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Abstract

Background At time of approval, knowledge of the full

benefit risk of any drug is limited, in particular with regards

to safety. Post-approval surveillance of potential drug safety

concerns is recognized as an important task of regulatory

agencies. For innovative, often first-in-class drugs, safety

knowledge at time of approval is often even less extensive

and these may require tighter scrutiny post approval.

Objective We evaluated whether more post-approval

serious safety issues were identified for drugs with a higher

level of innovation.

Methods A cohort study was performed that included all

new active substances approved under the European Cen-

tralized Procedure and for which serious safety issues were

identified post-approval from 1 January 1999 to 1 January

2012. Serious safety issues were defined as issues requiring

a Direct Healthcare Professional Communication to alert

individual healthcare professionals of a new serious safety

issue, or a safety-related drug withdrawal. Data were

retrieved from publicly available websites of the Dutch

Medicines Evaluation Board and the European Medicines

Agency. The level of innovation was scored using a vali-

dated algorithm, grading drugs as important (A), moderate

(B) or modest (C) innovations or as pharmacological or

technological (pharm/tech) innovations. The data were

analyzed using appropriate descriptive statistics and Kap-

lan–Meier analysis, with a Mantel–Cox log-rank test, and

Cox-regression models correcting for follow-up duration,

to identify a possible trend in serious safety issues with an

increasing level of innovation.

Results In Europe, 279 new drugs were approved

between 1999 and 2011. Fifty-nine (21 %) were graded as

important, 63 (23 %) moderate, or 34 (12 %) modest

innovations and 123 (44 %) as non-innovative (pharm/

tech), while 15 (25 %), 13 (21 %), 8 (24 %) and 17 (14 %)

had post-approval safety issues, respectively (p = 0.06,

linear-by-linear test). Five drugs were withdrawn from the

market. The Kaplan–Meier-derived probability for having

a first serious safety issue was statistically significant, log-

rank (Mantel–Cox) p = 0.036. In the final adjusted Cox

proportional hazard model there was no statistically sig-

nificant difference in occurrence of a first serious safety

issue for important, moderate and modest innovations

versus non-innovative drugs; hazard ratios 1.76 (95 % CI

0.82–3.77), 1.61 (95 % CI 0.76–3.41)], and 1.25 (95 % CI

0.51–3.06), respectively.
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Conclusion A higher level of innovation was not clearly

related to an increased risk of serious safety issues identi-

fied after approval.

1 Background

Monitoring risks and benefits of drugs post-approval is an

important task of regulatory authorities. At time of

approval, knowledge of the full benefit-risk profile of any

new drug is incomplete due to well-known limitations of

pre-approval research. Most pre-approval clinical research

is limited in size, targets narrow well-defined populations,

and is primarily focused on establishing efficacy [1]. For

innovative drugs, which are often first-in-class with a new

mechanism of action, this knowledge will be even less. For

these drugs, class-related information on rare safety issues

is not available from previously approved comparable

substances as would be the case with less innovative, later-

in-class drugs [2, 3]. It is estimated that a third of all drugs

approved between 1995 and 2003 by the European Medi-

cines Agency (EMA) could be considered important

innovations [4]. Especially for the innovative drugs, the

post-approval period will be important to establish the full

benefit-risk profile.

Although, (serious) safety issues can be identified at any

time throughout the lifecycle of any drug [5], there are

factors which might contribute to the identification of more

safety issues for innovative drugs after their approval. First

of all, innovative drugs are eagerly awaited by clinicians

and patients, resulting in high pressure to speed up their

development, rapid approval and uptake in clinical prac-

tice. Pressure put on the regulator to speed up approval was

reported to result in more safety issues identified post-

approval in Northern America [6–8], but not Europe [9,

10]. As innovative drugs offer a potential therapeutic

advantage to existing alternative treatments, they may be

rapidly taken up in clinical practice early after approval

[11], and they may be channeled to patient groups that are

more difficult to treat or who cannot tolerate available

treatment [12]. This could result in identification of a

greater number of safety issues soon after approval. On the

other hand, when the post-approval exposure is small, as

with innovative drugs targeting orphan diseases, the power

to observe serious adverse drug reactions will be limited

[13].

Previously, Tavassoli and Montastruc [11] studied the

relation between level of drug innovation and safety alerts

as issued by the French Drug Agency. They found an

association between these alerts and innovative drugs and

recommended to monitor these drugs more actively after

approval. They included drugs with at least one report of a

serious adverse drug reaction (ADR) to the French

pharmacovigilance centers. Due to the cross-sectional

design, and the coverage of an arbitrary period in the

lifecycle of the drugs, it is unclear whether this observation

applies to the early stages post-approval only. Moreover,

their results may have been confounded by drug class or

drug-use characteristics.

To better understand the relationship between innova-

tion level of a drug and post-approval safety issues, one

needs to focus not only on whether a safety issue was

identified but also consider the time to such an event and

take potential confounders into account. We addressed

these issues in our study using an algorithm developed by

Motola et al. [4, 14] to assess the level of innovation.

This algorithm is based on the availability of alternative

treatments for the targeted disease and the level of dem-

onstrated effect on clinically relevant endpoints. The

drugs classified as important innovations target diseases

where treatment is not available for at least important

subgroups of patients and these drugs have demonstrated

major benefits on clinical endpoints or established surro-

gate parameters. The aim of our study was to compare the

frequency and timing of serious safety issues identified

post-approval in relation to the level of drug innovation in

a cohort design, adjusting for potential confounding

factors.

2 Methods

2.1 Design

A cohort study was performed that included all new

active substances approved under the European Central-

ized Procedure (CP) and associated serious safety issues

that were identified post-approval from 1 January 1999 to

1 January 2012. New active substances were defined

according the definition of Eichler et al. [15], excluding

biosimilars. We used the algorithm of Motola et al. to

assess the level of therapeutic innovation of drugs and

therefore we also excluded diagnostics and vaccines since

these were not included in this classification. The algo-

rithm graded drugs as (A) important, (B) moderate, or

(C) modest innovations or as ‘pharmacological/technolo-

gical’ innovations (Fig. 1) [4, 14]. For grading, drugs

were first divided into three groups, depending on the

availability of alternative treatment possibilities: group

(A), drugs for diseases without available therapy; group

(B), drugs for subsets of patients unresponsive to avail-

able therapy; and group (C), drugs with effective alter-

native therapy available. In the latter group, class C1

drugs are more effective and/or safe than available

alternatives, class C2 drugs are only pharmacologically

different (pharmacokinetics or mechanism of action), and
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class C3 drugs are only technologically different. Sec-

ondly, drugs were graded according to their demonstrated

treatment effect; group (A) with a major benefit on clin-

ical endpoint, group (B) with a partial benefit on disease

or less robust demonstration of major benefit, and group

(C) with minor or temporary benefit on some aspects of

the disease.

Motola et al. [4] have previously classified all drugs

approved up to 2003. Drugs approved after 2004 were

classified independently by two assessors of the Dutch

Medicines Evaluation Board and/or co-authors of this

paper (PM, PV, PdG, AHA, DM). The team consisted of

clinical pharmacologists, clinicians and pharmacists. The

level of agreement in classifying the level of innovation

was fair only (kappa = 0.31). Therefore, in cases with

disagreement, all classifications were resolved in a con-

sensus meeting with a minimum of three assessors.

Scientific and regulatory information on drugs was

obtained from the European Public Assessment Report

(EPAR) (http://www.emea.europa.eu). The EPAR contains

a summary report of the marketing application dossier and

scientific assessment.

2.2 Outcome

The primary endpoint was defined as the first issue

requiring a Direct Healthcare Professional Communication

(DHPC) or a safety-related drug withdrawal. DHPCs were

retrieved from the Dutch Medicines Evaluation Board

website (http://www.cbg-meb.nl) and only safety-related

DHPCs were included. DHPCs related to administration,

pharmaceutical quality (including shortage due to manu-

facturing issues) and/or the malfunctioning of an admin-

istration device were excluded. DHPCs issued to inform

healthcare professionals on the lack of efficacy of a drug

were also excluded. Whether a drug withdrawal was safety-

related was determined from the related press release and

EPAR ‘Procedural steps taken and scientific information

after approval’ as retrieved from the EMA website.

Time to the primary endpoint, defined as the time in

months from the date of market approval to the date of a

first DHPC or safety-related withdrawal, whichever came

first, was assessed.

2.3 Key Characteristics

Drug and procedural characteristics that could be possible

confounders in our analysis were retrieved. The charac-

teristics were chosen based on literature data that suggested

an increased risk of drug safety issues post-approval (e.g.,

drug class [5] and biological drugs [16]). The extent of the

patient population exposed to the drug is another possible

confounder. The larger the population exposed to a drug,

the larger the power to detect adverse effects [7, 17]. The

‘channeling’ phenomenon—preferential prescribing of new

drugs to high risk patients—may be different for drugs that

are used by highly specialized prescribers for rare diseases

(orphan drugs), for drugs approved under ‘exceptional

circumstances’ or with ‘conditional approval’ [13]. As of

November 2005, Risk Management Plans (RMPs) have

become a requirement for new drug applications in Europe.

This more pro-active approach in risk management could

potentially result in identifying new safety issues earlier or

more frequently.

Drug class was classified using the anatomical main

group of the Anatomical Therapeutic and Chemical code

(ATC-1 level). Three classes (A, J and L) comprise more

than 50 % of all drugs and are separately presented, the

remaining drugs are grouped in the ‘other’ category. Sec-

ond, the type of molecule was categorized as either a

biological or a small molecule, identified from the EPARs.

Third, the number of drug users was determined from the

Drug Information System of the Health Care Insurance

Board. This database comprises drug dispensing data for

reimbursed drugs in the ambulatory care setting of 26

Dutch healthcare insurance companies, covering nearly all

Fig. 1 Classification of drugs. Algorithm used to assign the overall

score for innovation. Available treatments: A = drugs for diseases

without recognized standard treatment; B = drugs for diseases

where subsets of patients are less responsive to marketed drugs and/

or other medical interventions, C = drugs for diseases responsive to

marketed drugs or other medical interventions (C1 = more effective

or safer than existing drugs; C2 = mere pharmacological innova-

tion, i.e. drugs with better kinetics or new mechanism of action;

C3 = mere technological innovation, i.e. a new chemical or

biotechnological product with therapeutic role similar to already

existing ones). Therapeutic effect: A = major benefit on clinical

end-points (e.g., increased survival rate and/or quality of life) or

validated surrogate end-points; B = partial benefit on the disease

(on clinical or validated surrogate end-points) or limited evidence of

a major benefit (inconsistent results); C = minor or temporary

benefit on some aspects of the disease (e.g., only partial symptom-

atic relief of a serious disease) (reproduced with permission from

Motola et al. [14])
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of the Dutch population (16 million) (http://www.

gipdatabank.nl). The number of drug users was split into

tertiles, according to the median number of users per year

during the period 2007–2011. A separate group was created

for the group of drugs not covered by the database as such

as drugs not reimbursed, not marketed, or used solely in the

hospital setting in the Netherlands. The size of the study

population pre-approval was the total number of subjects

exposed to the drug for any duration in the clinical

development program before approval [17]. Three proce-

dural issues were identified: orphan drug status (y/n);

registration type (exceptional circumstances or receiving

conditional approval); and whether the drug had been

approved before or after Risk Management Plans (RMPs)

had become a requirement (November 2005).

2.4 Analysis

Descriptive statistics, Chi-squares and Kruskal–Wallis

were used to describe differences in baseline character-

istics, across the four different levels of innovation and

for drugs with and without a first DHPC/withdrawal. The

probability of drugs at different levels of innovation

reaching the primary endpoint (first DHPC/safety with-

drawal) is evaluated using Kaplan–Meier analysis cor-

recting for follow-up duration; p-value was determined

using the log-rank test using a trend analysis. In a mul-

tivariable Cox proportional hazard model (HR and 95 %

CI), the association between level of innovation and the

primary endpoint was determined, correcting for the key

characteristics. Characteristics were included in the model

(model 1) if they were unevenly distributed across the

different levels of innovation or with respect to the

occurrence of a serious safety issue (p \ 0.05). Using

backward stepwise regression, only those characteristics

were retained in the model that contributed to the model

at p \ 0.2 (model 2).

We performed sensitivity analyses to probe the robust-

ness of our findings in view of the subjective nature of the

innovation classification system. First, we dichotomized

the classification of innovation grouping drugs graded as

level A or B innovations (innovative) and drugs graded as

level C or pharm/tech drugs (other). We then performed the

same analyses as described above. In the second set of

sensitivity analyses we compared the heterogeneity of our

findings with respect to the classification made by the

individual Dutch reviewers. Since the total number of

drugs classified by the Dutch team was relatively small

(105 in total), we performed these analyses using the

dichotomized classification (innovative versus other).

Additionally, we evaluated the association for those 71

drugs on which individual assessors agreed on the

classification.

We performed an additional post-hoc analysis compar-

ing our classification with other classifications of drug

innovation as used by the Canadian Human Drug Advisory

Panel (HDAP) and Prescrire International. We used the

dichotomized classifications that were used by Lexchin in

his paper in Health Policy of 2012 [18] to facilitate com-

parison with our classification set. The number of drugs

that were graded by all three systems was 65. Again con-

sidering this limited number of drugs on which we could

compare, we used the dichotomized safety outcome and

present Chi-square and log-rank test results only. We cal-

culated kappa values to determine the agreement between

the three systems in grading the level of drug innovation.

3 Results

A total of 633 drugs obtained a marketing authorization in

our study period from 1 January 1999 to 1 January 2012. We

excluded 354 drugs that could not be classified by Motola’s

algorithm of therapeutic innovation; 309 drugs contained no

new active substances, 35 were vaccines and 10 were diag-

nostics (Fig. 2). Of the remaining 279 new drugs, 59 (21 %)

were graded as important (grade A), 63 (23 %) as moderate

(B), and 34 (12 %) as modest (C), and 123 (44 %) as

pharmacological/technological (pharm/tech) innovations

(Table 1, individual classifications are provided in the

Fig. 2 Flow chart of study drugs. Number of registrations with the

European Medicines Agency (EMA) through the centralized proce-

dure from 1 January 1999 to 31 December 2011. Duplicates are drugs

registered under different trade names; known substances are drugs

approved earlier either through national approval procedures (e.g.,

Tobi Podhaler containing tobramycin) and/or that were approved

earlier for a different indication under a different registration number

(e.g., sildenafil as ViagraTM for erectile dysfunction and subsequently

as RevatioTM for pulmonary hypertension); combinations with at least

one new active substance were included in our study (e.g., Tredap-

tiveTM for dyslipidemia that contained the new active substance

laropiprant in addition to the known substance nicotinic acid), but not

those containing only known active substances

1108 P. G. M. Mol et al.
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Electronic Supplementary Material). Per year, the number of

approvals ranged between 12 and 26 (Fig. 3).

In total, 114 DHPCs were issued, of which 25 DHPCs

for 15 drugs were issued that were not safety-related and

were excluded. Nine of these excluded DHPCs concerned

the administration of the drug, ten concerned the pharma-

ceutical quality of the drug product and two concerned the

malfunctioning of an administration device. Four DHPCs

for two drugs classified as important innovations (drotr-

ecogin alfa, and three DHPCs for tenofovir) were issued

because of lack of efficacy and were also excluded. This

resulted in 53 first and 36 repeated DHPCs that were

included in our study.

Five drugs (\2 % of all drugs approved) were with-

drawn for safety-related reasons; efalizumab, sitaxentan,

rimonabant (all grade B), rosiglitazone and valdecoxib

(both pharm/tech).

Overall, 53 first serious safety events (primary endpoint)

were identified for 15 (25 %) drugs graded A, 13 (21 %)

graded B, eight (24 %) graded C, and 17 (14 %) for the

drugs graded as pharm/tech (p = 0.23, Chi-square test,

p = 0.06 linear-by-linear association, Table 2).

Table 1 Key characteristics across innovation level of drugs in Europe (1999–2011)

All drugs

N (%)a
Innovation level of drugs N (%)a

Important (A) Moderate (B) Modest (C) Pharm/tech pb

Total 279 (100) 59 (100) 63 (100) 34 (100) 123 (100)

Drug characteristics

Drug classes (ATC-1 level) <0.001

Alimentary tract and

metabolism (A)

39 (14) 7 (12) 7 (11) 4 (12) 21 (17)

Anti-infectives for

systemic use (J)

38 (14) 21 (36) 7 (11) 1 (3) 9 (7)

Antineoplastic and

immune-modulating

agents (L)

75 (27) 23 (39) 19 (30) 16 (47) 17 (14)

Other drug classesc 127 (46) 8 (14) 30 (48) 13 (38) 76 (62)

Number of drug users per

yeard
<0.001

Hospital use only or not

reimbursed in NL

121 (43) 31 (53) 33 (53) 18 (53) 39 (32)

C228 53 (18) 14 (24) 15 (24) 8 (24) 16 (13)

\228 and C2.117 53 (19) 12 (20) 8 (13) 5 (15) 28 (23)

\2.117 52 (19) 2 (3) 7 (11) 3 (9) 40 (33)

Biologicals (y) 83 (30) 20 (34) 17 (27) 10 (29) 36 (29) 0.866

Size of study population,

median (IQR)e
1,227 (522–2,437) 900 (511–1,712) 1,041 (373–2,150) 1,155 (397–2,949) 1,789 (735–3,410) 0.001

Procedural characteristics

Orphan drugs (y) 59 (21) 15 (25) 22 (35) 13 (38) 9 (7) <0.001

EC and CA registrations (y) 47 (17) 19 (22) 18 (29) 7 (21) 2 (2) <0.001

Post-RMP approval (y) 139 (50) 23 (39) 42 (67) 22 (65) 52 (42) 0.001

Bold values are statistically significant at p \ 0.05
a Percentages are expressed within drugs, and level of innovation (column)
b p-value based on Chi-square (categorical data) and Kruskal–Wallis (continuous data) test
c All drugs that are not categorized on ATC-1 level as A (alimentary tract and metabolism), J (anti-infectives for systemic use) or L

(antineoplastic and immunomodulating agents)
d Median number of users per year in the Netherlands based on 2007–2011 reimbursement data from the Drug Information System of the Health

Care Insurance Board
e European Public Assessment Reports (EPARs) were not available for six drugs thus the size of the study population could not be established.

For the analyses values were imputed based on the mean number of patients studied in the clinical development program for drugs with the same

ATC-5 or if not available the same ATC-3 level

ATC therapeutic and chemical code, CA conditional approval, EC exceptional circumstances, IQR interquartile range showing 25th and 75th

percentiles, NL The Netherlands, RMP risk management plan; this variable indicates whether drugs were approved after RMPs became a

requirement for new drug applications in the European Union (Nov 2005), (y) variable is dichotomous and value represents the ‘yes’
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The median follow-up, from marketing approval to end

of study period or drug withdrawal, was 7.8 years

(interquartile range [IQR] 4.0–10.4) for drugs graded

A, 4.6 years (IQR 2.4–6.9) graded B, 4.2 years (IQR

3.2–7.2) graded C, and 7.3 years (IQR 2.9–10.4) for the

drugs graded as pharm/tech (p = 0.01, Kruskal–Wallis

test). The Kaplan–Meier-derived probability for having a

first serious safety issue, correcting for duration of follow-

up, suggests a trend in safety issues with increasing level

of innovation, log-rank (Mantel–Cox) p = 0.036. Subse-

quently, the association between level of therapeutic

innovation of a drug and a first serious safety issue post-

approval was determined in a multivariable Cox model.

All identified key drug and procedural characteristics,

except whether a drug was a biological or small molecule,

were unequally distributed across the various levels of

innovation (p \ 0.05) and therefore included in the mul-

tivariable Cox model (Table 1). All key characteristics

were equally distributed across drugs with or without

serious safety issues. For six drugs, we were unable to

retrieve one drug characteristic, i.e., the size of the pre-

approval study population, as the scientific discussion had

been removed from the EMA website after withdrawal of

these products from the market. For these drugs we

imputed the study population based on drugs approved

within the same ATC class (interferon alfacon-1 [1197],

valdecoxib [3550], dofetilide [3410], apomorphine [2764]

and fomivirsen [1328]). Except valdecoxib, all with-

drawals were for commercial reasons and thus not

recorded as a serious safety issue.

In the multivariable Cox proportional hazards model

(model 1) there was no statistically significant difference in

occurrence of a first serious safety issue across the more

innovative (A, B, and C) drugs when compared with the

pharm/tech (reference) drugs (Table 2). The results

remained similar in model 2, which, in addition to the level

of innovation, incorporated only potential confounders

with a p \ 0.2. These were drug class, size of the pre-

approval study population, and whether the drug had been

approved after RMPs had become a requirement. The

adjusted hazard ratios were: for grade A drugs 1.76 (95 %

CI 0.82–3.77), grade B drugs 1.61 (95 % CI 0.76–3.41),

and for grade C drugs 1.25 (95 % CI 0.51–3.06) (Table 2;

Fig. 4). Antineoplastic and immunomodulating drugs

(ATC-class L) and the size of the study population in the

clinical program were the only significant confounders

(p \ 0.05).

The first sensitivity analysis showed that a numerically

higher proportion of innovative drugs (grade A and B) had

a first serious safety event than all other (grade C and

pharm/tech combined) drugs, 23 versus 16 %, respectively.

Although the difference was not statistically significant

(p = 0.14; Chi-square test), the Kaplan–Meier curves still

separated, p = 0.07 (log-rank test, Fig. 5a). The Cox pro-

portional hazards models, HR 1.83 (95 % CI 0.99–3.39)

model 1 and HR 1.71 (95 % CI 0.94–3.11) model 2,

showed similar not statistically significant results. The

second sensitivity analysis for 105 drugs for which indi-

vidual assessments of level of innovation were available

showed again that event rates were numerically higher for

the innovative drugs and that Kaplan–Meier curves sepa-

rated (Fig. 5b, c). These findings were not significant. For

the 71 drugs where both reviewers agreed in their first

assessment, the effects were also similar to our original

analysis (Fig. 5d). The post-hoc comparison using two

different classification systems showed that agreement in

grading of drug innovation between the three systems was

poor. Kappa values ranged from 0.03 (HDAP vs our

model), 0.06 (Prescrire International vs our model) to 0.20

(HDAP vs Prescrire International). HDAP, Prescrire

International and our model classified 10, 9 and 33,

respectively, as innovative of the 65 drugs that were clas-

sified by all three systems. This subsequently resulted in no

observable association with the occurrence of serious

safety events (p values from 0.66 to 0.97 in Chi-squares

and log-rank tests) for the HDAP (Fig. 5e) and Prescrire

International (Fig. 5f) classifications.

Fig. 3 Level of innovation of drugs approved in Europe

(1999–2011). Drugs are new active substances that are approved

through the centralized procedure in Europe. Classification of

innovation according to Motola et al. [14]; (A) important (black),

(B) moderate (dark grey), (C) modest (light grey), (Pharm & Tech)

merely pharmacological/technological innovations (white)

1110 P. G. M. Mol et al.
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4 Discussion

Between 1999 and 2011, 21 % of all new drug approvals

can be considered important innovations, while nearly half

(44 %) can be considered as ‘me-too’ (pharmacological or

technological) developments. Nineteen percent (53/273) of

all centrally approved drugs received one or more DHPCs

during the study period and five (\2 %) drugs were with-

drawn. Our study showed that the level of innovation was

not clearly correlated with frequency and timing of serious

safety issues that are identified post-approval.

Serious safety issues have been suggested to be more

common with biological agents versus small molecules

[16], while fewer issues were identified with orphan drugs

[13]. Fast-track approval or ‘priority review’ may be

associated with identification of more safety issues post-

approval in Canada and the USA [7, 8]. Both Health

Canada and the Food and Drug Administration (FDA) offer

‘priority review’ for drugs that are intended to treat life-

threatening disease or are considered important therapeutic

advancements, somewhat similar to drugs classified as

important innovations in our study. More post-approval

safety issues were identified also for drugs approved by the

FDA close to the review deadlines in comparison to drugs

approved with more remaining review time [6]. In contrast,

drugs approved through exceptional circumstances or

conditional approval procedures that are aimed to facilitate

drug approval for the same type of drugs in Europe did not

show an increased risk [9, 10]. The difference may be that

in Europe there is not necessarily a shorter review period

for this type of drug, allowing a robust assessment proce-

dure. Our current findings indicate that the level of inno-

vation is not clearly related to identification of serious post-

approval safety issues. Our sensitivity analyses support our

principal findings, although there are some numerical dif-

ferences. A trend in separation of curves was observed also

when our grading of innovation was dichotomized, and was

independent of whether individual assessments or only

cases of agreement were considered.

Possibly, as for the more innovative drugs, additional

pharmacovigilance activities to closely monitor and mini-

mize risks post-marketing may have been implemented. In

recent years, regulators have, under large public pressure

and in the wake of several high-profile drug safety issues

[19], intensified their pharmacovigilance activities [20, 21].

Grading of level of innovation could be considered as a

possible additional tool to guide problem-based risk man-

agement for new drugs that is currently done on a case-by-

case basis.

Not all classification systems of innovation may be

equally valuable for this purpose. The classification sys-

tems of the Canadian HDAP and Prescrire International
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classified only a few drugs as innovative, with no rela-

tionship to the occurrence of serious safety issues [18]. The

poor agreement in classification of level of drug innovation

calls for some form of harmonization. Which classification

system is most suitable, and based on what criteria (e.g.,

demonstrated efficacy, cost effectiveness, available alter-

native therapies, etc.), should be the subject of further

research, one such European model could possibly also be

useful to guide pharmacovigilance activities as discussed

above.

Only two of the studied characteristics were true con-

founders in the association of innovative drugs and a

serious safety event. For antineoplastic and immunomod-

ulating drugs, we observed a doubling of the risk of a

serious post-approval safety event independent of the level

of innovation. These drugs have been shown to be more

frequently associated with safety-related regulatory actions

[5, 22]. Still, accelerated approval of cancer drugs may be

considered safe, as only a few drugs are withdrawn, and

these procedures are therefore useful in facilitating earlier

access to important new treatment options [22]. Another

reason why more safety issues are observed with these

drugs is that they are used relatively often outside of their

approved indication, where safety experience is even more

limited [23].

In our study, a larger size of the pre-approval study

population was associated with an increased risk of a

serious safety issue post-approval. The size of the clinical

development programs was larger for drugs graded as

pharmacological or technological innovations. The ‘me-

too’ products are developed to get a share of large drug

markets [24, 25], and can therefore easily include more

patients in the clinical development program without really

generating new drug safety knowledge. Of note, not the

level of use in clinical practice, nor orphan drug designa-

tion nor the approval procedure affected our model. Orphan

drugs and drugs approved through the Exceptional Cir-

cumstances or Conditional Approval procedure are often

used in highly specialized treatment centers and reim-

bursed for the very specific patients that are often also

included in the pre-approval studies. They are less likely to

be channeled to high risk populations after marketing. Our

follow-up (year)

13108530

D
ru

gs
 w

ith
 a

 s
er

io
us

 s
af

et
y 

is
su

e 1.0

0.8

0.6

0.4

0.2

0.0
 p=0.07

follow-up (year)

121086420

D
ru

gs
 w

ith
 a

 s
er

io
us

 s
af

et
y 

is
su

e 1.0

0.8

0.6

0.4

0.2

0.0
p=0.30

follow-up (year)

121086420

D
ru

gs
 w

ith
 a

 s
er

io
us

 s
af

et
y 

is
su

e 1.0

0.8

0.6

0.4

0.2

0.0 p=0.38

follow-up (year)

121086420

D
ru

gs
 w

ith
 a

 s
er

io
us

 s
af

et
y 

is
su

e 1.0

0.8

0.6

0.4

0.2

0.0 p=0.14

follow-up (year)

121086420

D
ru

gs
 w

ith
 a

 s
er

io
us

 s
af

et
y 

is
ue

1.0

0.8

0.6

0.4

0.2

0.0
p=0.67

follow-up (year)

121086420

D
ru

gs
 w

ith
 a

 s
er

io
us

 s
af

et
y 

is
su

e 1.0

0.8

0.6

0.4

0.2

0.0 p=0.64

a First sensitivity analysis (n=279) b Reviewer A (n=105) c Reviewer B (n=105)

d Reviewer agreeing (n=71) e Human Drug Advisory Panel (n=65) f Prescrire International (n=65)

Fig. 5 Survival curves of innovative versus other drugs with serious safety issues post-approval (sensitivity analyses). a First sensitivity analyses

where grade A and B drugs in our classification system are grouped as ‘innovative’ drugs (dotted line) and grade C and pharmacological and

technological drugs as ‘others’ (solid line). The p value mentioned here is based on the log-rank test. The y-axis presents the proportion of drugs

with a first serious safety issue post-approval. The x-axis presents the number of years of follow-up post-approval. b–d Second sensitivity

analyses where the 105 drugs classified by the Dutch review team are presented. Reviewer A and B show initial classifications as made by a

single independent reviewer. ‘Reviewers agreeing’ presents the set of drugs on which reviewers agreed in their initial classification of level of

innovation (n = 71). Finally, e and d represent the survival curves when the classifications of drug innovation of the Canadian Human Drug

Advisory Panel and Prescrire International are used

Safety of Innovative Drugs 1113



postulated effects of rapid uptake and channeling of inno-

vative drugs seemed thus not to have played any important

role with respect to identification of safety issues for these

drugs.

Although innovative drugs have been approved

throughout the study period, it is of some concern that the

overall proportion of innovative drugs is lower than that

reported in 2006 [4]. This finding fits in the debate about

the declining efficiency in drug development, drug

approval success rates and lack of truly novel drug pro-

ducts [15, 26, 27] and warrants further consideration.

Although, for approximately a fifth of all drugs a new

serious safety issue was identified post-approval, this only

resulted occasionally in the drug being withdrawn from the

market.

4.1 Limitations

Our study only evaluated centralized-approved products in

Europe, which does not—especially in the earlier period—

cover all important new drug approvals across the various

European countries. This is, however, unlikely to have

affected our primary analysis of whether level of innova-

tion was associated with the probability of identifying

serious safety issues post-approval. Innovative and non-

innovative drugs were seemingly randomly distributed

across the study years and although the total follow-up

period (i.e., until the end of the study period or event) had a

sort of U-shaped curve across the levels of innovation, this

should allow for a proper analysis of time to event.

The power to detect differences may have been limited.

Since there is no accepted level of relevant difference in

the proportion of safety issues, it is difficult to conduct a

formal power calculation. We based our analysis on the

total number of approved products in Europe, almost from

the inception of the EMA in 1995. We argue that if a

difference cannot be observed after a maximal 13 years (or

a median of 8 years) of follow-up this difference may be

less relevant. The sample size was sufficiently large to find

a significant difference in proportion of drugs with a first

serious safety issue post-approval in the log-rank test.

Although, when we corrected for relevant confounders, that

difference did not remain significant. Repeating this study

in 5 years, for example, may therefore be worthwhile.

Any assessment has an inherent level of subjectivity to it.

The classification used by us is no exception. We performed

independent assessments for each drug and resolved any

discrepancies in consensus. This was a laborious exercise

but strengthened the robustness of the classification. In

addition, we conducted several sensitivity analyses. A pos-

sible limitation is the retrospective nature of assessing the

level of innovation. However, the EMA keeps the EPARs of

the original market application at its website, which we used

for assessing therapeutic innovation at the time of initial

approval. Finally, our data on drug exposure were limited.

We only had access to a national drug use database with

ambulatory care reimbursement claims for the period

2007–2011 and used this as a proxy for overall drug expo-

sure. This might not be representative for the whole of

Europe or for worldwide uptake. In addition, the restricted

period made it impossible to incorporate drug use as a time-

varying covariate in our model, which would better reflect

the true drug exposure in relation to the safety event.

5 Conclusion

Our study confirms that more than 40 % of new approved

drugs represent important or moderate therapeutic inno-

vations and showed that, after adjusting for potential con-

founders, the level of innovation was not clearly related to

the frequency and timing of serious safety issues identified

after marketing.
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