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Abstract

Background Adverse drug reactions (ADRs) of biophar-

maceuticals can be batch or product specific, resulting from

small differences in the manufacturing process. Detailed

exposure information should be readily available in sys-

tems for postmarketing safety surveillance of biopharma-

ceuticals, including spontaneous reporting systems (SRSs),

in which reports of ADRs are collected.

Objective The aim of this study was to explore the cur-

rent status of traceability of biopharmaceuticals in the US

and the EU up to patient level in SRSs.

Design and Setting A cross-sectional study was con-

ducted over the period 2004–2010, including ADR reports

from two major SRSs: the FDA Adverse Event Reporting

System (FAERS) in the US and EudraVigilance (EV) in

the EU.

Main Outcome Measures The availability of batch num-

bers was determined for biopharmaceuticals, and compared

with small molecule drugs. For biopharmaceuticals for

which a biosimilar has been approved for marketing in the

EU, the identifiability of the product (i.e. the possibility of

distinguishing the biosimilar from the reference biophar-

maceutical) was determined.

Results A total of 2,028,600 unique ADR reports were

identified in the FAERS, reporting a total of 591,380 bio-

pharmaceuticals (of which 487,065 were suspected). In EV

there were 2,108,742 unique ADR reports, reporting a total

of 439,971 biopharmaceuticals (356,293 suspected).

Overall, for 24.0 % of the suspected biopharmaceuticals in

the FAERS and 7.4 % of the suspected small molecule

drugs (p \ 0.001) batch numbers were available. A similar

pattern was seen in EV: for 21.1 % of the suspected bio-

pharmaceuticals batch numbers were available, compared

with only 3.6 % of the small molecule drugs (p \ 0.001).

In both SRSs, consumers were most likely to report a batch

number for suspected biologicals (36.3 % in the FAERS

and 40.7 % in EV). A total of 13,790 biopharmaceuticals

(9,759 suspected) for which a biosimilar has been approved

in the EU were identified in EV. For 90.4 % of these

biopharmaceuticals and 96.2 % of the suspected biophar-

maceuticals the product was clearly identifiable.

Conclusion This study underlines the need for improving

traceability of biopharmaceuticals, in particular with

respect to individual batches, allowing better identification

and monitoring of postmarketing safety issues related to

biopharmaceuticals.
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1 Background

Biopharmaceuticals provide innovative and effective ther-

apies for often severe and life-threatening diseases.

Because of their specific characteristics, biopharmaceuti-

cals have been associated with specific safety concerns, and

challenges in pharmacovigilance and risk management [1,

2]. One of the distinctive properties of biopharmaceuticals

is that the safety profile may change over time, resulting

from changes in the manufacturing or formulating process.

The unexpected increased occurrence of pure red cell

aplasia in patients treated with recombinant human eryth-

ropoietin outside the US is an example of a postmarketing

safety issue associated with such a specific characteristic of

biopharmaceuticals [3]. More than 200 cases of this rare

and severe haematological disorder have been attributed to

the altered immunogenicity of an epoetin alfa for which

formulation changes had recently been issued [4].

Biopharmaceuticals are subject to frequent manufac-

turing changes once a marketing authorization has been

granted. Although these changes are adopted to benefit

public health, e.g. by improving product properties or

product yield, alterations in the production process may

adversely impact the product quality attributes [5, 6].

Consequently, the clinical efficacy and safety, in particular

immunogenicity, may be affected. Several examples, apart

from epoetin alfa, are known whereby immunogenicity

with potentially serious clinical consequences was associ-

ated with manufacturing and/or formulation changes,

including thrombocytopenia with thrombopoietin and

neutralizing antibodies with human growth hormone [6].

To ensure patient safety, regulatory authorities in the US

and EU have adopted extensive guidance for evaluating

comparability of biopharmaceuticals pre- and postmanu-

facturing changes [7, 8]. This comparability exercise rep-

resents a challenging task for manufacturers and regulatory

authorities as there is no set of analytical techniques that

can fully describe the structural properties of the biophar-

maceutical [9]. Moreover, when substantial alterations in

the structure products are found, regulatory authorities

have the difficult task of deciding whether the identified

changes are acceptable [10], i.e. that the changes don’t

affect the clinical performance of the biopharmaceutical.

Determining therapeutic equivalence is an even more

difficult task when the whole manufacturing process of a

biopharmaceutical is redeveloped by a second manufacturer,

which is the case for biosimilars [11]. Manufacturers of

biosimilars do not have access to the manufacturing process

of the reference product since this is proprietary knowledge

[12]. Consequently, the independent development of a new

manufacturing process is likely to result in structural dif-

ferences between biosimilars and their reference products,

possibly affecting the product’s immunogenicity [13].

Recently, biosimilar development has been receiving

increasing attention due to expiring patent protection of top-

selling biopharmaceuticals [14] and the need for cutting

healthcare spending in the Western world [15]. It is already

estimated that in 2015 biosimilars will represent approximately

40 % of the total worldwide biopharmaceutical market [16].

Ensuring the traceability of biopharmaceuticals up to

batch and product level is essential in view of the risk of

batch- or product-specific adverse drug reactions (ADRs).

Detailed exposure information should be readily available

in systems for postmarketing safety surveillance of bio-

pharmaceuticals, including spontaneous reporting systems

(SRSs), in which reports of ADRs are collected. It is known

that SRS have played a pivotal role in detecting postmar-

keting safety issues for small molecule drugs in the past.

These systems could also play an essential role in detecting

and monitoring any future batch- or product-specific safety

issues of biopharmaceuticals, provided that this informa-

tion is captured. The current study therefore aims to

explore the current status of traceability of biopharma-

ceuticals in the US and the EU up to patient level in SRSs.

2 Methods

The traceability of biopharmaceuticals was studied in a

cross-sectional study over the period 2004–2010, including

spontaneous ADR reports from two major SRS: the FDA

Adverse Event Reporting System (FAERS) in the US and

EudraVigilance (EV) in the EU.

2.1 FDA Adverse Event Reporting System Data

Content and Structure

The FAERS was established in 1969 to support the post-

marketing safety surveillance of the US FDA. The FAERS

database encompasses individual case safety reports (ICSRs)

for the majority of FDA-approved medicinal products. An

ICSR is defined as the information provided by a primary

source to describe suspected ADRs related to the adminis-

tration of one or more medicinal products to an individual

patient at a particular point of time [17]. The FDA receives

ICSRs directly from consumers or healthcare professionals,

or indirectly through manufacturers, when the ADR is ini-

tially brought to their attention. Manufacturers have an

obligation to periodically report both serious and non-serious

ADRs that occurred in domestic (US) clinical practice, and

serious unexpected ADRs occurring in the US or a third

country [18, 19]. FAERS data is freely accessible under the

Freedom of Information Act, and FAERS data from

2004 onwards are directly available from the website of the

FDA (http://www.fda.gov/Drugs/InformationOnDrugs/ucm

135151.htm).
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The FDA may receive multiple ICSRs, e.g. follow-up

reports from the previous or a second reporter, referring to

the same occurrence of ADRs in the same patient on the

same time. All initial and follow-up ICSRs appear in the

FAERS. If correctly linked, follow-up reports on an initial

ICSR are identifiable in the FAERS upon identical ‘case

numbers’.

2.2 EudraVigilance Data Content and Structure

EV was established in 2001 to collect ICSRs of (serious)

ADRs to medicines licensed within the EU. ICSRs are

received indirectly through EU national competent

authorities and pharmaceutical companies. Pharmaceutical

companies have a legal obligation to report all serious

unexpected ADRs and any suspected transmission via a

medicinal product of any infectious agents occurring out-

side the EU which are brought to their attention. National

competent authorities are required to report any serious

ADR occurring within the EU [20]. EV data was obtained

through a request for access to data according to the EV

Access Policy, as data from EV has only recently become

accessible for research purposes. Recently, the European

Medicines Agency (EMA) has begun publishing suspected

ADR reports on their website to foster transparency (http://

www.adrreports.eu).

An ICSR in EV reflects the most recent and compre-

hensive information on an event of an ADR. Follow-up

ICSRs by the same reporter will automatically replace the

previous ICSR. Duplicate ICSRs from multiple reporters

are merged into ‘master cases’, containing the most com-

prehensive information from the individual ICSRs [17].

2.3 Data Extraction and Handling

All spontaneous ICSRs over the period 2004–2010 were

selected from FAERS and EV. ICSRs originating from

literature and clinical studies were not of interest as the

current study aims to describe batch and product trace-

ability in clinical practice. All literature and study ICSRs

were therefore omitted from the FAERS (n = 156,776).

Only spontaneous ICSRs were requested from EV.

All drug information from ICSRs in the FAERS refer-

ring to the same case number were merged into a single

cumulative ICSR, similar to the EV approach mentioned

above. One cumulative ICSR contains all unique drugs

reported over time within these ICSRs. Duplicate drugs

within the same ICSR were merged in EV. These steps

were undertaken to avoid duplication of data in our final

unit of analysis: one medicinal product, subject of a sus-

pected ADR report, administered to an individual patient at

a particular point of time. Figure 1 illustrates how EV and

FAERS data were processed to our unit of analysis.

The following data was subsequently extracted from all

cumulative ICSRs from EV and the FAERS: information

on name of the drug and/or active substances, batch

number, name of marketing authorization holder (EV

only), role code of the drug (see Sect. 2.4), type of reporter

and reporting date. In line with the International Confer-

ence on Harmonisation (ICH) E2B guideline, the following

reporters are distinguished: physician, pharmacist, other

health professional, lawyer and consumer. Since the

reporter on a cumulative ICSR may be non-unique (due to

duplicate reporting) a separate category was assigned for

multiple reporters.

2.4 Classification of Medicinal Products

Biopharmaceuticals were defined as protein- or nucleic-

based pharmaceutical products used for therapeutic or

in vivo diagnostic purposes [21]. Medicinal products were

classified into two groups: (i) biopharmaceuticals; and (ii)

small molecule drugs using the WHO Anatomical Thera-

peutic Chemical (ATC) classification system (http://www.

whocc.no/atc_ddd_index/; see Table S1 [Online Resource

1]). Two pharmacists confirmed the classification of the data.

Medicinal products not classifiable to either group (e.g.

verbatim data entered as ‘unspecified drug’ or ‘radiation

therapy’) were excluded. Moreover, vaccines (ATC class

J07) and whole blood or components of whole blood (ATC

class B05A) were excluded as they are subject to different

reporting requirements. The role code of the medicinal

product was recoded into suspected (classified as ‘primary

suspect’ or ‘secondary suspect’ in the FAERS or ‘suspect’ in

EV) and non-suspected (classified as ‘interacting’ or ‘con-

comitant’ in both SRSs).

2.5 Classification of Traceability

Verbatim data entered in the designated field for batch

number was recoded to a dichotomous variable describing

the availability of the batch number. Any verbatim data

entered into the designated field for batch number was

considered to be a batch number. To validate whether the

verbatim data did not contain any information referring to

the unavailability of a batch number (e.g. ‘unknown’ or

‘discarded package’), data were aggregated and carefully

reviewed. A second reviewer reviewed the determination

of the availability of batch numbers.

For biopharmaceuticals for which a biosimilar has been

approved for marketing in the EU (see Table S2 [Online

Resource 1]), the identifiability of the product in the

cumulative ICSRs in EV was determined. For this analysis

we included only ICSRs reported from the month following

the approval of the first biosimilar within that product

class: epoetin alfa, filgrastim and somatropin. Product
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names were considered identifiable when the brand name

or the international nonproprietary name (INN) plus the

name of the marketing authorization holder were available.

Products for which only the INN was available were con-

sidered non-identifiable, except for epoetin zeta, for which

product the INN differs from the innovator (epoetin alfa).

2.6 Data Analysis

Descriptive statistics were calculated as proportions to

describe the traceability of batch numbers for biopharma-

ceuticals and small molecule drugs in the FAERS and EV.

Results were further stratified by the role code of drug and

the type of reporter to identify whether proportions differed

over the different variables. For the top eight most fre-

quently reported ATC classes (see Table S1 [Online

Resource 1]) the availability of batch numbers was calcu-

lated overall, and further stratified by type of reporter

(medical doctor, pharmacist or consumer). The product

identifiability, and subsequent batch traceability, for

biopharmaceuticals for which a biosimilar has been

approved in the EU were also calculated as proportions.

Significance was tested using Chi-square statistics. All

analyses were performed using SPSS statistical software

version 18 (IBM Software, Chicago, IL, USA).

3 Results

A total of 2,028,600 and 2,108,742 cumulative ICSRs were

reported in the FAERS and EV, respectively. Within these

cumulative ICSRs, a respective total of 591,380 (from the

6,603,489) and 439,971 (from the 6,431,175) medicinal

products concerned biopharmaceuticals (see Fig. 2).

Overall, for 24.0 % of the suspected biopharmaceuti-

cals in the FAERS and 7.4 % of the suspected small

molecule drugs (p \ 0.001), batch numbers were avail-

able. A similar pattern was seen in EV: for 21.1 % of

the suspected biopharmaceuticals, batch numbers were

available, compared with only 3.6 % of the small

is 

EV FAERS

Original dataset 

Dataset for analysis 

ICSR 1, case nr i  
- Drug A 
- Drug B 
- Drug B 
- Drug C 

ICSR 2, case nr i 
- Drug A 
- Drug B 

Cumulative ICSR 1 
- Drug A 
- Drug B 
- Drug C 

ICSR 1 
- Drug A 
- Drug B 
- Drug B 
- Drug C 

Cumulative ICSR 1 
- Drug A 
- Drug B 
- Drug C 

- Drug B - Drug B unit of analysis  

Fig. 1 Processing original FAERS and EV ICSRs to cumulative ICSRs. EV EudraVigilance, FAERS FDA Adverse Event Reporting System,

ICSR Individual Case Safety Report

Original dataset Dataset for analysis 

After exclusion of duplicate data:               Classification of medicinal products:  

FAERS 2,747,361 ICSRs 2,028,600 cumulative ICSRs 5,794,537 small molecule drugs 

        10,143,467 medicinal products          6,603,489 unique medicinal products: 591,380 biopharmaceuticals 

217,572 (3.3 %) excluded/non-classifiable, 

including 4,773 blood products (B05A) 

and 3,253 vaccines (J07) 

EV 2,108,742 ICSRs 

        7,121,186 medicinal products 

2,108,742 cumulative ICSRs 

         6,431,175 unique medicinal products: 

5,630,208 small molecule drugs 

439,971 biopharmaceuticals 

360,996 (5.6 %) excluded/non-classifiable, 

including 7,397 blood products (B05A) 

and 189,978 vaccines (J07)

Fig. 2 Number of ICSRs and medicinal products in original dataset, and dataset for analysis. EV EudraVigilance, FAERS FDA Adverse Event

Reporting System, ICSR Individual Case Safety Report
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molecule drugs (p \ 0.001). The traceability of individ-

ual batches for the overall group of drugs in the FAERS

and EV, including concomitant and interacting drugs,

was less well guaranteed (see Table 1).

For the 487,065 suspected biopharmaceuticals in the

FAERS and 356,293 suspected biopharmaceuticals in EV,

the availability of batch numbers was calculated for dif-

ferent reporter types. Biopharmaceuticals reported by

consumers most frequently contained a batch number

(36.3 % in the FAERS and 40.7 % in EV). Batch trace-

ability of biopharmaceuticals reported by physicians in the

FAERS (13.3 %) and EV (7.0 %) was substantially lower

(both p \ 0.001). Biopharmaceuticals reported by phar-

macists or other healthcare professionals were also less

likely to contain a batch number (see Table 2).

This pattern differed, however, between the eight most

frequently reported pharmacological and therapeutic sub-

groups of biopharmaceuticals. Overall, batch numbers were

most frequently available for parathyroid hormone

(H05AA) in the FAERS (43.1 %) and immunoglobulins

(J06) in EV (42.0 %). Most notably, the overall availability

of batch numbers for parathyroid hormone in the FAERS

was higher than in all three separate reporter categories

(see Fig. 3), representing the high availability of batch

numbers in reports of which the reporter was not known

(62.5 %, not shown in Fig. 3). Respectively, 43.1 % and

44.2 % of the tumour necrosis factor (TNF)-a inhibitors,

the most frequently reported ATC class, reported by con-

sumers contained a batch number in the FAERS and EV.

Batch traceability of TNF-a inhibitors reported by physi-

cians and pharmacists was lower in the FAERS (16.2 %

and 13.5 %, respectively), and particularly in EV (3.8 %

and 10.5 %, respectively). Pharmacists did remarkably

well in reporting batch numbers for immunoglobulins in

the FAERS (59.4 %) and EV (55.2 %). The traceability of

antineoplastic monoclonal antibodies (ATC class L01XC)

was overall poorly maintained (see Fig. 3).

There was variability in the traceability of suspected

biopharmaceuticals over time for EV and the FAERS (see

Fig. 4). Batch traceability of biopharmaceuticals in EV

showed a sharp increase between 2007 (10.7 % of reported

biopharmaceuticals contained a batch number) and 2008

(22.8 % contained a batch number). Batch traceability of

biopharmaceuticals in the FAERS showed a peak in 2007,

with 35.8 % of the reported biopharmaceuticals containing

a batch number, but declined thereafter.

A total of 13,790 biopharmaceuticals (of which 9,759

were suspected) for which a biosimilar has been approved

in the EU were extracted from cumulative ICSRs in EV.

For 90.4 % of these biopharmaceuticals, and 96.2 % of the

suspected biopharmaceuticals, the product was clearly

identifiable. The batch traceability of biosimilars was,

interestingly, poorly maintained (see Table 3).

4 Discussion

The present study showed that for 24.0 % of the suspected

biopharmaceuticals in the FAERS and 21.1 % of the

Table 1 Availability of batch numbers for reported biopharmaceuticals and small molecule drugs in the FAERS and EV, stratified by role code

Drug type, role code FAERS EV

Total number

of drugs

Drugs with batch

number available [n (%)]

Total number

of drugs

Drugs with batch

number available [n (%)]

Biopharmaceutical All 591,380 117,523 (19.9) 439,971 75,713 (17.2)

Suspected 487,065 116,812 (24.0) 356,293 75,272 (21.1)

Small molecule drug All 5,794,537 164,755 (2.8) 5,630,208 79,610 (1.4)

Suspected 2,221,229 163,670 (7.4) 2,169,721 77,724 (3.6)

Total All 6,385,917 282,278 (4.4) 6,070,179 155,323 (2.6)

Suspected 2,708,294 280,482 (10.4) 2,526,014 152,996 (6.1)

EV EudraVigilance, FAERS FDA Adverse Event Reporting System

Table 2 Availability of batch numbers for reported suspected

biopharmaceuticals, stratified by type of reporter

Reporter type FAERS (n = 487,065) EV (n = 356,293)

Total

number

of

drugsa

Drugs with

batch number

available

[n (%)]

Total

number

of drugs

Drugs with

batch number

available

[n (%)]

Physician 112,770 15,026 (13.3) 94,928 6,667 (7.0)

Pharmacist 12,971 2,984 (23.0) 9,999 1,896 (19.0)

Other

healthcare

professional

64,235 9,087 (14.1) 46,765 5,366 (11.5)

Consumer 198,282 72,006 (36.3) 117,411 47,800 (40.7)

Lawyer 1,489 10 (0.7) 1,242 5 (0.4)

a For a total of 97,318 biopharmaceuticals in the FAERS and 85,948

in EV, the reporter type was not unique or unavailable

EV EudraVigilance, FAERS FDA Adverse Event Reporting System
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a

b

Fig. 3 Availability of batch numbers (%1) for eight groups of suspected biopharmaceuticals in FAERS (a) and EV (b), stratified by type of

reporter. 1Calculated as number of biopharmaceuticals containing batch number/number of biopharmaceuticals reported by reporter within

group. EV EudraVigilance, FAERS FDA Adverse Event Reporting System

Fig. 4 Availability of batch number for suspected biopharmaceuti-

cals from 2004 until 2010 in FAERS and EV. EV EudraVigilance,

FAERS FDA Adverse Event Reporting System

Table 3 Identifiability of biosimilarsa in EudraVigilance

Biopharmaceutical, role

code

Total

number

of drugs

Drugs with

identifiable

product name

[n (%)]

Drugs with

identifiable

product name

and traceable

batch number

[n (%)]

Epoetin alfa All 9,125 8,615 (94.4) 320 (3.5)

Suspected 6,903 6,829 (98.9) 318 (4.6)

Filgrastim All 2,227 1,702 (76.4) 73 (3.3)

Suspected 706 600 (85.0) 72 (10.2)

Somatropin All 2,438 2,148 (88.1) 128 (5.3)

Suspected 2,150 1,963 (91.3) 128 (6.0)

Total All 13,790 12,465 (90.4) 521 (3.8)

Suspected 9,759 9,392 (96.2) 518 (5.3)

a Biopharmaceuticals for which a biosimilar has been approved in the

EU
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suspected biopharmaceuticals in EV a batch number was

available. In addition, the current study showed that for

96.2 % of the suspected biopharmaceuticals for which a

biosimilar was available in the EU the product name was

clearly identifiable in EV. Accurate traceability of bio-

pharmaceuticals up to batch and product level in these

SRSs is essential for identifying and monitoring any batch-

or product-specific safety issues, resulting from differences

in the manufacturing process. Batch traceability may, in

addition, help to distinguish between, and assess the safety

profile over, different pharmaceutical forms and dosage

strengths of biopharmaceuticals. Furthermore, accurate

batch traceability is pivotal for relating any batch-related

problems of biopharmaceuticals, e.g. pathogen-contami-

nated batches [22] or other host cell impurities [23], to

reported ADRs. Biopharmaceuticals might be at increased

risk of batch-related problems as the production process,

which involves living expression systems, gives rise to a

large number of host cell-, process- and product-related

impurities.

The proportions of biopharmaceuticals containing a batch

number in the FAERS and EV were much higher than we

found for suspected small molecule drugs (7.4 % and 3.6 %,

respectively), but lower than elsewhere reported for vaccines

(54.4 %) [24]. The lack of information on batch numbers for

approximately three in four biopharmaceuticals in the

FAERS (approximately four in five in EV) could either be the

result of incomplete recording of exposure information at

dispensing or incomplete reporting of the available infor-

mation to regulatory authorities and/or manufacturers. The

reported differences in batch traceability between different

pharmacological/therapeutic groups of biopharmaceuticals

suggest, in particular, a role for incomplete recording of

exposure information in clinical practice. Whereas con-

sumers reported a batch number for 36.2–46.8 % of fre-

quently home-administered insulins, they reported a batch

number for only 1.3–7.5 % of antineoplastic monoclonal

antibodies, which are primarily administered in hospitals.

For consumers it is relatively easy to obtain batch numbers if

the medicine is applied at home, as is the case for insulins. As

in the case of antineoplastic agents, the preparation,

administration and reporting might very well be by different

persons, and the patient or physician confronted with the

ADR might not have access to the batch information. This

indicates that once the batch numbers are readily available

consumers are likely to report this information.

Another finding from the current study was that batch

traceability was, overall, well maintained for immuno-

globulins, particularly when reported by pharmacists.

Overall, batch numbers were available for 36.7–42.0 % of

the reported immunoglobulins, and 55.2–59.4 % of the

immunoglobulins reported by pharmacists. This might be

explained by the fact that immunoglobulins were

historically plasma-derived medicinal products, for which

separate regulations are in place. The safety of blood-

derived products has been under close scrutiny, especially

in Europe, following the HIV-infected blood-products

scandal that occurred in France in the 1990s [25], and

concerns for transmission of Creutzfeldt-Jakob Disease via

whole blood and plasma-derived products in Europe [26],

although the latter has only been a theoretical risk until

2009 [27].

The current study showed that patients play an important

role in ensuring traceability of biopharmaceuticals. In

36.3 % and 40.7 % of the consumer reports on biophar-

maceuticals a batch number was available in the FAERS

and EV, respectively. These results underpin the impor-

tance of patient reporting of adverse events. Patients have

been able to report adverse events to the FAERS since its

establishment in 1969. In most European countries, patient

reporting schemes have only recently been established and

in some countries patients are still not able to report

adverse events directly to the competent authorities [28].

On the other hand, we showed that physicians played only

a minor role in ensuring traceability of biopharmaceuticals.

Despite being a major contributor in the absolute number

of reports, only in 13.3 % and 7.0 % of the reports on

biopharmaceuticals in the FAERS and EV, respectively,

was a batch number available.

The present study showed that product identifiability of

biopharmaceuticals for which a biosimilars has been

approved in the EU is reasonably well ensured in Europe,

especially for epoetin alfa. This is an important finding,

taking into account that biosimilars are frequently given the

same INN as the reference innovator. Of the six currently

approved biosimilars in Europe (sold under 12 different

trade names), five contain the same INN as the innovator

(see Table S2 [Online Resource 1]). It has therefore been

recognized that the INN system, although playing an

important role in global pharmacovigilance, cannot be

relied upon for product identification of biosimilars [29].

As the number of biosimilars on the market is expected to

increase in a vast pace, and a road for biosimilar registra-

tion is currently been paved in the US [30], traceability of

biosimilars will only become increasingly important.

The need to ensure traceability is not unique to bio-

pharmaceuticals, but is also a well-known aspect in

numerous other industries [31]. In particular, the trace-

ability of medical devices is receiving increased scrutiny

following recent concerns in Europe of a possible associ-

ation between frequently used PIP (Poly Implant Prothèse)

breast implants and cancer [32]. The European Commis-

sion has already announced plans to enhance traceability of

medical devices [33]. Similarly, several initiatives are

currently ongoing to further promote the traceability of

biopharmaceuticals. These initiatives are not only fuelled
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by increased interest in drug safety, but also by the need for

improving supply chain efficacy and the need for taking

measures against counterfeit medicines [31]. Two-dimen-

sional barcodes that could include detailed product infor-

mation such as batch numbers is one of the presented

solutions for promoting traceability of biopharmaceuticals

[34]. When such information is automatically recorded in

clinical practice, it is essential that patients and healthcare

professionals are aware that this accurate exposure infor-

mation is necessary to link the adverse event properly to

the specific product. Regulatory authorities in the product

information of biopharmaceuticals may encourage patients

and healthcare professionals to report such information.

This may be one of the increased efforts taken by the EU

and its Member States to ensure traceability of biophar-

maceuticals, demanded by recently adopted new European

pharmacovigilance legislation [35].

It should be noted that SRSs may not be the sole point in

the community where detailed exposure information on

biopharmaceuticals is captured. In the current study we did

not assess whether population-based databases or disease

registries contain the necessary exposure information to

monitor and ascertain the safety of biopharmaceuticals over

different batches or products. A second limitation that should

be addressed is that the databases we have used might contain

a large number of duplicate reports. In particular, extensive

duplication of reports has been reported in the FAERS [36].

To limit any influence of duplicate information on our study

results, efforts were undertaken to reduce data duplication.

As we were, however, not interested in the frequency of

certain adverse events but only in the reporting quality of the

submitted reports, we feel any residual duplication might

have little influence on our results.

5 Conclusion

The present study was, to our knowledge, the first study to

explore the current status of traceability of biopharma-

ceuticals in major SRSs of ADRs in the US and the EU.

We have reported that the current system insufficiently

ensures the traceability of individual batches of biophar-

maceuticals, although the identifiability of biosimilars is

reasonably well ensured. Stakeholders in pharmacovigi-

lance should undertake efforts to improve the traceability

of biopharmaceuticals.
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