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Table 2 Numbers of new drug launches in the UK and degree of innovativeness by BNF chapter heading, 2001-2012

Degree of innovativeness

Slightly Moderately Highly
(n, % (n, % (n, % Total
category) category) category) (n, % total)
Year of new drug launch
2001-2004 54 58.7 18 19.6 20 21.7 92 31.7
2005—-2008 50 54.9 15 16.5 26 28.6 91 31.4
2009-2012 58 54.2 20 18.7 29 271 107 36.9
BNF chapter heading
Anaesthesia 1 33.3 1 33.3 1 33.3 3 1.0
Cardiovascular system 20 58.8 6 17.6 8 23.5 34 11.7
Central nervous system 18 56.3 9 28.1 5 15.6 32 11.0
Ear, nose and oropharynx 2 100.0 0 0.0 0 0.0 2 0.7
Endocrine system 22 66.7 7 21.2 4 12.1 33 11.4
Eye 9 90.0* 0 0.0 1 10.0 10 3.4
Gastrointestinal system 1 33.3 1 33.3 1 33.3 3 1.0
Immunological products and vaccines 6 100.0* 0 0.0 0 0.0 6 2.1
Infections 23 60.5 7 18.4 8 211 38 13.1
Malignant disease and immunosuppression 19 33.3 13 22.8 25 43.91 57 19.7
Musculoskeletal and joint diseases 9 56.3 3 18.8 4 25.0 16 5.5
Nutrition and blood 14 53.8 2 7.7 10 38.5 26 9.0
Obstetrics, gynaecology and 8 80.0 1 10.0 1 10.0 10 3.4
urinary-tract disorders
Respiratory system 8 61.5 2 15.4 3 23.1 13 4.5
Skin 2 28.6 1 14.3 4 57.1% 7 2.4
Total 162 55.9 53 18.3 75 25.9 290 100

*Proportion of slightly innovative drugs greater than total proportion of slightly innovative drugs, p<0.05 (one-tailed 2 test).
+Proportion of highly innovative drugs greater than total proportion of highly innovative drugs, p<0.05 (one-tailed 2 test).
BNF, British National Formulary.

and vaccines (p=0.014). In addition, 80% of new drugs in oropharynx chapters, were coded as slightly innovative,

the obstetrics, gynaecology and urinary-tract disorders  though these results were not statistically significantly dif-
chapter, and all new drugs in the ear, nose and  ferent from the overall proportion (p=0.59 and 0.10,

Figure 1 Numbers of new drug launches in the UK and degree of innovativeness by year, 2001-2012.
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respectively), and the latter group included only two
drugs.

DISCUSSION

This is the most up to date study that considers the inno-
vativeness of new drug introductions into the UK. The
BNF includes all medicinal products available for dis-
pensing in the UK, and the printed editions were
updated every 6 months, providing an accurate and reli-
able account of new drugs launched in the UK each
year. We identified an upward linear trend in the annual
numbers of slightly innovative new drugs launched in
the UK since 2004, which aligns closely with the recovery
in total numbers of new drug launches seen since that
time.'” No apparent similar increase in moderately
innovative or highly innovative new drugs was observed.
Just six broad therapeutic areas accounted for over
three-quarters of new drug introductions, and of these,
drugs for malignant disease and immunosuppression,
and nutrition and blood disorders were also more likely
to be categorised as highly innovative.

The criteria we used to determine innovativeness go
beyond simple notions of chemical innovation to con-
sider therapeutic advantage based on a very broad defin-
ition of clinical benefit. As such, we characterised a
number of first in class drugs as moderately rather than
highly innovative. However, we recognise that the criteria
are qualitative rather than quantitative, requiring some
value judgement to implement, and that some benefits
or harms may not be apparent early in a product life-
cycle, both of which could lead to misclassification (or
differences in classification depending on viewpoint)
that vary with time. Other commentators have further
developed ideas of what constitutes therapeutic advan-
tage and innovation to propose three axes of pharma-
ceutical innovation®: context of use (including existing
treatment options), product novelty (chemical, pharma-
cological and pharmaceutical) and impact (efficacy,
safety and ease of use with respect to existing therapies).
However, none of these criteria take direct account of
the public health and health service impact of a new
drug (disease severity, patient group size and likely
uptake); drugs in the highly innovative group include
those for rare metabolic disorders and last line therapies
as well as for diabetes mellitus and common malignan-
cies. Patient group size is one factor related to commer-
cial success,23 but the link with pharmaceutical novelty is
less clear. A study of new drugs approved in the USA
found a small commercial benefit for first in class as
compared with follow-on drugs of the same class.”*
However, this could be overcome by demonstrating a
clear therapeutic advantage, launch in a therapeutic
area characterised by ‘cycling’ of different drugs as
initial therapy fails, and effective marketing. Other com-
mentators have noted the high degree of drug utilisation
relating to subsequent indications rather than the initial
approved indication, and suggest that much innovation

and commercial productivity is not captured when con-
sidering new drug launches only,25 and this should be
the focus of further study.

The low levels of innovation observed in this study are of
clear concern to policymakers, who have responded with a
range of initiatives to better reward innovation (including
extending periods of market exclusivity in some circum-
stances?® 27), speed access to market, increase the collabor-
ation between commercial developers and health services
(including joint scientific advice with regulators), fund
basic and translational research programmes, and increase
the productivity of pharmaceutical development through
reducing the cost and complexity of drug development.*®
In the UK, technology appraisals undertaken by NICE
permit ‘the innovative nature of a technology’ to be con-
sidered as part of its deliberations, allowing a higher
opportunity cost than would usually be accepted.29 In add-
ition, the UK Medicines and Healthcare Products
Regulatory Agency has introduced an ‘Early Access to
Medicines Scheme’ that will allow patients with serious
conditions access to designated ‘Promising Innovative
Medicines’ that have not yet been approved where there is
a demonstration of unmet medical needgo; this sits along-
side the EMA’s adaptive licensing pilot, allowing staged
approvals incorporating real-world data.”’ Other initiatives
at the European level include a revision to the 2001
European Clinical Trials Directive, addressing concerns
about its negative impact on translational research,”® **
and long-standing financial incentives to develop drugs for
paediatric use?” and orphan indications, which are now a
significant and increasing proportion of all new drug
approvals.g4 »

Many of these policy initiatives are in the initial stages
of implementation, and though industry bodies have
generally welcomed their introduction, other commenta-
tors have identified areas of improvement for industry
itself, including reducing the numbers of late-stage fail-
ures through improved collaboration both with aca-
demia and between commercial developers,”® as well as
improved trial design and better use of real-world regis-
try data.®® In all cases, current actions and initiatives will
have long lead times to impact, and will need thorough
and careful assessment to ensure they deliver increasing
numbers of innovative drugs without unintended conse-
quences on public health and health service delivery
and affordability. Alongside this, commercial developers
require a full and comprehensive understanding of what
policymakers (including publicly funded health services,
such as the NHS) and patients value in pharmaceutical
innovation in order to direct their innovation efforts
towards commercially viable end points. Understanding
the interplay between the various stakeholders compet-
ing needs will be an important area for future research.
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Definitions used to identify new drugs from the British National Formulary (BNF).

Category Definition
New drugs New Chemical Entities Active chemical ingredient that appears in BNF for the first
(NCEs) time in any preparation or form.

New biologics

Biological product that appears in BNF for the first time in
any preparation or form. Includes biologic drugs;
recombinant blood products; and a new source or
preparation technique for hormone drugs.

Existing drugs New salts/esters

Appears in BNF for the first time in that form, where
previous forms of the compound have already been
entered.

Existing compounds

An active chemical ingredient or drug substance that has
already appeared in an earlier edition of the BNF, including
generic drugs.

Existing biologics

Biological product that appears in earlier edition of BNF.
Includes combinations of existing products (e.g.
combinations of existing insulins or other hormones) and
biosimilar products.

Other substances | Immunisations and

Passive or active immunisations/vaccines for the prevention

vaccines of disease.
Nutraceuticals & medical | Includes vitamins, dietary supplements, foods for special
foods diets, nutritionally complete or incomplete formulas for

intravenous nutrition, and oral rehydration products.

Natural products

A substance that occurs naturally and has not been
chemically manipulated, though mechanical manipulation
may have taken place.

Devices

E.g. inhaler spacer devices, bandages.

Diagnostic products

E.g. tests for helicobacter pylori. These are products used
for the detection and/or diagnosis of diseases rather than
as therapies.

Uncoded

An entry where no specific substances (active or otherwise)
have been named, e.g. ‘cleansing solution’.




Supplementary data file: New drugs launched in the UK and degree of innovativeness by
year, 2001 to 2012.

Year Drug name Brand name Degree of
innovation*
2001 | Alemtuzumab MabCampath 3
2001 | Almotriptan (as hydrogen malate) Almogran 1
2001 | Amprenavir Agenerase 1
2001 | Botulinum B toxin NeuroBloc 1
2001 | Capecitabine Xeloda 2
2001 | Darbepoetin alfa Aranesp 1
2001 | Deferiprone Ferriprox 1
2001 | Desloratadine Neoclarityn 1
2001 | Esomeprazole (as magnesium trihydrate) Nexium 1
2001 | Galantamine (as hydrobromide) Reminyl 1
2001 | Ganirelix Orgalutran 1
2001 | Glatiramer acetate Copaxone 3
2001 | Levetiracetam Keppra 3
2001 | Linezolid Zyvox 3
2001 | Lopinavir and ritonavir Kaletra 2
2001 | Lornoxicam Xefo 1
2001 | Nateglinide Starlix 1
2001 | Pioglitazone (as hydrochloride) Actos 1
2001 | Porfimer sodium Photofrin 3
2001 | Rasburicase Fasturtec 2
2001 | Sibutramine hydrochloride Reductil 2
2001 | Sirolimus Rapamune 2
2001 | Tegafur and uracil Uftoral 1
2001 | Tenecteplase Metalyse 1
2001 | Trastuzumab Herceptin 3
2001 | Trospium chloride Regurin 1
2001 | Zoledronic acid Zometa 1
2002 | Artemether and lumefantrine Riamet 2
2002 | Bexarotene Targretin 3
2002 | Bimatoprost Lumigan 1
2002 | Biphasic insulin aspart (recombinant human insulin NovoMix 30 1
analogue), insulin aspart and insulin aspart protamine
2002 | Bosentan (as monohydrate) Tracleer 3
2002 | Caspofungin (as acetate) Cancidas 3
2002 | Choriogonadotropin alfa Ovitrelle 1
2002 | Cilostazol Pletal 3
2002 | Drospirenone and ethinylestradiol Yasmin 1
2002 | Eletriptan (as hydrobromide) Relpax 1
2002 | Escitalopram (as oxalate) Cipralex 1
2002 | Etoricoxib Arcoxia 1




2002 | Fondaparinux sodium Arixtra 2
2002 | Ibandronic acid Bondronat 1
2002 | Imatinib (as mesilate) Glivec 3
2002 | Insulin glargine (recombinant human insulin analogue) Lantus 2
2002 | Levocetirizine dihydrochloride Xyzal 1
2002 | Lutropin alfa Luveris 2
2002 | Omega-3-acid ethyl esters (containing eicosapentaeonic | Omacor 1
acid and decosahexaeonic acid) and alpha-tocopherol
2002 | Parecoxib (as sodium salt) Dynastat 1
2002 | Peginterferon alfa-2a Pegasys 1
2002 | Protein C concentrate Ceprotin 1
2002 | Telithromycin Ketek 1
2002 | Tenofovir disoproxil (as fumarate) Viread 3
2002 | Travoprost Travatan 1
2002 | Valganciclovir (as hydrochloride) Valcyte 1
2003 | Adefovir dipivoxil Hepsera 2
2003 | Carglumic acid Carbaglu 3
2003 | Drotecogin alfa (activated) Xigris 2
2003 | Dutasteride Avodart 1
2003 | Ertapenem (as sodium salt) Invanz 1
2003 | Ezetimibe Ezetrol 3
2003 | Frovatriptan (as succinate) Migard 1
2003 | Memantine hydrochloride Ebixa 3
2003 | Moxifloxacin (as hydrochloride) Avelox 1
2003 | Olmesartan medoxomil Olmetec 1
2003 | Olopatadine (as hydrochloride) Opatanol 1
2003 | Oseltamivir (as phosphate) Tamiflu 1
2003 | Pegfilgrastim Neulasta 1
2003 | Pimecrolimus Elidel 1
2003 | Rosuvastatin (as calcium salt) Crestor 1
2003 | Tadalafil Cialis 1
2003 | Temoporfin Foscan 1
2003 | Valdecoxib Bextra 1
2003 | Vardenafil (as hydrochloride trihydrate) Levitra 1
2003 | Voriconazole Vfend 1
2004 | Adalimumab Humira 1
2004 | Aprepitant Emend 3
2004 | Aripiprazole Abilify 2
2004 | Atazanavir (as sulphate) Reyataz 1
2004 | Atomoxetine (as hydrochloride) Strattera 2
2004 | Bemiparin sodium Zibor 1
2004 | Bortezomib (as mannitol boronic ester) Velcade 3
2004 | Cetuximab Erbitux 3
2004 | Dolasetron mesilate Anzemet 1
2004 | Emtricitabine Emtriva 1




2004 | Enfuvirtide Fuzeon 3
2004 | Epinastine hydrochloride Relestat 1
2004 | Fulvestrant Faslodex 2
2004 | Insulin detemir (recombinant human insulin analogue) Levemir 1
2004 | Miglustat Zavesca 3
2004 | Pegvisomant Somavert 2
2004 | Teriparatide Foresteo 2
2004 | Thyrotropin alfa Thyrogen 2
2004 | Triptorelin (as acetate) Gonapeptyl 1
Depot
2005 | Anagrelide (as hydrochloride) Xagrid 3
2005 | Arsenic trioxide Trisenox 3
2005 | Bevacizumab Avastin 3
2005 | Bivalirudin Angiox 3
2005 | Ciclesonide Alvesco 1
2005 | Cinacalcet (as hydrochloride) Mimpara 3
2005 | Dexibuprofen Seractil 1
2005 | Duloxetine (as hydrochloride) Cymbalta 1
2005 | Duloxetine hydrochloride Yentreve 3
2005 | Efalizumab Raptiva 3
2005 | Eflornithine (as hydrochloride) Vaniga 3
2005 | Eplenerone Inspra 1
2005 | Fluprednidine acetate and miconazole nitrate Acorvio Plus 1
2005 | Fosamprenavir (as calcium) Telzir 1
2005 | High Purity Factor VIII and von Willbrand factor Optivate 1
concentrate
2005 | Palonosentron (as hydrochloride) Aloxi 1
2005 | Paracalcitol Zemplar 1
2005 | Pemetrexed (as disodium) Alimta 2
2005 | Pregabalin Lyrica 1
2005 | Rasagiline (as mesilate) Azilect 1
2005 | Solifenacin succinate Vesicare 1
2005 | Strontium ranelate Protelos 3
2005 | Zonisamide Zonegran 2
2006 | Carbetocin Pabal 1
2006 | Clofarabine Evoltra 1
2006 | Daptomycin Cubicin 2
2006 | Entecavir (as monohydrate) Baraclude 1
2006 | Erlotinib (as hydrochloride) Tarceva 2
2006 | Insulin glulisine (recombinant human insulin analogue) Apidra 1
2006 | Ivabradine (as hydrochloride) Procoralan 3
2006 | Linseed extract (containing polysaccharides) w Salinum 1
dipotassium buffer and preservatives
2006 | Lumiracoxib Prexige 1
2006 | Mitotane Lysodren 3




2006 | Omalizumab Xolair 3
2006 | Parathyroid hormone (rdna) and dilutent Preotact 1
2006 | Pegaptanib (as sodium salt) Macugen 3
2006 | Posaconazole Noxafil 1
2006 | Rimonabant Acomplia 3
2006 | Rotigotine Neupro 1
2006 | Tigecycline Tygacil 2
2006 | Tipranavir Aptivus 1
2007 | Abatacept Orencia 3
2007 | Alglucosidase alfa Myozyme 3
2007 | Darifenacin (as hydrobromide) Emselex 1
2007 | Darunavir (as ethanolate) Prezista 1
2007 | Dasatinib (as monohydrate) Sprycel 1
2007 | Deferasirox Exjade 1
2007 | Dexrazoxane (as hydrochloride) Savene 2
2007 | Erdosteine Erdotin 1
2007 | Exenatide Byetta 3
2007 | Galsulfase Naglazyme 3
2007 | Idursulfase Elaprase 3
2007 | Lanthanum (as carbonate hydrate) Fosrenol 1
2007 | Lenalidomide Revlimid 2
2007 | Natalizumab Tysabri 3
2007 | Paliperidone Invega 1
2007 | Ranibizumab Lucentis 1
2007 | Sitagliptin (as phosphate) Januvia 3
2007 | Sitaxentan sodium Thelin 2
2007 | Sorafenib (as tosylate) Nexavar 2
2007 | Sunitinib (as malate) Sutent 2
2007 | Telbivudine Sebivo 1
2007 | Urokinase Syner-KINASE 1
2007 | Varenicline (as tartrate) Champix 2
2008 | Aliskiren Rasilez 3
2008 | Anidulafungin Ecalta 1
2008 | Antithrombin alfa Atryn 1
2008 | Betaine (anhydrous) Cystadane 1
2008 | Colesevelam hydrochloride Cholestagel 1
2008 | Dabigatran etexilate (as mesilate) Pradaxa 2
2008 | Dried prombothin complex Beriplex 1
2008 | Epoetin delta Dynepo 1
2008 | Epoetin zeta Retacrit 1
2008 | Fesoterodine fumarate Toviaz 1
2008 | Fosaprepitant (as dimeglumine) Ivemend 1
2008 | Lapatinib Tyverb 2
2008 | Loteprednole etabonate Lotemax 1




2008 | Maraviroc Celsentri 3
2008 | Mecasermin Increlex 2
2008 | Melatonin Circadin 1
2008 | Methoxy polyethylene glycol-epoetin beta Mircera 1
2008 | Micafungin (as sodium) Mycamine 1
2008 | Nelarabine Atriance 1
2008 | Nilotinib (as hydrochloride monohydrate) Tasigna 1
2008 | Panitumumab Vectibix 1
2008 | Raltegravir (as potassium) Isentress 3
2008 | Retapamulin Altargo 3
2008 | Rufinamide Inovelon 2
2008 | Stiripentol Diacomit 2
2008 | Trabectedin Yondelis 3
2008 | Vildagliptin Galvus 1
2009 | Agomelatine Valdoxan 3
2009 | Alitretinoin Toctino 2
2009 | Ambrisentan Volibris 1
2009 | Azacitidine Vidaza 3
2009 | Cl-esterase inhibitor Berinert 3
2009 | Degarelix (as acetate) Firmagon 3
2009 | Doripenem (as monohydrate) Doribax 1
2009 | Etravirine Intelence 1
2009 | Fluticasone furoate Avamys 1
2009 | Histrelin (as acetate) Vantas 1
2009 | Icatibant (as acetate) Firazyr 2
2009 | Lacosamide Vimpat 2
2009 | Methylnaltrexone bromide Relistor 2
2009 | Nepafenac Nevanac 1
2009 | Prasugrel (as hydrochloride) Efient 1
2009 | Rabbit anti-human thymocyte immunoglobulin Thymoglobuline 1
2009 | Ranolazine Ranexa 3
2009 | Rivaroxaban Xarelto 3
2009 | Sapropterin dihydrochloride Kuvan 3
2009 | Sugammadex (as sodium salt) Bridion 3
2009 | Temsirolimus Torisel 3
2009 | Ustekinumab Stelara 3
2010 | Amifampridine (as phosphate) Firdapse 1
2010 | Aztreonam (as lysine) Cayston powder 2
2010 | Canakinumab llaris 3
2010 | Certolizumab pegol Cimzia 1
2010 | Corifollitropin alfa Elonva 1
2010 | Denosumab Prolia 3
2010 | Doxycycline (as monohydrate) Efracea 1
2010 | Dronedarone (as hydrochloride) Multaq 2




2010 | Eltrombopag (as olamine) Revolade 2
2010 | Eslicarbazepine acetate Zebinix 1
2010 | Everolimus Afinitor 2
2010 | Febuxostat Adenuric 2
2010 | Gefitinib Iressa 3
2010 | Histamine dihydrochloride Ceplene 2
2010 | Hydroxypropyl guar Systane 1
2010 | Liraglutide Victoza 1
2010 | Mifamurtide Mepact 3
2010 | Nicotinic acid and laropiprant Tredaptive 1
2010 | Ofatumumab Arzerra 1
2010 | Plerixafor Mozobil 3
2010 | Prucalopride (as succinate) Resolor 3
2010 | Romiplostim Nplate 3
2010 | Rupatadine (as fumarate) Rupafin 1
2010 | Saxagliptin (as hydrochloride) Onglyza 1
2010 | Tafluprost Saflutan 1
2010 | Tocilizumab RoActemra 3
2010 | Tolvaptan Samsca 2
2010 | Ulipristal acetate EllaOne 2
2010 | Vinflunine (as ditartrate) Javlor 1
2011 | Alteplase Actilyse Cathflo 1
2011 | Bendamustine hydrochloride Levact 1
2011 | Bilastine llaxten 1
2011 | Biphasic isophane insulin (human, crb) Insuman Comb 25 1
SoloStar
2011 | Biphasic isophane insulin (human, prb) Humulin M3 1
KwikPen
2011 | Botulinum toxin type A Bocouture 1
2011 | Cabazitaxel Jevtana 1
2011 | Collagenase Clostridium histolyticum Xiapex 3
2011 | Eribulin (as mesilate) Halaven 3
2011 | Fibrinogen, dried Riastap 1
2011 | Filgrastim Tevagrastim 1
2011 | Filgrastim Nivestim 1
2011 | Fingolimod (as hydrochloride) Gilenya 3
2011 | Golimumab Simponi 1
2011 | Hepatitis B-specific immunoglobulin Zutectra 1
2011 | Indacaterol (as maleate) Onbrez 2
Breezhaler
2011 | Interferon beta-1a Rebif (Rebidose) 1
2011 | lron isomaltoside 1000 Monofer 1
2011 | Isophane insulin (human, crb) Insuman Basal
Solostar
2011 | Isophane insulin (human, prb) Humulin | 1

KwikPen




2011 | Normal immunoglobulin Gammanorm 1
2011 | Normal immunoglobulin Octagam 1
2011 | Pazopanib (as hydrochloride) Votrient 2
2011 | Roflumilast Daxas 3
2011 | Somatropin (rbe) Genotropin 1
GoQuick
2011 | Tapentadol (as hydrochloride) Palexia 2
2011 | Ticagrelor Brilique 2
2011 | Velaglucerase alfa VPRIV 1
2012 | Abiraterone acetate Zytiga 3
2012 | Apixaban Eliquis 1
2012 | Argatroban monohydrate Exembol 1
2012 | Asenapine (as maleate) Sycrest 1
2012 | Azilsartan medoxomil (as potassium salt) Edarbi 1
2012 | Belatacept Nulojix 1
2012 | Belimumab Benlysta 3
2012 | Boceprevir Victrelis 3
2012 | Cl-esterase inhibitor Cinryze 1
2012 | Catumaxomab Removab 3
2012 | Conestat alfa Ruconest 1
2012 | Denosumab XGEVA 1
2012 | Dexmedetomidine (as hydrochloride) Dexdor 2
2012 | Fampridine Fampyra 2
2012 | Fidaxomicin Dificlir 2
2012 | Ipilimumab Yervoy 3
2012 | Linagliptin Trajenta 1
2012 | Normal immunoglobulin Aragam 1
2012 | Normal immunoglobulin Gamunex 1
2012 | Normal immunoglobulin Hizentra 1
2012 | Rifaximin Xifaxanta 1
2012 | Rilpivirine (as hydrochloride) Edurant 1
2012 | Succinylated gelatin (modified fluid gelatin, average Gelaspan 1
molecular weight 26 500)
2012 | Tegafur with gimeracil and oteracil (as potassium salt) Teysuno 1
2012 | Telaprevir Incivo 3
2012 | Tenofovir disoproxil (as fumarate) with emtricitabine Eviplera 1
and rilpivirine (as hydrochloride)
2012 | Vandetanib Caprelsa 2
2012 | Vemurafenib (as co-precipitate of vemurafenib and Zelboraf 3

hypromellose acetate succinate)

* Degree of innovation classified as follows:

1. Slightly innovative
2. Moderately innovative
3. Highly innovative




