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Abstract

Introduction Authorization of orphan medicinal products
(OMPs) is often based on studies with several method-
ological shortcomings. Hence, data are difficult to interpret
and efficacy does not always correspond to real-world
effectiveness. We investigated to what extent an efficacy-
effectiveness gap exists for OMPs for metabolic diseases
and set out to explore which factors contribute to it.
Methods We included all OMPs for rare metabolic dis-
eases authorized in the EU up to 1 January 2016. Efficacy
data were obtained from European Public Assessment
Reports, relative effectiveness data from the Dutch
National Healthcare Institute website, and real-world
effectiveness data from literature and interviews with
experts and patients. Efficacy and effectiveness were
scored as ‘no effect’, ‘unclear’ or ‘good’ based upon a
prespecified scoring system.

Results We identified 31 authorized OMPs, of which 21
had post-marketing studies available, thus making it pos-
sible to score real-world effectiveness. Eight of 21 (38%)
OMPs had a ‘good’ real-world effectiveness. The use of a
clinical or validated surrogate primary endpoint and a
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representative study population seemed to be related to
good effectiveness in the real world, as were type of
marketing authorization, study population and disease
prevalence.

Conclusions This study revealed that less than half of the
authorized OMPs are effective in the real world. Since the
type of primary endpoint used in the pivotal study seems to
be associated with good real-world effectiveness, it is
important to agree upon study endpoints through early
dialogues among relevant stakeholders.

Key Points

Less than half of the authorized orphan drugs for
metabolic diseases show good effectiveness in the
real world.

Of drugs with an unclear efficacy at the time of
authorization only 21% had good real-world
effectiveness.

The use of a clinical or validated surrogate primary
endpoint in the pivotal study seems to be the most
important factor associated with good real-world
effectiveness.

1 Introduction
In the European Union (EU), a disease is considered

orphan if it is a life-threatening or seriously debilitating
disorder, with a prevalence of less than 5 in 10,000. Up to
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now, about 7000 rare diseases have been documented,
affecting 30—40 million people in the EU [1]. In the past
16 years, 130 orphan drugs have been marketed. Initially,
the small consumer’s market offered little attraction to the
pharmaceutical industry to develop drugs for rare diseases.
To stimulate the development of orphan drugs, European
legislation was introduced in 2000. The legislation implies
that, for a product with orphan status, the pharmaceutical
industry is entitled to receive (1) a fee reduction for sci-
entific advice, (2) reduction of fees for marketing autho-
rization application, (3) centralized registration in the EU,
and (4) 10 years’ market exclusivity after marketing
authorization [2]. Since the implementation of the Orphan
Drug Legislation and its incentives, orphan medicinal
products (OMPs) are being developed at an increasing rate.
In 2015, for example, the European Medicines Agency
(EMA) approved 14 OMPs, whereas in 2000 only three
OMPs were approved [3]. In addition, more than 40% of all
registered OMPs have been developed in the past 5 years
[4]. Expectations are that the development rate of OMPs
will only increase in the future [5].

Since patients with rare diseases have the same right to
access to effective and safe drugs as all other patients,
robust evidence is needed regarding benefits and risks. At
evaluation of OMPs, however, regulatory authorities are
often confronted with difficulties that are inherent to the
rarity of the diseases for which the drugs are developed.
Interpretation of data is often hampered, because clinical
trials may lack a placebo control, are open label or are
performed in a limited number of patients. Moreover, the
heterogeneity of each disease and the frequent use of non-
validated biomarkers or functional outcome measures
(FOMs) may hamper reliable interpretation of data [6—8]. It
is important to emphasize that biomarkers or FOMs are
only ‘surrogate endpoints’ if they are validated (Box 1).

The regulatory authorities assess the benefit/risk ratio of
OMPs based on the evidence provided in the dossier sub-
mitted to the EMA. In case the evidence is insufficient to
conclude on a positive benefit/risk ratio and thereby to
grant a full marketing authorization, the EU legislation
allows two alternatives. The first is a ‘conditional
approval’, which can be granted for drugs when the clinical
data are limited, but indicate a positive benefit/risk ratio,
and when it is likely that additional data will be provided in
a reasonable timeframe. If the additional data confirm the
positive benefit/risk ratio, the conditional approval can be
changed to a full marketing authorization. The second is a
marketing authorization under ‘exceptional circumstances’,
which is granted in cases when limited data are provided at
the time of marketing authorization application, but addi-
tional data cannot reasonably be expected to be delivered
in the future due to for example the rarity of the disease [9].
Nonetheless, the marketing authorization holder (MAH) is
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generally requested by the regulatory authorities to collect
additional data on safety and long-term effectiveness in the
post-marketing period.

After marketing authorization, regulatory authorities in
each EU member state make their own assessment before
granting reimbursement. These national assessments may
for example take into account relative effectiveness—the
‘net benefit’ of the new drug needs to be desirable, suffi-
ciently big and a relevant addition to the present care—
probability of real-world effectiveness as well as cost-ef-
fectiveness. The debate on real-world effectiveness has
recently been fueled by the authorization of a drug for
mucopolysaccharidosis (MPS) 1V, elosulfase alfa (Vimi-
zim®). It was granted a full marketing authorization by the
EMA on the basis of a favorable benefit/risk ratio regarding
quality, safety and efficacy data submitted by the manu-
facturer [10]. This was mainly based on a short-term study
that showed a significant increase in mobility, using the
6-min walk test (-MWT). However, it was rejected for
reimbursement by several national authorities (e.g., The
Netherlands, Sweden, Belgium and Spain). The Dutch
reimbursement authority (Zorginstituut Nederland, ZiN)
stated that the data are limited to a suboptimal short-term
outcome in a heterogeneous population, showing a small
effect with a wide confidence interval that is not clinically
relevant, herewith estimating a small probability of good
real-world effectiveness.

This difference between the opinion of the EMA (or
other regulatory authorities such as the US Food and Drug
Administration) and the (estimated) real-world effective-
ness is in the literature often referred to as the ‘efficacy-
effectiveness gap’ and is particularly an issue in the field of
orphan drugs [11]. To support the harmonized decisions of
the EMA and the national reimbursement authorities in the
future, it is important to bridge this gap. Hence, the purpose
of our research project is to investigate whether data used
for authorization (i.e. data from the pivotal studies) are
predictive for real-world effectiveness (i.e. effect on clin-
ical endpoints in clinical practice and post-marketing), and
to explore which factors contribute to the efficacy-effec-
tiveness gap. In this article we focus on OMPs for meta-
bolic diseases. Based on the results of this study we aim to
provide recommendations to be used by both investigators
and regulators in order to reduce this gap and improve both
access to and appropriate use of such medicines.

2 Methods

The ‘Community register of orphan medicinal products for
human use’ of the European Commission was used to
identify all OMPs that were authorized for the treatment of
metabolic diseases up to 1 January 2016 [14]. A detailed
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Box 1: Definitions of endpoints

Several terms are used to describe measurements of disease and treatment effects, such as biomarkers, surrogate markers, surrogate endpoints,
intermediate endpoints, etc. We applied the definitions of the Biomarker Definitions Working group [12]. The definition of ‘functional
outcome measure’ was inspired by an article on Duchenne Muscular Dystrophy [13]

Biomarker A characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes or

pharmacological responses to a therapeutic intervention

Functional outcome measure A characteristic that is measured by either a function test or a (disease) symptom score

Surrogate endpoint A biomarker or functional outcome measure that is intended to substitute for a clinical endpoint and is expected to predict
clinical benefit (or harm or lack of benefit or harm). Only a small subset of biomarkers and functional outcome measures may achieve
surrogate endpoint status based on epidemiological, therapeutic, pathophysiological or other scientific evidence

Clinical endpoint A characteristic or variable that reflects how a patient feels, functions or survives

description of study methods can be found in Supplemen-
tary Table 1.

2.1 Pre-Marketing Data

To collect information on the pivotal studies (pre-market-
ing data), European Public Assessment Reports (EPARs)
were used, which are available on the website of the EMA.
We assessed the quality of evidence of the pivotal studies
using the COMPASS (Clinical evidence of Orphan
Medicinal Products—an ASSessment) tool [15]. In addition,
we scored the efficacy of the OMPs based on the effect on
primary and secondary endpoints in the pivotal studies and
the considerations of the EMA as set out in the EPARs as
follows: category 3 = good efficacy, category 1 or
2 = unclear efficacy, and category 0O = no effect
(Table 1).

2.2 Post-Marketing Data

We divided the evaluation of effectiveness in two phases:
(1) relative effectiveness at the time of reimbursement
decisions by the Dutch National Health Care Institute, and
(2) real-world effectiveness, including all post-marketing
literature that was available until June 2016, supplemented
with experts’ and patients’ opinions. If an OMP was
authorized after January 2014 it was assumed that no
reliable estimate of the real-world effectiveness could be
made. Similar to pre-marketing data, the effectiveness of
each OMP was divided into three categories as defined by
the authors: category 3 = good effectiveness, category 2 or
1 = unclear effectiveness, or category 0 = no effect
(Table 1). In addition, experts were interviewed and their
opinions were used to up- or downgrade the category a
drug received by one category at most. Also, expert opin-
ions were used to select relevant post-marketing studies.
Patients were approached to fill in a short online survey
with questions about their main symptoms and their opin-
ion on the choice of endpoints in clinical trials. Patients’
opinions were taken into consideration upon identifying
relevant clinical endpoints.

2.3 Statistical Analysis

To explore which factors contribute to the efficacy-effec-
tiveness gap, the variables of the COMPASS tool as well as
the relative and real-world effectiveness were dichotomized
and compared with 2 x 2 tables. COMPASS variables were
dichotomized as follows: type of primary endpoint was
divided into clinical endpoints and surrogate endpoints
versus non-validated biomarkers and FOMs, study popula-
tion into extreme selection of patient population versus
representative selection of patient population, type of mar-
keting authorization into exceptional or conditional versus
full authorization, study phase into phase III versus other
phases, randomization into yes or no, and disease prevalence
into rare or ultra-rare. Relative and real-world effectiveness
were divided into ‘no or unclear effect’ (category 0, 1 or 2) or
‘good effect’ (category 3). Fisher’s exact test was used to
assess statistical significance. A similar analysis was per-
formed to compare efficacy [dichotomized into ‘no or
unclear efficacy’ (category 0, 1 or 2) or ‘good efficacy’
(category 3)] and effectiveness. All analyses were performed
using IBM SPSS Statistics version 22.

3 Results

3.1 Orphan Medicinal Products (OMPs)
and Indications

We included 27 OMPs in our study, which were authorized
for 25 metabolic orphan diseases (Table 2). Four OMPs
were authorized for two different indications (miglustat,
carglumic acid and pasireotide) or for different age groups
(alglucosidase alfa), adding up to a total of 31 OMPs.

3.2 Pre-Marketing Data—Characteristics of Pivotal
Studies

From the EPARs of the abovementioned 31 OMPs, 40

‘pivotal’ or ‘main’ studies were identified (Table 3).
Nineteen of these 40 (47%) studies were phase III studies,
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Table 1 Categories of efficacy and effectiveness

Conclusion Category
Efficacy Effectiveness
Clinically relevant® effect on >1 clinical or surrogate endpoint when compared with standard of Efficacy is Effectiveness is 3
care good good
OMP is implemented in (inter)national state of the art guideline and quality of evidence is good n/a Effectiveness is 3
good
Statistically significant effect on >1 clinical endpoint or surrogate endpoint Efficacy is Effectiveness is 2
unclear unclear
No study on effect on clinical endpoints, but a statistically significant effect on (non-validated)  Efficacy is Effectiveness is 1
biomarker or functional outcome measure unclear unclear
Studies provided by manufacturer fail to show clinically relevant or statistically significant effect No clinical n/a 0
on clinical endpoint(s) effect
Post-marketing studies show that there is no clinically relevant or statistically significant effect on n/a No clinical 0
clinical endpoint(s) effect
No reimbursement decision is made yet. No post-marketing studies (or authorization after January n/a Cannot be n/a
2014) evaluated

? Defined as: The extent to which a new therapy contributes to a meaningful (positive) change in daily-life activities

n/a Not applicable

and the majority were multicentre (30/40, 75%) and
multinational (25/40, 63%). In 26/40 (65%) studies the
allocation was randomized and a control arm was used in
27/40 (67%). Nineteen of the 40 (47%) studies applied
some type of blinding. In 6/40 (15%) studies, the study
population was an extreme selection of the patient popu-
lation due to strict inclusion criteria (i.e., only men inclu-
ded, considerable proportion of patients were physically
unable to perform primary outcome measure test, etc.).
Five of the 31 (16%) OMPs were authorized on the basis of
an improvement on a clinical endpoint, while changes in
FOMs or biomarkers resulted in the approval of 6/31 (19%)
and 20/31 (65%) OMPs, respectively. Of the latter 20,
seven used biomarkers that were classified as surrogate
endpoints.

3.3 Pre-Marketing Data—Efficacy

Category 3 (good efficacy, see Table 1) was assigned to
11/31 (35%) OMPs, category 2 (unclear efficacy) to 9/31
(30%) and category 1 (unclear efficacy) to 11/31 (35%)
(Table 2). Supplementary Table 2 gives an overview of the
EMA considerations upon authorizing the individual
OMPs, including the post-marketing commitments as
agreed upon with the MAHs.

3.4 Post-Marketing Data—Relative Effectiveness
at the Time of Reimbursement Decisions

Eleven OMPs were not yet assessed by the Dutch National

Health Care Institute for one of the following reasons: (1)
marketing authorization was granted only recently, (2) the
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OMP did not carry a claim of added benefit, or (3) the
OMP did not have an annual budget impact exceeding
2.5 million euros [5]. Of the remaining 20 OMPs, 7/20
(35%) were classified as category 3 (good effectiveness),
while 13/20 (65%) OMPs were categorized as category |1
or 2 (unclear effectiveness) (Table 2).

3.5 Post-Marketing Data—Real-World Effectiveness

For ten OMPs either no post-marketing studies were per-
formed or a reliable judgement about effectiveness could
not be made since marketing authorization was granted
after January 2014 (Table 2). Of the 21 OMPs with post-
marketing studies available, 8/21 (38%) were classified as
category 3 (good effectiveness), 8/21 (38%) as category 2
(unclear effectiveness) and 4/21 (19%) as category 1 (un-
clear effectiveness). One OMP (5%) was categorized as
category O (no effect). See Supplementary Table 3 for an
overview of post-marketing evidence used. Forty-one
experts participated in an in-depth interview, resulting in a
range of 0-3 experts per OMP. For two OMPs no experts
were willing to participate. Eight experts were involved in
the pivotal trials of eight OMPs. Of these, three OMPs
were not included in our analysis since post-marketing data
were not (yet) available. Following expert opinions, the
judgement on real-world effectiveness was upgraded for
two OMPs and downgraded for one OMP (Table 2). A
sensitivity analysis without up-/downgrading the categories
according to expert opinion did not change the results.
Seven patient organizations (POs) were approached rep-
resenting 25 orphan diseases and 27 OMPs. Four out of
seven POs (57%) were willing to participate. The



1465

The efficacy-effectiveness gap in the case of orphan drugs

(Kouatoyap
S[9A3] SDVN 01 anp)
K3 € € eruowwe ewseld  Jeuondooxyg €00T eruwrouowrwreIadAH | CN[3eqre)  proe omunjse)
S[A9] Kouaroyop JoA0AIRdn
B/u B/U € opLIodK[31 Sunse]  [euondodxq 2102 asedi] urojordodry BIQAID uadodiry
I odKy
€ ¢ ¢ [eAlamg _reuondooxyg S00T BIWOUISOIA) ATBIIPAIOH LUIPRIIO QUOUISTIN
S[9AJ] dUNSAD
¢ B/U 4 199 POO[q NIYAA m4g €10T SISOUNsAD qlasko01d qurueydedIop
B/Uu C € S[9AJ] UINSAIOWOH g 00T BLINUNSAOOWOH QuepeIsL) qurelog
pPoo[q
ul UoNeIUIdU0D
¢ ¢ € urueeAudyq mg 800T BLINUOIN[AUSYJ ueANY| unaydordeg
uonezijeuLiou Koudroyop
B/u B/U € LVIV ‘TeAlaang g S10T -osed1] proe [BWOSOSA] ewnuey  eje asedipqes
(woIpuAg
I 1 1 IMW-ZI  Teuondooxqg 9007 AweT-xnedore|y) 9 SJIN  PwAze[SeN asej[ns[en
(aseasip
B/u I I IMN-9 g ¥10C ombIopy) ey SdN WIZIWIA -~ Bje 9SBJNSo[q
1 I (4 DAJ Pue JMMW-9  [euondooxy LOOT  (9seastp IMunH) 7 SAN aseaderg 9SgJ[nsInpy
4 I I DAL PUB JMW-9 Jeuondooxyg €00T  (eseosIp JOLINH) [ SJN  PWAzemply 9SepIuo.Ie]
OAA
PUe LMA-9 SHOPY
C I I (sa1pmys eJe
€ € € 7) [BAIAIDS :sjueju] g 9002 aseastp adwog QWAZOAN 9sepIsoon[3[y
S[9A9]
€-1D [BIpIedoAw
T 4 € ‘ured onpedoana  _[euondooxyg 1002 aseasip Aiqeq JJesejdoy  eyje osepisedy
Ksdorq Ksupry
z I I B ur uononpal ¢-19  [euondooxg 100C oseasip A1qeJ  QWAzeIqe]  ©1oq Asepis[edy
sxajweIed
[ed130[0)eWRY
'/u B/U T ‘QunjoA udddg g S10T EN:NIR el plilTy) e3[op1o) jeIsn[3g
UoneIUIdU0D eje
o€ C C uiqojSourdy g 0102 9SBASIP IAYONEen) Adp 9se1oon[Se[OA
»0 C ! &noojpa WASH — Teuondaoxy 900¢ D dId-UuBWvIN ¢
T T ¢ 9zIS J9Al] pue uddg  [euondeoxy 700C 9SBASIp Joyonen) | LBOSaARZ 1eIsn[3IA
SSOUIATIIRYJO (N1Z)
pliom UOISIOOp JudWdsINquIRI  (YINH) uonezuoyine Apnis [ejoald  uonezLIOYINE  UONEZLIOYINE
-Tea1 K103938)D Jo awn Je A1039)18)D) Jo own Je A108918) Ul jurodpus Arewtg Jo odA], Jo Ieax aseasI 3nig QUIBU OLIQUAD)

910T PuUB (0007 Uoom1aq H Y} Ul POZLIOyINe SIseIsIp drjoqelaut 10J (SJINO) s1onpoid [eurdrpowr ueydio Jo MIIAIOAQ T dqeL

A\ Adis



Y. Schuller et al.

1466

IIBWIONQ 24MSDIUL 2ul021n0 [puondunf ‘3yegdorans (pajepijes) Juiodpud [edmur)) 4

uorurdo 11adxe (enredwr) Surmor[oj (¢ 03 g woly) papei3dn sem 100§ S

93uryD 10U PIp 21008 [BUY JUY ‘¢ SBM 21008 [RUISLIO ‘19AdmOH uotuido 11adxa Suimorjoy papeiddn sem 91008

a3ueyD JOU PIP I0S [RUY U () SeM QIS [RUISLIO “I9AdMOH "UoTuIdo 11adxa SUIMO[[0] PIPEISUMOD SEM AI00S

Jeuondaoxa, jo peaisul Jeuonipuod, A[enjoe sem [eaoidde [eurduo oy jey) Surkjdur
IIMAIAY “IOP[OY uonezuoyne Sunayrew ay) £q papraoid sem ejep [euonippe iy Jeaoidde [ny, 01 paSueyo 11 Yydd oy ur Jeuondooxs, se payisse[o st [eaoidde jo odA) oy ySnoyiry

paaoxduir st jusunean o}
90URIdYpE pue paonpal st Kouonbaiy Sursop ‘AQaISH "9ourISqNS JATIOR JY) JO ISBI[AI PIAR[IP © JOJ SMO[[E 1B} UOHIB[NULIOJ € UI J[QR[IBAE JIE SI[qE) [QAOU Y} INq ‘SILAA AUBWI 10 PIsn U3dq dARY
sSnIp yoq Jo suioy [ednnadeuLreyd ayJ, ((SUOSIIOI0IPAY PUE SUIWIE)SAD) SOUBISNS SANOE SWES 3y} SUIUIEIUOD ,SUIDIPIW 30USISJAI, © O} Je[1wls dre A3y jey) Supedpul ‘ sauldpaw puqiy,

Aiaisnjoxa jaxrew Jo porrad 1eak-(1 9y Jo pus ay) e syonpoid [eurdrpaw ueydio Jo I9ISISaI ANUNWWOD JY) WOLJ UMBIPYIA
(mnsuy are) yjeay [euoneN yomng)
PUR[IOPAN INMINSUISIOZ N1Z ‘OSBIRIUAS djewreIn]3[A100e-N SOVYN ‘@[qedridde JoN v/u ‘T 10308 YIMOIS SYI[-UINSUT J-.7O] ‘JUSWIAOW 9K JIPLIDES [BIUOZLIOY JWHSH ‘OPIWEIdd[ASORINOqo[s
£-79 ‘Quourioy yymoi3 go ‘Kyoeded [BI1A PadIOJ DA ‘[0S0 991) D ‘Aoualdy sourdIpojy ueadoiny Yy ‘OSeIdjsueljoulue QUIUB[R 7TV 159} Y[em UTW-7| JMMW-Z] 159} J[em utw-9 JM -9

dansodxd euAydiodoyoxd
B/u B/U 7 ySiuns jo uoneinq  [euondooxyg 102 onerodorypArg 955U Jpnoue[oWE)Y
(sarpnys
'/U '/U z ) A110Ads syoyory  [euondooxyg G102 eisejeydsoydodAg bisuong BJ[E 9SBJOJSY
S[9A9] areakingAuayd
B/Uu B/u z BIUOWIE POO[q g S10T SIOPIOSIP 9[0Kd BAIN noTARYy [010041D)
z z ¢ SUONENUIIUOD [-ID] g 2002 K[eSoworoy JRREIN:LI N juewostaSoq
Y T Dd ATeunm
€ I [ ‘S[9AQ [0SIOD BWISE[J A S10T QWOIPUAS S Surysn)  9[0ZBU0S0II] 9[0ZeU02030Y]
(I-491 pue HD)
[01U0J [edTWAYd0Ig
4 C I NEIE g T10e Ae3awomny ¢
I I I [0S1105 921} AlTeuLif) g (41014 aseasIp s, Surysn) | ITojiusts opnoalised
1 B/U I [0SII0D WNIAS g 1102 Kouaroyjnsul [BUAIPY qUOIPBURJ  SUOSTIHOJ0IPAH
uonouny IOAI SISOUJUAS PIOR 9[Iq
'/ B/u € pue S[oAQ[ proe o[ig  [euondooxyg ¢10¢  Arewnd ur s1o1re uroquy [ooeydiQ proe a10y)
uonouny IOAI[ SISOUJUAS pIoE 9[Iq
B/u B/u z pue s[oAd[ proe 9[ig  [euondaoxyg 107 Arewnd ur s1o1e uroqup wreq[oy] pIoE d1j0yD)
€ € € sfoa9[ 1addop 1A 00T 9SLASIP S UOS[IA SUTZITAN ourz
(senmnpioe
S[oAJ[ S1esio 0} anp)
4 B/U I BIUOWWE BWSB[] g 110C eruwouowrweradAy g
SSOUIAIIIRYJO (N1Z)
priom UOISIOOP JUAWASINqUIRI  (YIAH) UonezLIoyine Apmys [ejoard  uomezmoyne uoneZLIOYINE
-Tea1 K103918)D Jo awn Je K1039)18)D Jo swn 1 A108918)  ur gurtodpus Arewg Jo odAg, Jo Ieax aseasIg Snig QUWIBU OLIQUAD)

penunuod g dqe],

A\ Adis



1467

The efficacy-effectiveness gap in the case of orphan drugs

10
ON 8 sypuowr ¢ SOA B/u ON ON Iedjrewiolq SO EEIN AN -010-LINV
0
SOx S syoom 87 SOX e/u ON ON Ioreworg ON SOX AN -110-LINV 29A0ATEdI],
10
ON vl syom 7] SOX e/u ON ON Ioyreworg ON ON AN -T10-LAV suagodiyy
ON L0T AN SOA e/u ON ON [eomtd SOA SOA AN Apmis DEIN QUOUISHIN
pagnsnl
SOx ¢t syoom § SOx nq ‘oN SOx dwoo oAnoy  9jedorng SOX SOX 11 €0-€01dd surweydedroy
ON ovIF B/u SOx B/u B/Uu B/U  IOyIewolq B/Uu B/u e/u  suodar ase) Jurelog
ON 94 syoom Q1 SOA SOX S9A 0gade[] eSorng SO EEIN I 900-N>1d
ON 88 syoom 9 SOx SOK SOx 0godeld ,desoung SOX SOX 11 €00-N3Id urroydordeg
SyooMm 80T
ON 6 01 dn SOA B/u ON ON [ed1UI[D SOA EEIN AN €0IDIVI
RN 99 S3eam (¢ SOA S9A SOA 0Qadeld IoyIeworq AN SOA or  coId-1vI1 ej[e asedI[aqag
ON 6¢ SYoaMm ¢ ON SOA SOA 0qadeld INOA SOA SOA o1 S0-€0-4dsv oseJ[ns[en
SOA 9Ll SYooMm ¢ ON SOA SOA 0qadeld INOA SOA SOA 111 Y00-4ON BJ[e osej[nso[q
ON 96 syyuowr | ON SOA SOA 0qadeld INOA SOA SOA  II/II YCOLAL oseJ[nsinp|
66
SOA St squowt 7| ON EEIN SOA 0qgade|d NOd SO SOX I  -€00-dI'Tv osepluore]
SOA 06 SYoom 8L SOA SOA SOA 0qadeld INOA SOA S9A AN $0L20NTOV
ON IC syoam (0Tl SOA e/u ON [01U0d ISTH ety SOA S9A II 20L10N IOV
ON 81 SYeom T6 SOA ON SOA 9sop “Jd [LSIEH ) SOA SOX  II/II  TO9TONTOV  EJe asepisoon(3[y
ON g1 sypuowr 9 SOA EEIN SOA 0qooe]d  Ieyreworg ON ON II S00-13L
SOA 9¢ sypuowr 9 ON SO SOA 0qgade]d [ed1UI[) ON ON II €00-131L ej[e asepIs[esy
86-C00
SOx 8S syoom () ON SOX SOx 0qooe[d  Ioreworg SOX SOX I -I-IVOV ©)oq osepIs[edy
pagnsnl
ON 091 Syoom ¢ SOA mq ‘oN SOA "dwos 2An0Y  eSonng SO SO I L09c0doHZo
SOx oy SyooMm ¢ SOx SOK SOx 0gadeld ,de3oung SOX SOK ol ,0S20dzo yeysniSig
6¢0
ON Ge syuow ¢ Sox SOL SO ‘dwoo aAnOY  AeSo1ng SOX SOX I -9DD-1OH ®j[e 2se1oon[Se[oA
L00-816
SOA £% sypuowr 7| SOA ON SOA oIed Jo 1§ INOA SOA SOA II 1DO (DN 1essnfSTN
100-816 (19yonen)
ON 8T syiuowt 7| SOx B/u ON ON ,9e3oung SOX SOK /1 150 JeIsnISIA
jutod
puo  syuened aanejuasardar aseyd
100  Jo ‘ON uonjemn uonendod Apn)g  Surpurg pozrwopuey [onuo)  jurodpuyg [eUOTIBUNNIA ONUANNN  ApmS Apmis Snig

(0 = u) serpnis [ej0AId JO SonsSLORIRYD € B

A\ Adis



Y. Schuller et al.

1468

jutodpus [eorur[o e 10y 9reSorns pijea & se spadxa [eoruro £q padadoe A[opim () 10 ‘saipmys oynualos ur juiodpus ajeSonns e sk pajepifea () 1oyie st jutodpuy

D YoIJ-uurWIIN DN ‘porodar jou YN ‘oqeoridde jou e/u ‘@Inseaw SWOINO [BUOTIIUNY O

SOX €6 syjuour 9 SOK S9K SOX 0qadeld [esrury ON S9K I 6€0AND Sphoue[awe)y
asop
(uorsua)x?) ‘HIp + [01nuod
S9A cl Suto3uQ RN ON S9A ISTH ety S9A S9K II  01-800-ANH
asop
JIP + [0nUod
SOA €l SYM ¢ SOA ON S9A ISTH ety S9A SOA II  60-900-dNH Bj[E 9seloJsy
900 areakingAuayd
ON 144 Sym SOA S9K SOX "dwiod 2AndY  IoyIEWOLg AN AN I -001-NdH [0100410
SOX 48! syoam 71 SOX SOX SOX 0QqaoR[d JIoyJeworg SOX SOX I $19¢-NAS JUBWOSIASOJ
BIRp
e/Uu 008< B/u SOX '/ e/Uu B/U  IONIRWOIg B/U '/u '/u QeI 9[0ZBU0J0)Y
SOX 861 SYoaMm T SOX SaX SOX ‘dwod 9oy IoIRWOIY SOX SaX I 0% (ATeSowoI0Vy)
SOX 8G¢ syjuowr 7| SOX SOX SOX ‘dwod 91Oy IoyIRWOrY SOX SAX I S0€TD apnoaised
(Surysn))
SOA o1 syuowr | SOA SOA SOA 9sOp ‘I  IeyIewlolg IN SOA 111 soccd opnoalised
pagnsnl
SOX $9 SYOOM T SOX nq ‘oN SOX ‘dwoos 9AnOY  I9yIRWOLg ON SOX /I 20/90 DA QUOST}IOJ0IPAH
(100eydiQ)
ON 6% B/u SOX '/u B/u B/U  IoYIRWOIg B/U '/u e/u  syodar ase) proe o1[0y)
s1eak /] (021 (wreqro3y)
ON [43 01 dn SOA e/u ON ON Iodyrewolg ON ON 1 -01-16-0vVD ploe d1oyn
AInjeII|
ON SH1 SIBAK ¢F SOX B/ ON ON JIovIeworg ON ON AN Sunsixg ouryz,
(Aouaroyap
SOVN)
ON 0C B/Uu SOX B/Uu B/U B/U  IONIRWOLg B/U '/u e/u  syodor ase) proe srunj3re)
600CVO (sermproe
-100VDD omuesIo)
ON LL skep G SOX '/u ON ON JIovIeworg SOX SOX qIII -0 proe srunj3re)
jutod
puo  sjuoned QAnejuasardar aseyd
100  Jo ‘ON uoneing uonendod Apmg  Juipurg pozrwopuey [onuo)  jurodpug [eUONRUNNIA ANUAMMN  ApmS Apms Sniq

penunuod ¢ dqe],

A\ Adis



The efficacy-effectiveness gap in the case of orphan drugs

1469

remaining POs either did not want to participate (N = 1) or
did not reply to e-mails (N = 2). On average 19 (range
4-40) patients per participating PO filled in the online
survey resulting in a total of 75 patients representing 14
diseases and 13 OMPs. Forty-two patients (56%) reported
fatigue and 15 (20%) mentioned pain as the most incon-
venient symptom of their disease. When asked for which
symptom of their disease patients preferred to see
improvement upon treatment with the OMP, 29 (39%)
mentioned fatigue and nine (12%) mentioned deterioration
of their vital organs or cognition. In contrast, experts
seemed to have a preference for endpoints that are con-
venient to measure, e.g. by blood tests or function tests. A
comparison of endpoints used pre- and post-marketing, and
preferred endpoints of patients and experts can be found in
Supplementary Table 4.

3.6 COMPASS Variables

Ten OMPs were excluded from the analysis of factors
contributing to the efficacy-effectiveness gap since no post-
marketing evidence was available, resulting in a total of 21
OMPs (Table 4). Regarding the type of primary endpoint,
5/7 OMPs (71%) that were authorized based on a study
with a clinical or surrogate primary endpoint showed good
effectiveness in the real world, versus 3/14 (21%) OMPs
that were authorized based on a study with a biomarker or
FOM as primary endpoint (Fisher’s exact test: p = 0.056).
Of the OMPs for which the study population was an
extreme selection of the patient population, none showed
good effectiveness in the real world (category 3), compared
to 47% of the OMPs for which the study population was
representative for the patient population (p = 0.131). Also,
5/16 OMPs (31%) that were authorized for ultra-rare
orphan diseases (prevalence of less than 1 in 50,000) had
good real-world effectiveness, compared to 3/5 OMPs
(60%) that were authorized for rare diseases (prevalence
between 1 in 50,000 and 5 in 10,000) (p = 0.325). Of the
OMPs that were granted a full marketing authorization,
50% had good real-world effectiveness, compared to 22%
of the OMPs that were granted authorization under
exceptional circumstances (p = 0.367). The other COM-
PASS variables (study phase and randomization) did not
show a relevant association with the real-world effective-
ness (percentage difference <15%, data not shown).

3.7 Relationship Between Efficacy and Effectiveness

In total, eight out of 21 authorized OMPs (38%) showed
good effectiveness in the real-world situation, and in 16/21
OMPs (76%) the efficacy category corresponded with the
real-world effectiveness category. Five out of eight OMPs
(63%) for which the efficacy was judged as ‘good’ showed

good relative effectiveness versus 2/12 (17%) of OMPs
with no or unclear efficacy (Supplementary Table 5). With
respect to the real-world effectiveness: five out of seven
OMPs (71%) for which the efficacy was judged as ‘good’
showed good effectiveness versus three out of 14 (21%)
with no or unclear efficacy (Supplementary Table 5).

3.8 Relationship Between Relative Effectiveness
and Real-World Effectiveness

For 13 OMPs no relative effectiveness assessment or post-
marketing evidence was available, resulting in a total of 18
OMPS for this analysis. Six out of seven (86%) OMPs for
which relative effectiveness was good also showed good
real-world effectiveness, versus 1/11 (9%) OMPs with no
or unclear relative effectiveness (Supplementary Table 5).

4 Discussion

Bridging the gap between efficacy and effectiveness is
difficult, particularly in the field of orphan diseases, where
generation of evidence is often limited to a few studies with
considerable methodological shortcomings. This study
reveals that less than half of the approved OMPs for which
sufficient post-marketing evidence is available to judge the
real-world effectiveness show good effectiveness in the
real-world situation. The exploratory analyses of factors
contributing to this gap showed that the type of primary
endpoint used in the pivotal study seems to be the most
important factor. Additional important findings are that
none of the OMPs for which the study population was an
extreme selection of the patient population showed good
effectiveness in the real world, and that a very low disease
prevalence and conditional/exceptional authorization also
more often led to disappointing real-world effectiveness.
Relative effectiveness (at the time of the reimbursement
decision) has been shown to be highly correlated with real-
world effectiveness. For this study, we chose to compare
efficacy assessment from a centralized procedure with
relative effectiveness assessment of a national reimburse-
ment authority, which may not represent the situation in all
EU countries. However, several general assumptions can
be made.

4.1 Study Design, Choice of Endpoints and Study
Population

Due to the heterogeneity and slowly progressive nature of
many rare diseases, there is often a need to use biomarkers
or FOMs as the primary study endpoint. Our study, how-
ever, suggests that improvements on a biomarker level may
not correspond with improvements relevant for the patient
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Table 4 Relationship between COMPASS variables and real-world effectiveness of orphan medicinal products (OMPs)

COMPASS variable Real-world effectiveness

Good effect (category 3)

Unclear or no clinical effect (categories 0-2)

Total Fisher’s exact

Type of endpoint

Clinical or validated surrogate 5

Biomarker or FOM 3

Total 8
Study population

Representative for patient population 8

Not representative for patient population 0

Total 8

Disease prevalence
Rare
Ultra-rare
Total

Type of authorization
Full
Exceptional/conditional
Total

2 7

11 14

13 21%  p = 0056

9 17

4 4

13 21%  p=0.131

2 5

11 16

13 21 p=0325
12

7 9

13 21%  p=0.367

FOM functional outcome measure

* OMPs without post-marketing studies were excluded from the analysis: eliglustat, elosulfase alfa, sebelipase alfa, betaine, alipogene tipar-
vovec, cholic acid (Kolbam and Orphacol), glycerol phenylbutyrate, asfotase alfa, afamelanotide

in the real-world setting. According to regulatory guideli-
nes, biomarkers or FOMs may be acceptable but only if
validated, and thus labeled as surrogate endpoints. In this
respect, it is a common misconception that if an outcome is
believed to be correlated to clinical outcomes it can be used
as a surrogate endpoint [16]. In-depth studies are needed to
confirm that the surrogate endpoint responds to treatment,
predicts clinical response and is related to the pathophys-
iology of the disease. When, at the time of marketing
authorization, uncertainty exists about the relationship
between the biomarker or FOM and clinical benefit, ade-
quate post-marketing studies and registries may ideally be
used to validate the endpoint. Our study shows that if an
OMP is authorized based on a relevant effect on a surrogate
endpoint, the real-world effectiveness is generally good.
This is for example the case in phenylalanine levels in
phenylketonuria [17] and platelet counts or spleen volume
in Gaucher disease, for which the correlation with clinical
outcomes is well established. Interestingly, two of the three
OMPs that were approved on the basis of an improvement
in biomarker levels but showed good effectiveness in the
real-world situation used biomarkers that were—according
to the experts—highly correlated with clinical symptoms.
Experts’ opinions might thus be valuable in judging whe-
ther or not a specific endpoint could be used as a surrogate
endpoint. Another important note to make is that if a
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biomarker or FOM is validated as a surrogate endpoint in a
certain disease, this does not mean that it can automatically
be used as surrogate endpoint in other diseases. The
6-MWT is for example validated as a surrogate endpoint in
pulmonary arterial hypertension, but not for many other
diseases. Another important limitation of using the 6-MWT
as a primary endpoint is that only patients who are able to
walk can be included in the clinical study. Consequently,
extrapolating clinical study results to the entire patient
population may be problematic [18]. As was shown by our
study, none of the OMPs for which the study population
was an extreme selection of the patient population showed
good effectiveness in the real world. This highlights the
need for studies with study populations that are a better
reflection of the total patient population, thus having a high
external validity.

4.2 Recommendations and Ways Forward

Improvements can be introduced at the pre-marketing and
post-marketing stages. First, the quality of pre-marketing
studies has to be sufficient to allow an unbiased (inde-
pendent) judgement about the efficacy of an OMP at the
time of marketing authorization. If biomarkers are used as
the primary endpoint, caution is required for their predic-
tive value for real-world effectiveness, and studies on long-
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term effectiveness are of great importance. Moreover,
validation of biomarkers or FOMs as a surrogate endpoint
in the context of a specific disease seems appropriate. Since
our results suggest that patients’ and experts’ preferences
regarding study endpoints may differ, it is important that
all relevant stakeholders (patients, academia, industry and
regulatory authorities) agree upon what constitutes a sen-
sitive and validated endpoint early in the development
process. Also, selection of the study population and the
definition of what constitutes a minimal clinically impor-
tant difference (MCID) require close attention. Such dis-
cussion may take place in the context of a validation
procedure at the EMA or a protocol assistance.

Second, since 50% of the OMPs with a full marketing
authorization have good real-world effectiveness (in con-
trast to 22% of OMPs with exceptional circumstances
authorization), this underlines the need for generation of
coordinated, robust post-marketing evidence. Post-mar-
keting commitments currently often imply the set-up of an
industry-sponsored drug registry, which has several short-
comings [19]. Moreover, access to real-world data across
the EU is hampered by the lack or inefficiency of cross-
border collaborations, fragmentation of resources and the
lack of interoperability, which complicates decision mak-
ing by health technology assessment (HTA) bodies. Hence,
there is a need for the implementation of methods to
integrate and analyze heterogeneous data. The concept of a
self-regulatory market, in which an OMP will automati-
cally no longer be prescribed by doctors when effective-
ness is not convincing, might fail in rare diseases with an
unmet medical need.

To accelerate access to new drugs, new pathways are
increasingly being explored in the EU. The ‘adaptive
pathway’, introduced by the EMA in 2015, enhances
timely access of an OMP by approving it in a well-defined
patient subgroup with a high (unmet) medical need, fol-
lowed by widening of the indication to a larger patient
population [20]. In addition, HTAs are involved early in
the process. Again, the launch of improved disease reg-
istries, which can generate robust and independent evi-
dence, is of critical importance [19]. Through this, the
importance of timely access is balanced with the need for
adequate information on effectiveness and safety, render-
ing marketing authorization a continuous process [21]. An
evaluation on the adaptive pathways pilot showed that this
procedure can promote multi-stakeholder dialogues and
support development of drugs for which generation of
evidence is difficult. Another promising development is the
‘real-world evidence’ initiative that is currently being
developed by the EMA, creating a framework that delivers
access to and analysis of multinational real-world data to
optimize decision making on medicinal products developed
for areas with a high unmet medical need [22].

4.3 Limitations

Despite the small sample, we believe that the results of our
study may serve as a lead for future studies. Our study is
the first to systematically compare pre-marketing data with
post-marketing data for OMPs. Studies about the quality of
pivotal studies of orphan drugs have been published before
[23-25], but they lack the inclusion of post-marketing
effectiveness. Since the COMPASS tool is not developed
to score or rank the quality of clinical evidence, it was not
possible to quantify the level of pre-marketing evidence.
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) is not appropriate to assess
clinical studies of OMPs, as this approach does not take
into consideration the methodological drawbacks of these
studies [15]. To our knowledge, no other quality assess-
ment tools exist for evaluation of OMPs. Although clinical
experts were asked to complete our list of post-marketing
studies with studies that they believed were of value for the
evaluation of post-marketing effectiveness, we may have
missed some studies in the evaluation of post-marketing
data. Moreover, since results of negative studies might not
be available due to publication bias, the real-world effec-
tiveness as assessed in our study may be an overestimation
[26].

5 Conclusion

We showed that less than half of the authorized OMPs
show good effectiveness in the real-world situation and that
the most important contributor to the efficacy-effectiveness
gap seemed to be the use of a biomarker in the pivotal
study. Whether the results of our research on medicinal
products for metabolic orphan diseases can be extrapolated
to other orphan disease fields (e.g. oncology, neurology),
remains to be elucidated.
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