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Abstract

Background Biologicals are important treatment options

for various chronic diseases. After the introduction of the

first biosimilars, animated debate arose in the scientific

community about the actual benefit–risk profile of these

drugs. In this context, a comparative safety evaluation of

biologicals and biosimilars in clinical practice is warranted.

Methods We identified all suspected adverse drug reactions

(ADRs) concerning biological/biosimilars (excluding vac-

cines, toxins, blood derivatives, and radio-pharmaceuticals),

and further classified them into mechanistic classes. We

described the frequency of biological/biosimilar class- and

compound-specific ADRs by system organ class (SOC) and

type of reporter. We also separately explored the traceability

of biologicals and biosimilar-related ADR reports.

Results Overall 171,201 ADR reports were collected

during the observation period; 9,601 (5.6 %) of these

concerned biologicals. Biological-related reports were

mainly issued by hospital-based physicians (78.7 %). Most

of these reports involved monoclonal antibodies and fusion

proteins (66.3 %). Reported ADRs were mainly ‘skin and

subcutaneous tissue disorders’ (21 %), ‘general and

administration site disorders’ (17 %), and ‘gastrointestinal

disorders’ (13.6 %). In terms of traceability, 94.8 % of

biological-related reports included an identifiable product

name, whilst only 8.6 % indicated the corresponding batch

number. Regarding biosimilars, 298 reports were identi-

fied, with a low proportion indicating drug ineffectiveness

(10.1 %).

Conclusions Most ADRs attributed to biologicals are ‘skin

and subcutaneous tissue disorders’. Anticancer monoclonal

antibodies are most frequently associated with ADRs. A low

proportion of ADR reports concern biosimilars.

Key Points

Biological drugs have substantial differences in the

safety profile as compared with non-biological drugs.

Traceability of biological drugs, including

biosimilars, requires further improvement in the

spontaneous reporting databases with respect to

information on batch number.

Spontaneous reporting databases represent a useful

source to evaluate the safety profile and detect

emerging safety signals for different classes of

biological drugs.

1 Introduction

A biological medicinal product is a product in which the

active material is a biological substance. A biological sub-

stance is one that is produced by or extracted from a bio-

logical source, such as micro-organisms, organs and tissues
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of either plant or animal origin, cells or fluids (including

blood or plasma) of human or animal origin, or biotech-

nological cell constructs (cell substrates, whether they are

recombinant or not, including primary cells) and for which a

combination of physico-chemical-biological testing and the

production process and its control is needed for its char-

acterization and the determination of its quality [1].

These drugs have dramatically changed the treatment of

important chronic and severe diseases, such as rheumatoid

arthritis and some types of cancer.

Biologicals are larger, more complex molecules than

traditional chemically synthesized small molecules. Only

living organisms are able to produce such complex mole-

cules. Their complexity, as well as the way in which they

are synthesized, may result in a degree of variability in

molecules of the same active substance, particularly across

different batches of the medicine [2].

Most commercially available biologicals are derived

from recombinant DNA and hybridoma technologies,

which enable the large-scale production of biologicals.

Several safety issues, such as the risk of infection, malig-

nancy, or administration reactions, may arise during ther-

apy with many biological medicines.

Biologicals can also trigger immune responses/immu-

nogenicity through the production of anti-drug antibodies.

Other particular adverse effects are specifically associated

with individual biological agents as a result of their

mechanism of action involving selected targets [3, 4].

Although randomized, controlled trials provide pre-

liminary clinically relevant information about major risks

of newly marketed therapeutic agents, particularly biolog-

icals, post-marketing data are necessary to gain a better

insight into the drug safety profile in routine clinical care.

Consequently, it is important to study the safety profile of

biological products, including in comparison with chemical

entities, by exploring national spontaneous reporting

databases.

For suspected adverse reactions relating to biological

medicinal products, the definite identification of the prod-

uct concerned with regard to its manufacturing is of par-

ticular importance. As a consequence, and to support

pharmacovigilance monitoring, the specific biological

medicinal product given to the patient should be clearly

identified in the adverse drug reaction (ADR) reports.

According to new European legislation, all appropriate

measures should be taken to clearly identify the name of

the biological product and the batch number [5].

A few years after the expiry of the patents for some

biologicals, biosimilars are introduced into the market.

Biosimilars are highly similar, but not identical, to the

reference product, without any clinically meaningful dif-

ferences in terms of the quality, safety, and potency of the

product. However, clinicians have expressed major

concerns about comparative benefit–risk profiles as well as

interchangeability of biosimilars and reference products.

By 2020, the patents for most of the ‘blockbuster’ bio-

logicals will have expired. Widespread use of biosimilars

may substantially decrease expenditure on biologicals, thus

contributing to the sustainability of the national health

systems [6].

In this context, comparative safety evaluation of bio-

logicals and biosimilars in real-world clinical practice is

needed. To date, published data from national/international

spontaneous reporting systems (SRSs) about the safety of

biological and biosimilars are limited, and none of the

available studies were carried out in Italy [7, 8].

The aim of this study is to provide an overview of the

safety regarding biologicals and biosimilars using the data

from the Italian SRS.

2 Methods

2.1 Data Source

The national SRS database is managed by the Italian

Medicines Agency (AIFA) and contains all spontaneous

reports of suspected ADRs that have been sent by con-

sumers and all healthcare professionals practicing in Italy

since January 2001. Drugs implicated in the ADRs are

categorized according to the anatomical therapeutic

chemical (ATC) classification. Suspected ADRs are coded

according to the Medical Dictionary for Regulatory

Activities (MedDRA�).

In the Italian SRS, a procedure has been put in place to

automatically detect duplicate cases during data entry. An

individual case is identified as a duplicate of another

individual case previously submitted on the basis of

patient’s initials, age, sex, suspected medicinal products,

adverse reactions, and date of onset.

For this study, we selected and analyzed ADR reports

that included at least one biological/biosimilar drug during

the period 1 January 2001–30 June 2013. We included in

the study ADR reports with a certain, probable, or possible

causality assessment, according to the Naranjo algorithm.

2.2 Biological Medicines

We compiled a list of biological products based on a pre-

vious study [8]. Biological products were further classified

into the following mechanistic classes: (1) monoclonal

antibodies and fusion proteins; (2) cytokines and antago-

nists; (3) enzymes and coagulation factors; and (4)

recombinant hormones. Vaccines, toxins, blood deriva-

tives, and radio-pharmaceuticals were excluded from the

analysis.
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From this list, we extracted for our analysis the fol-

lowing biological drugs that are currently marketed in

Italy:

1. Recombinant hormones: Insulins and analogs for injec-

tion (ATC: A10A), liraglutide (ATC: A10BX07),

gonadotropins (ATC: G03A), somatropin (ATC:

H01AC01), mecasermin (ATC: H01AC03), somato-

statin and analogs (ATC: H01CB), pegvisomant (ATC:

H01AX01), glucagon (ATC: H04AA01), teriparatide

(ATC: H05AA02), thyrotropin alfa (ATC: H01AB01).

2. Enzymes and coagulation factors: alimentary tract and

metabolism enzymes (ATC: A16AB), alteplase (ATC:

B01AD02), reteplase (ATC: B01AD07), tenecteplase

(ATC: B01AD11), lepirudin (ATC: B01AE02), blood

coagulation factors (ATC: B02BD), romiplostim

(ATC: B02BX04), pegloticase (ATC: M04AX02),

bone morphogenetic proteins (ATC: M05BC), colla-

genase clostridium histolyticum (ATC: M09AB02),

dornase alfa (ATC: R05CB13), rasburicase (ATC:

V03AF07), palifermin (ATC: V03AF08).

3. Citokines and antagonists: erythropoietins (ATC:

B03XA), colony-stimulating factors (ATC: L03AA),

interferons (ATC: L03AB), aldesleukin (ATC:

L03AC01).

4. Monoclonal antibodies and chimeras with recombinant

immunoglobulin (Ig) parts: abciximab (ATC:

B01AC13), antineoplastic monoclonal antibodies

(ATC: L01XC), tasonermin (ATC: L03AX11), natal-

izumab (ATC: L04AA23), abatacept (ATC:

L04AA24), eculizumab (ATC: L04AA25), belimumab

(ATC: L04AA26), tumor necrosis factor (TNF) alpha

inhibitors (ATC: L04AB), interleukin inhibitors (ATC:

L04AC), denosumab (ATC: M05BX04), omalizumab

(ATC: R03DX05), ranibizumab (ATC: S01LA04).

Biosimilars are currently available in Italy for only three

biological products: epoetin alfa, filgrastim, and somatro-

pin. The biosimilars are distinguished by the corresponding

reference products looking at the unique Italian national

drug code (AIC).

All ADR reports concerning drugs other than biologi-

cals/biosimilars were used as reference group.

2.3 Data Analysis

Frequency analyses were conducted to separately explore

the main characteristics of the ADR reports concerning

biologicals and biosimilars versus non-biological drugs.

ADR reports for biologicals/biosimilars were analyzed as a

whole as well as by mechanistic class and individual

compounds. In particular, the frequency of type of reporter,

ADR seriousness (i.e. fatal, leading to hospitalization, life-

threatening), the age and sex distribution of patients

affected by the ADR, and the temporal trend in ADR

reporting were analyzed.

A comparison of suspected ADRs reported for each

biological product of the five mechanistic classes was

calculated both overall and by system organ class (SOC).

The chi-squared test was used to perform a statistical

comparison of the distribution of ADR reports by SOC

between biologicals and non-biologicals; differences with

p values \0.05 were considered statistically significant.

We further examined the traceability of biologicals and

biosimilars by exploring the frequency of availability of the

product name and batch numbers in the ADR reports.

3 Results

Overall, 171,201 ADR reports were collected in the Italian

SRS during the period January 2001–June 2013. Of these,

9,601 (5.6 %) were related to biologicals and 161,600 were

reported for all other drugs (the reference group). Vaccines,

toxins, blood derivatives, and radio-pharmaceuticals were

excluded from the analysis. When the Naranjo algorithm

was applied, the majority of biological-related reports had

a possible or probable causal relationship, whilst 20 reports

had a score [9 (certain causality). The biological-related

reports with an ‘unlikely’ causal relationship (n = 39)

were not included in the analysis.

The mean age of patients with a biological-related ADR

was higher than those with non-biological ADR reports

(57.0 ± 16.3 vs. 49.5 ± 26.0 years) (see Table 1). Two-

thirds of ADR reports for biologicals were collected during

the period 1 January 2010–30 June 2013. Serious ADRs

accounted for 37.8 % (n = 3,629; 155 [4.3 %] fatal cases)

of total biological-related reports and 29.5 % (n = 47,736)

of non-biological-related reports.

ADRs for biologicals were more frequently reported by

hospital-based physicians (78.7 %), while the contribution

of these clinicians for non-biological-related ADR report-

ing was lower (49.0 %), even though this increased when

serious ADR reports were specifically analyzed (68.4 %).

On the other hand, general practitioners accounted for

16.9 % of non-biological-related ADR reports and much

less for those concerning biologicals (2.0 %) (see Fig. 1).

Overall, the 9,601 biological-related reports included

13,611 single ADRs (1.4 ADRs per report), whilst the

reports concerning the reference group contained 195,256

suspected ADRs (1.2 ADRs per report).

A higher, statistically significant rate of biological-

related reports compared with those for non-biologicals

was mostly found for ‘blood and lymphatic system disor-

ders’, ‘infections and infestations’, ‘cardiac disorders’,

‘endocrine disorders’, ‘general disorders and administra-

tion site conditions’, ‘metabolism and nutrition disorders’,
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‘neoplasms benign, malignant and unspecified (including

cysts and polyps)’, ‘respiratory, thoracic and mediastinal

disorders’, and ‘vascular disorders’ (p \ 0.001). Interest-

ingly, significantly higher reporting in favor of biologicals

was also observed for the SOC ‘pregnancy, puerperium and

perinatal conditions’ (p \ 0.05) (see Table 2).

The safety profile of biologicals was studied in more

detail by stratifying by mechanistic classes (see Table 3):

6,362 reports (66.3 %) were associated with monoclonal

antibodies and fusion proteins, 1,650 (17.2 %) with cyto-

kines and antagonists, 1,365 (14.2 %) with recombinant

hormones, 231 (2.4 %) with enzymes and coagulation

factors. Antibodies and fusion proteins were mainly asso-

ciated with cutaneous reactions; cytokines and antagonists

with blood and lymphatic system disorders; enzymes and

coagulation factors with skin reactions; and hormones with

metabolism and nutrition disorders. Neoplasms, infections,

and immune system disorders were more frequently

reported with monoclonal antibodies.

Concerning therapeutic classes, two-thirds of all ADR

reports involved anti-cancer monoclonal antibodies

(n = 4,127; 43 %), TNF-alpha inhibitors (n = 1,175;

12.2 %), and interferons (n = 1,150; 12 %). The individ-

ual biological agents most frequently implicated in ADRs

were bevacizumab (n = 1,295; 13.5 %), cetuximab

(n = 1,190; 12.4 %), and rituximab (n = 985; 10.3 %).

Looking at individual compounds and SOCs, ‘neo-

plasms’ (n = 219) were mainly reported for etanercept

(n = 76; 34.7 %), adalimumab (n = 63; 28,8 %) and na-

talizumab (n = 24; 11 %); among 888 reports of ‘infec-

tions’, 20.0 % were attributed to cetuximab (n = 178),

13.7 % to etanercept (n = 122), and 10.6 % to ada-

limumab (n = 94); ‘metabolic disorders’ (n = 827) (e.g.

hypoglycemia) were mainly reported for insulin glargine

(n = 551; 66.6 %); and ‘vascular disorders’ (n = 714) for

bevacizumab (n = 301, 42.2 %). Most cases of ‘endocrine

disorders’ (n = 52) were related to thyroid disorders and
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Fig. 1 Distribution of adverse

drug reaction (%) reports of

biologicals by type of reporter.

Others = lawyers,

pharmaceutical companies;

other healthcare professionals:

nurses, dentistry, and family

pediatricians

Table 1 Description of adverse drug reaction reports of biologicals

vs. non-biologicals in the Italian spontaneous reporting system

database

Biologicals Non-biologicals

N = 9,601 (%) N = 161,600 (%)

Mean age ± SD 57.0 ± 16.3 49.5 ± 26.0

Age categories (years)

\18 199 (2.1) 29,561 (18.3)

18–45 2,036 (21.2) 32,403 (20.1)

46–65 4,061 (42.3) 43,356 (26.8)

[65 3,295 (34.3) 55,880 (34.6)

Missing value 10 (0.1) 400 (0.2)

Sex

Females 5,217 (54.3) 92,542 (57.3)

Males 4,365 (45.5) 68,535 (42.4)

Missing value 19 (0.2) 523 (0.3)

Serious ADR reportsa 3,629 (37.8) 47,736 (29.5)

Year of reporting

2001–2003 360 (3.7) 22,809 (14.1)

2004–2006 518 (5.4) 18,253 (11.3)

2007–2009 2,303 (24.0) 33,981 (21.0)

2010–2013 6,420 (66.9) 86,557 (53.6)

ADR adverse drug reaction, SD standard deviation
a Serious ADR: adverse reaction that results in death, is life-threat-

ening, requires in-patient hospitalization or prolongation of existing

hospitalization, results in persistent or significant disability or inca-

pacity, or is a congenital anomaly/birth defect
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were attributed to interferons (n = 48; 92.3 %). ‘Preg-

nancy, puerperium and perinatal conditions’ included 12

cases of spontaneous abortion, most of which were related

to natalizumab and interferons.

3.1 Biosimilars

Concerning biologicals with an expired patent, 298

reports (3.1 % of total biological-related reports) were

identified. Among these, 124 (41.6 %) concerned fil-

grastim, 69 (23.2 %) somatropin, and 105 (35.2 %)

epoetin alfa. Specifically, 135 reports were related to

biosimilars (45.3 %), and 160 reports (53.7 %) con-

cerned originator drugs; three reports were not assess-

able because the trade name of the drug substance was

not specified.

Stratifying data for these drugs by type of reporter, most

of the ADR reports related to innovators and biosimilars

were sent by hospital-based physicians (71.9 % for inno-

vators, 79.3 % for biosimilars), in line with general results.

Pharmaceutical companies had reported some cases related

to biosimilars (8.1 % of the total 135 reports), but not for

innovators, whilst specialists’ reporting was slightly higher

for innovators (14.4 %) than biosimilars (8.9 %) (data not

shown).

A comparison of the nature of the suspected ADRs

stratified by SOCs reported for biosimilar products and

innovators of the three biologicals with an expired patent

(filgrastim, epoetin alfa, somatropin) showed no relevant

differences between the suspected ADRs reported in the

two groups (see Table 4). Higher, statistically significant

rates were found for ‘blood and lymphatic system

Table 2 Distribution of reports of adverse drug reactions related to biologicals vs. non-biologicals by system organ class according to

MedDRA�a

System organ class Biologicals Non-biologicals p valueb

N = 9,601 (%) N = 161,600 (%)

Blood and lymphatic system disorders 1,118 (11.6) 7,936 (4.9) \0.0001

Cardiac disorders 431 (4.5) 5,520 (3.4) \0.0001

Congenital, familial, and genetic disorders 12 (0.1) 121 (0.1) 0.086

Ear and labyrinth disorders 111 (1.2) 2,839 (1.8) \0.0001

Endocrine disorders 52 (0.5) 452 (0.3) \0.0001

Eye disorders 245 (2.6) 4,666 (2.9) 0.055

Gastrointestinal disorders 1,310 (13.6) 28,091 (17.4) \0.0001

General disorders and administration site conditions 1,635 (17.0) 18,264 (11.3) \0.0001

Hepatobiliary disorders 134 (1.4) 2,853 (1.8) 0.007

Immune system disorders 148 (1.5) 3,039 (1.9) 0.017

Infections and infestations 888 (9.2) 2,624 (1.6) \0.0001

Injury, poisoning, and procedural complications 125 (1.3) 1,901 (1.2) 0.27

Investigations 450 (4.7) 6,899 (4.3) 0.05

Metabolism and nutrition disorders 827 (8.6) 3,890 (2.4) \0.0001

Musculoskeletal and connective tissue disorders 424 (4.4) 7,651 (4.7) 0.15

Neoplasms benign, malignant, and unspecified (including cysts and polyps) 219 (2.3) 410 (0.3) \0.0001

Nervous system disorders 1,134 (11.8) 17,336 (10.7) 0.0008

Pregnancy, puerperium, and perinatal conditions 13 (0.1) 100 (0.1) 0.006

Psychiatric disorders 267 (2.8) 6,631 (4.1) \0.0001

Renal and urinary disorders 219 (2.3) 3,204 (2.0) 0.042

Reproductive system and breast disorders 63 (0.7) 1,672 (1.0) 0.0003

Respiratory, thoracic, and mediastinal disorders 1,038 (10.8) 15,345 (9.5) \0.0001

Skin and subcutaneous tissue disorders 2,015 (21.0) 45,817 (28.4) \0.0001

Social circumstances 5 (0.1) 31 (0.02) 0.030

Surgical and medical procedures 14 (0.1) 127 (0.1) 0.025

Vascular disorders 714 (7.4) 7,837 (4.8) \0.0001

ADR adverse drug reaction, SOC system organ class
a For each SOC, the number of reports with at least one ADR related to the SOC are reported. The sum of the distribution of reports of ADRs by

SOC (%) is higher than the total number of reports, since a single report could contain ADRs related to more than one SOC
b Chi-squared test
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disorders’, ‘skin and subcutaneous tissue disorders’, and

‘neoplasms’ for innovator drugs, and ‘musculoskeletal and

connective tissue disorders’ for biosimilar products. How-

ever, the small number of reports does not allow us to draw

firm conclusions.

Out of the total 298 reports, 30 (10.1 %) concerned

drug ineffectiveness (epoetin alfa 16 and filgrastim 14).

By independently applying the Naranjo algorithm

through case-by-case revision of therapeutic failures of

epoetin alfa, 12 were assessed as possible and four as

probable. For filgrastim, ten reports were assessed as

possible and four as probable. However, most of the

therapeutic failure reports did not contain enough clin-

ical information for an accurate evaluation of causality

assessment (e.g. complete laboratory tests, doses, and

concomitant drugs).

3.2 Traceability of Biological Products

Traceability of biologicals was evaluated on the basis of

the presence of the batch number and the brand name of the

suspect drugs in the reports (see Fig. 2). Overall, an iden-

tifiable brand name was indicated in 94.8 % of biological-

related reports, whilst batch number was present in only

8.6 % of the reports. A higher level of completeness was

available for those biologicals with expired patent (brand

name of the product present in 98.7 % of reports; batch

number in 13.4 %).

Table 3 Comparison of suspected adverse drug reactions reported for different mechanistic classes of biologicals, stratified by system organ

class according to MedDRA�a

System organ class Antibodies and

fusion proteins

Cytokines and

antagonists

Enzymes and

coagulation factors

Hormones

N = 6,362 (%) N = 1,650 (%) N = 231 (%) N = 1,365 (%)

Blood and lymphatic system disorders 694 (10.9) 391 (23.7) 11 (4.8) 12 (0.9)

Cardiac disorders 317 (5.0) 60 (3.6) 25 (10.8) 29 (2.1)

Congenital, familial, and genetic disorders 7 (0.1) 4 (0.2) – 1 (0.1)

Ear and labyrinth disorders 59 (0.9) 25 (1.5) 4 (1.7) 23 (1.7)

Endocrine disorders 4 (0.1) 47 (2.8) – 1 (0.1)

Eye disorders 175 (2.8) 49 (3.0) 9 (3.9) 12 (0.8)

Gastrointestinal disorders 895 (14.1) 146 (8.8) 34 (14.7) 236 (17.3)

General disorders and administration site conditions 1,050 (16.5) 353 (21.4) 62 (26.8) 171 (12.5)

Hepatobiliary disorders 88 (1.4) 37 (2.2) 1 (0.4) 8 (0.6)

Immune system disorders 117 (1.8) 14 (0.8) 8 (3.5) 9 (0.6)

Infections and infestations 804 (12.6) 71 (4.3) 1 (0.4) 12 (0.9)

Injury, poisoning, and procedural complications 86 (1.4) 10 (0.6) 3 (1.3) 26 (1.9)

Investigations 303 (4.8) 107 (6.5) 18 (7.8) 22 (1.6)

Metabolism and nutrition disorders 99 (1.6) 41 (2.5) – 687 (50.3)

Musculoskeletal and connective tissue disorders 210 (3.3) 152 (9.2) 15 (6.5) 48 (3.5)

Neoplasms benign, malignant, and unspecified

(including cysts and polyps)

192 (3.0) 15 (0.9) 2 (0.9) 11 (0.8)

Nervous system disorders 644 (10.1) 180 (10.9) 45 (19.5) 265 (19.4)

Pregnancy, puerperium, and perinatal conditions 17 (0.3) 4 (0.2) 4 (1.7) –

Psychiatric disorders 60 (0.9) 98 (5.9) 5 (2.2) 104 (7.6)

Renal and urinary disorders 171 (2.7) 26 (1.6) 3 (1.3) 19 (1.4)

Reproductive system and breast disorders 44 (0.7) 10 (0.6) 1 (0.4) 8 (0.6)

Respiratory, thoracic, and mediastinal disorders 850 (13.4) 126 (7.6) 37 (16.0) 25 (1.8)

Skin and subcutaneous tissue disorders 1,521 (23.9) 275 (16.7) 62 (26.8) 159 (11.6)

Social circumstances 2 (0.03) 3 (0.2) – –

Surgical and medical procedures 6 (0.1) 5 (0.3) 2 (0.9) 1 (0.1)

Vascular disorders 597 (9.4) 62 (3.8) 30 (13.0) 26 (1.9)

ADR adverse drug reaction, SOC system organ class
a For each SOC, the number of reports with at least one ADR related to the SOC are reported. The sum of the distribution of reports of ADRs by

SOC (%) is higher than the total number of reports, since a single report could contain ADRs related to more than one SOC; some reports

included more than one drug belonging to different mechanistic classes
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4 Discussion

To our knowledge, the present study was the first Italian

analysis aimed at exploring the safety of biologicals using

the national SRS database. Our data showed that approxi-

mately 6 % of all ADR reports collected by the Italian SRS

concerned biologicals, with a growing trend during recent

years. More than two-thirds of biological-related ADR

reports were collected in the period 2010–2013. In addi-

tion, as a result of the Directive 2010/84/EC promoting

intensive monitoring of biological products, which came

into force in Italy in July 2012, the number of biological-

related ADR reports is expected to substantially increase in

the next few years. This is in line with the 25.8 % increase

in the total number of biological-related reports collected in

the period July 2012–June 2013 compared with the previ-

ous year.

Patients treated with biologicals who experienced a

reported ADR were older than patients with ADRs related

to non-biological drugs. This result differs from those of

another study published in 2010 concerning pharmaco-

vigilance of biologicals in Vigibase [7], in which patients

treated with biologicals were younger than patients with

ADRs related to the reference group of non-biological

drugs.

The percentage of serious ADRs is higher for biologi-

cals than for the reference group (37.8 vs. 29.5 %). This

finding may be because most of the biologicals are used for

8.6

94.8

13.4

98.7

0

10

20

30

40

50

60

70

80

90

100

Batch number Brand name

Biologicals

Biologicals for which patents had
expired (filgrastim, epoetin alfa,
somatropin)

Fig. 2 Traceability of biologicals in the Italian spontaneous reporting

database, measured by the availability of brand name and batch number

Table 4 Comparison of

suspected adverse drug

reactions reported for

biosimilars and innovators

concerning the three biologicals

with an expired patent

(filgrastim, epoetin alfa,

somatropin) by system organ

class, according to MedDRA�a

ADR adverse drug reaction, NE

not evaluable, SOC system

organ class
a For each SOC, the number of

reports with at least one ADR

related to the SOC are reported.

The sum of the distribution of

reports of ADRs by SOC (%) is

higher than the total number of

reports, since a single report

could contain ADRs related to

more than one SOC
b Chi-squared test

System organ class Biosimilars Innovators p valueb

N = 135 (%) N = 160 (%)

Blood and lymphatic system disorders 10 (7.4) 25 (15.6) 0.02

Cardiac disorders 6 (4.4) 2 (1.3) 0.09

Congenital, familial, and genetic disorders – 1 (0.6) NE

Ear and labyrinth disorders 3 (2.2) 3 (1.9) 0.8

Endocrine disorders – 1 (0.6) NE

Eye disorders 4 (3) 6 (3.8) 0.7

Gastrointestinal disorders 17 (12.6) 15 (9.4) 0.3

General disorders and administration site conditions 64 (47.4) 27 (16.9) 1.5

Immune system disorders 1 (0.7) 3 (1.9) 0.4

Infections and infestations – 1 (0.6) NE

Investigations 10 (7.4) 7 (4.4) 0.2

Metabolism and nutrition disorders 3 (2.2) 5 (3.1) 0.6

Musculoskeletal and connective tissue disorders 35 (25.9) 22 (13.8) 0.008

Neoplasms benign, malignant, and unspecified

(including cysts and polyps)

1 (0.7) 19 (11.9) 0.0001

Nervous system disorders 18 (13.3) 20 (12.5) 0.8

Psychiatric disorders 4 (3) 2 (1.3) 0.3

Renal and urinary disorders 1 (0.7) – NE

Reproductive system and breast disorders 1 (0.7) 3 (1.9) 0.4

Respiratory, thoracic, and mediastinal disorders 14 (10.4) 13 (8.1) 0.5

Skin and subcutaneous tissue disorders 18 (13.3) 36 (22.5) 0.04

Social circumstances 1 (0.7) – NE

Vascular disorders 9 (6.7) 5 (3.1) 0.15
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the treatment of severe diseases or disabling conditions,

thus influencing the severity of the reported ADRs. In

addition, our study showed that 78.7 % of the total bio-

logical-related reports were submitted by hospital-based

physicians. Specialists play a key role in the pharmaco-

vigilance of these products, as most biologicals are pre-

scribed and monitored in the hospital setting. On the other

hand, our data showed that general practitioners (2.0 %)

and pharmacists (6.5 %) played a minor role in collecting

ADR reports of biologicals. Strategies to incentivize the

active involvement of consumers as well as other health-

care professionals (e.g. pharmacists and general practitio-

ners) in ADR reporting concerning biologicals/biosimilars

should be implemented in routine care.

In the present study, about two-thirds of all ADR reports

involved anti-cancer monoclonal antibodies, TNF-alpha

inhibitors, and interferons. The most frequently implicated

biological agents were bevacizumab, cetuximab, and rit-

uximab. Even this result differs from the analysis of Vig-

ibase reported by Giezen et al. [7], in which the most

reported active substances until 2008 were etanercept,

infliximab, and adalimumab. This difference may suggest

that the pharmacovigilance of biologicals is dynamic,

continuously adapting to new emerging safety issues that

are also influenced by drug consumption trends. In addi-

tion, as early as 2006, the Italian Medicines Agency

implemented registry-based monitoring mainly for anti-

cancer biologicals and later, also for other innovative

biotechnological drugs used in the therapy of diseases such

as psoriasis and rheumatoid arthritis. This may have sub-

stantially facilitated ADR reporting in recent years for

these drug classes.

Our analysis confirmed that the safety profile for bio-

logicals differs from that for non-biological products and,

additionally, showed that substantial differences exist

across various mechanistic classes of biologicals.

Most of the ADRs attributed to biologicals are ‘skin and

subcutaneous tissue disorders’, and, of these, antibodies

and fusion proteins were more frequently reported than

other mechanistic classes. According to previous pharma-

covigilance studies [3, 7], adverse systemic disorders and

administration site reactions, infections, and tumors were

significantly associated with the use of biologicals. In our

analysis, reporting of ‘general disorders and administration

site conditions’, ‘infections’ and ‘neoplasms’ was more

likely with biologicals than with non-biologicals. ‘Neo-

plasms’ were particularly related with anti-TNF-alpha

agents, etanercept, and adalimumab.

Biologicals are mainly administered intravenously,

which explains why these drugs are frequently associated

with infusion-related reactions.

It is well known that serious infections are the most

important risks associated with anti-TNF-alpha therapy. In

several clinical studies [9, 10], a significant increase in

serious infections in patients treated with these drugs has

been reported. In addition, post-marketing literature data

highlight the risk of developing lymphomas, leukemia, or

other malignancies in users of anti-TNF-alpha agents [11].

Suspected ADRs related to the SOC ‘pregnancy, puerperium

and perinatal conditions’ were significantly higher for bio-

logicals than for non-biological drugs. These reports inclu-

ded 12 cases of spontaneous abortion, most of which were

related to natalizumab and interferons. The published liter-

ature includes some reports of spontaneous abortion, mainly

due to exposure to interferons [12, 13], thus highlighting that

the effect of biological use in pregnant women requires

further investigation. Few data are available regarding na-

talizumab use in pregnancy. A case series of 277 exposed

pregnancies to mothers with multiple sclerosis found 31

spontaneous abortions and 23 congenital anomalies [14].

As regards biosimilars, a low number of ADR reports

were received in the Italian SRS, in line with a low pen-

etration of these drugs in the market.

In Italy, health policy interventions regarding the man-

agement of biologicals/biosimilars interchangeability have

been defined more or less recently on a regional basis and

in line with the position paper on biosimilars that was

issued by the Italian Medicines Agency in 2013 [15]. In

particular, the Agency recommends that biosimilars should

be preferentially prescribed for treatment-naı̈ve patients.

On the other hand, interchangeability is not automatically

recommended if a patient has already been treated suc-

cessfully, irrespective of whether originators or biosimilars

were used. In any case, the decision on the drug to be

prescribed should be left to the physician.

The late implementation of health policy interventions

promoting the use of biosimilars in several regions, as well

as clinicians’ skepticism about the actual comparability of

the benefit–risk profile between the biological originator

and corresponding biosimilars, may have partly contributed

to slowing the market penetration of biosimilars in Italy in

the early post-authorization phases.

In a general population of Southern Italy, only around

2 % of epoetin users received a biosimilar during the years

2010–2011 [16]. The Italian national report on medicine

use showed that epoetin biosimilars accounted only for

around 10 % of total epoetin consumption (measured as

defined daily dose per 1,000 inhabitants per day) in 2012;

this proportion was twice that of the previous year [17].

More recently, a progressively increasing use of biosimi-

lars has been documented in Italy, as reported in the 2013

Italian national report on drug use [18]. A larger number of

reports for biosimilars are thus expected in future years due

to healthcare policies promoting widespread use of these

less costly drugs, which may contribute to the sustainability

of the healthcare system.
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Interestingly, 10 % of ADR reports for biosimilars

indicate drug ineffectiveness. This finding, in our opinion,

should be interpreted cautiously in light of the limited

clinical information available in the reports to substantiate

the association between drugs and ineffectiveness.

In general, SRSs can hardly be used for assessing the

effectiveness of a product because of the interference of

several uncontrolled variables, including the clinical char-

acteristics of the drug or the individual patient’s response

to the effects of the drug. Furthermore, patterns of sus-

pected stimulated reporting could be identified in sponta-

neous reporting databases, related for instance to business

competition, prescriber’s skepticism, or healthcare policies

focused on implementing biosimilar prescriptions [19].

This makes the evaluation of therapeutic failure reports

difficult. On the other hand, spontaneous reports may help

in identifying cases of therapeutic ineffectiveness due to

pharmaceutical defects or drug interactions.

In general, the quality of biological products depends

strictly on their manufacturing process. Therefore, careful

monitoring of the safety of biologicals for each specific

batch and brand name is needed in clinical practice. Con-

sequently, to ensure traceability and robust post-marketing

assessment of biological products, European regulatory

authorities encourage clinicians to report ADRs concerning

biological products by specifying the exact brand name and

batch number [20].

In the Italian SRS, almost all biological-related reports

indicated the brand name of the product, while only a few

also contained the batch number. A previous study found

that the batch number was present in a higher percentage

(21.1 % reports) of biopharmaceutical-ADR reports from

EudraVigilance [8]. In our study, ADR reports for bio-

logicals whose patent had expired were more complete. A

similar pattern was seen in EudraVigilance [8].

To enable the identification of safety problems at an early

stage, traceability of the biologicals implicated in the ADRs

should be promoted, stimulating ADR reporters to also

register data on the batch numbers [3]. Accurate batch

traceability is pivotal for the identification of any batch-

related ADR problems with biologicals, e.g. pathogen-

contaminated batches [21] or other host cell impurities [22].

This study adds important information to the general

knowledge about the safety profile of biologicals. However,

several potential limitations warrant warnings. Under-

reporting of suspected ADRs is a well recognized problem

when using data from SRSs. The absence of drug exposure

data does not allow any estimation of the incidence rate of

ADRs. Another limitation is that the reporting rate can

depend on the length of time the drug was on the market and

by the frequently selective reporting of biologicals involved

in intensive ADR-monitoring projects and ad hoc pre-

scription registries (see also http://monitoraggio-farmaci.

agenziafarmaco.it/) or implicated in health policy reim-

bursement procedures that require ADR assessment.

As regards biological medicinal products, causality

assessment of spontaneous reports are potentially difficult

because these drugs are often indicated to treat severe and/

or life-threatening diseases (confounding by indication

might have influenced the results) and because of the lack

of important clinical information (i.e. missing data) for a

proper evaluation of causality. In particular, the evaluation

of causality assessment for therapeutic failure reports is

limited by the lack of relevant clinical information as well

as details about the manufacturing process. Nevertheless,

in light of the inherent limitations of the pre-marketing

randomized clinical trials in identifying all the possible

ADRs occurring during treatment with newly marketed

drugs, spontaneous reporting remains an important tool for

early detection of signals.

5 Conclusions

The study results highlight the importance of national

spontaneous reporting databases to explore the safety

profile of biologicals compared with chemical entities. We

documented substantial differences between biologicals

and non-biologicals concerning the reporting of some

serious ADRs such as infections and tumors.

In the Italian SRS, almost all biological-related reports

indicated the brand name of the product. However, the

traceability of biologicals (both originators and biosimi-

lars) through to the batch number is currently limited. As

the number of biological medicines on the market as well

as their use in clinical practice is expected to significantly

increase in the future, strategies to further increase the

traceability of biological drugs at batch level are needed.
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