reduced benefit and increased risk and for both 
conditions.

The EULAR RA management recommendations represent a step forward and the real “game changer” will be 
intercepting what happens before the diagnosis, finding indicators that allow information to be extracted from the same 
administrative databases: Diagnostic Algorithm for RA patient of ATS Pavia can be improved, by following the EULAR 
recommendations for the management of RA.19,20

Our project could solve the problem of diagnosis reconsidering the use of the Diagnostic Algorithm for RA patient of 
ATS Pavia: this could help doctors quickly identifying the patient that needs treatment, consequentially improving quality 
of life (given the highly disabling pathology). In front of the availability of expensive new therapies, as well as the 
growing demand for health by the population, health expenditure faces an obstacle in the limited scope of available 
resources. If the diagnosis comes late, the treatment is inappropriate: early diagnosis is a determining factor and it would 
be able to produce, with a timely therapeutic intervention, a human, social and economic advantage for rheumatology 
patients.

Some specific indicators could be using glucocorticoids in the period (months) before diagnosis (incorrect 
practice); increasing use of NSAIDs; time that elapsed between starting therapy with MTX or hydroxychloroquine 
and switch to biological disease-modifying antirheumatic drugs (bDMARDs); determine treatment modification 
times and people who stop being in treatment because they decided to leave; the execution of some instrumental 
tests prior to the diagnosis. Then, starting from the diagnosis, an optimization of the course of treatment could 
include using of b-DMARDs (beyond the use of conventional synthetic DMARDs), for which biosimilars are 
available, other biologics are available on the market, with different therapeutic targets: it is therefore important 
to understand which drug to initiate the patient and what are the indicators that make it possible to identify whether 
a specific biologic drug strategy is the most appropriate for the specific case); adherence to b-DMARDs; monitoring 
by performing laboratory tests.19,20 The issue is therefore both organizational and cultural: this is because it is 
necessary to know the evolution of the disease, the existing therapeutic options and, finally, the access opportunities 
to a biosimilar drug.

Conclusions
Primary analysis was based on the differential in the health resource consumption, in the rheumatology patient treatment, 
in case he was given an off-patent originator biological drug as well as he was treated with a biosimilar, and on the 
analysis of the respective adherence: this was for the dual purpose of having a full view, capable to identify the costs of 
therapy, and in order to extract more specific information in the treated population. Despite limitations of the exclusive 
use of health administrative data, the result of the analysis is that a lot of patients who may be using biosimilar drugs 
cannot actually access it.

Disclosure
Professor Serena Bugatti reports personal fees from AbbVie, Bristol Myers Squibb, Eli Lilly, and Galapagos; grants, 
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