
Pharmacol Res Perspect. 2021;9:e00816.	 		 	 | 1 of 10
https://doi.org/10.1002/prp2.816

wileyonlinelibrary.com/journal/prp2

Received:	27	February	2021  | Accepted:	27	April	2021
DOI: 10.1002/prp2.816  

O R I G I N A L  A R T I C L E

Strength of clinical evidence leading to approval of novel 
cancer medicines in Europe: A systematic review and data 
synthesis

Alberto Farina1,2  |   Federico Moro3  |   Frederick Fasslrinner4 |   Annahita Sedghi5 |   
Miluska Bromley1,6 |   Timo Siepmann1,5

This	is	an	open	access	article	under	the	terms	of	the	Creat	ive	Commo	ns	Attri	bution	License,	which	permits	use,	distribution	and	reproduction	in	any	medium,	
provided the original work is properly cited.
©	2021	The	Authors.	Pharmacology Research & Perspectives	published	by	British	Pharmacological	Society	and	American	Society	for	Pharmacology	and	
Experimental	Therapeutics	and	John	Wiley	&	Sons	Ltd.

Abbreviations:	ATC,	Anatomical	Therapeutic	Chemical;	CE,	comparative	evidence;	DFS,	disease-	free	survival;	EMA,	European	Medicines	Agency;	EPAR,	European	Public	Assessment	
Report;	ESMO-	MCBS,	European	Society	for	Medical	Oncology	Magnitude	of	Clinical	Benefit	Scale;	FDA,	Food	and	Drug	Administration;	MCB,	meaningful	clinical	benefit;	OS,	overall	
survival;	PFS,	progression-	free	survival;	PRISMA,	Preferred	Reporting	for	Systematic	Reviews	and	Meta-	analyses;	QoL,	quality	of	life;	RCT,	randomized	controlled	trial;	SPC,	Summary	
of Product Characteristics.

1Division	of	Healthcare	Sciences,	Center	
for	Clinical	Research	and	Management	
Education,	Dresden	International	
University,	Dresden,	Germany
2Medical	Affairs	Department,	Celltrion	
Healthcare	Italy	srl,	Milan,	Italy
3Laboratory	of	Acute	Brain	Injury	and	
Therapeutic	Strategies,	Department	
of	Neuroscience,	Istituto	di	Ricerche	
Farmacologiche	Mario	Negri	IRCCS,	Milan,	
Italy
4Department	of	Internal	Medicine	I,	
University	Hospital	Carl	Gustav	Carus,	
Technische	Universität	Dresden,	Dresden,	
Germany
5Department	of	Neurology,	University	
Hospital	Carl	Gustav	Carus,	Technische	
Universität	Dresden,	Dresden,	Germany
6Universidad	Cientifica	del	Sur,	Lima,	Peru

Correspondence
Timo	Siepmann,	Department	of	
Neurology,	University	Hospital	Carl	
Gustav	Carus,	Technische	Universität	
Dresden,	Dresden,	Germany.
Email: timo.siepmann@ukdd.de

Funding information
This research received no specific 
grant from any funding agency in the 
public,	commercial	or	not-	for-	profit	
sectors.	Article	Processing	Charge	has	
been covered by Dresden International 
University.

Abstract
We	aimed	to	evaluate	the	quality	of	clinical	evidence	that	substantiated	approval	of	
cancer	medicines	by	the	European	Medicines	Agency	(EMA)	in	the	last	decade.	We	
performed	a	systematic	review	and	data	synthesis	of	EMA	documents	in	agreement	
with	 PRISMA	 guidelines.	 We	 included	 the	 European	 Public	 Assessment	 Reports,	
Summaries	 of	 Product	 Characteristics,	 and	 published	 randomized	 controlled	 trials	
(RCTs)	on	anti-	cancer	drugs	approved	by	EMA	from	2010	to	2019,	and	excluded	drugs	
not	 indicated	for	 targeting	solid	or	hematological	 tumors	and	non-	innovative	treat-
ments.	We	synthesized	frequencies	of	approvals	differentiating	between	unblinded	
and	 blinded	 RCTs	 with	 and	 without	 overall	 survival	 (OS)	 as	 a	 predefined	 primary	
outcome	measure.	We	assessed	the	frequency	of	post-	approval	RCTs	for	indications	
without	at	least	one	RCT	at	the	time	of	approval.	Of	199	approvals,	159	(80%)	were	
supported	by	at	least	one	RCT,	63	(32%)	by	at	least	one	RCT	having	OS	as	the	primary	
or	co-	primary	endpoint,	74	(37%)	by	at	least	one	blinded	RCT,	and	30	(15%)	by	at	least	
one	blinded	RCT	having	OS	as	the	primary	or	co-	primary	endpoint.	Whereas	40	ap-
provals	(20%)	were	not	supported	by	any	RCT	and,	of	those,	9	(22%)	were	followed	by	
a	post-	approval	RCT.	While	the	majority	of	approvals	of	cancer	medicines	approved	
by	EMA	was	 supported	by	 at	 least	 one	RCT,	we	noted	 substantial	methodological	
heterogeneity of the studies.
Clinical trial registration: PROSPERO registration number CRD42020206669.
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1  |  INTRODUC TION

Cancer is the second leading cause of death in the world.1 This huge 
unmet medical need translated in the approval of numerous new 
drugs by the regulatory agencies in the recent decade.2 Current ev-
idence shows that several cancer indications are approved without 
randomized	controlled	trials	(RCTs)	and	without	overall	survival	(OS)	
data as a primary endpoint.3– 9 These data are still missing even after 
years from the approval and a comprehensive overview of the ap-
provals that occurred in the last decade is currently missing.

We	hypothesized	that	the	urgency	of	bringing	new	therapies	to	
the	market	may	be	accompanied	by	poor	clinical	evidence,	in	terms	
of	 the	quality	 of	 study	design	 and	 endpoints	 used	 to	measure	 ef-
ficacy.	 Therefore,	 the	 objective	 of	 our	 research	 is	 to	 evaluate,	 in	
terms	of	study	design	and	outcomes,	the	quality	of	clinical	evidence	
supporting	the	approval	by	the	European	Medicines	Agency	(EMA)	
of new drugs and/or indications for the treatment of cancer in the 
decade 2010– 2019.

Randomized	 controlled	 trials	 are	 commonly	 recognized	 as	 the	
gold	 standard	 for	 the	 evaluation	 of	 new	 therapies,	 providing	 the	
strongest level of evidence and proof of cause– effect relationship 
thanks to their high internal validity.10,11 One of the key strengths 
of	RCTs	is	the	provision	of	comparative	evidence	(CE)	either	versus	
placebo,	active	treatment	or	standard	of	care.	CE	represents	a	fun-
damental asset for the optimal use of a drug at its entry into clinical 
practice	 since	 despite	 existing	methodological	 complexities,	 com-
parative efficacy evidence should have a formal role in drug licens-
ing decisions.12	At	the	time	of	first	approval,	in	fact,	the	comparative	
profile of benefit and risk represents a safeguard for public health by 
preventing the use of potentially unsafe or inferior treatments com-
pared to the options already on the market. From an economic point 
of	view,	CE	allows	health	technology	assessment	organizations	and	
payers	to	make	better	decisions.	From	the	clinical	side,	it	offers	doc-
tors and patients the opportunity to understand which is the safest 
and effective treatment.

In	 the	 field	 of	 oncology,	 key	 treatment	 goals	 should	 be	 an	
improvement	of	 clinically	 relevant	 endpoints	 such	 as	OS,	 qual-
ity	 of	 life	 (QoL),	 or	 both.13	 Other	 survival	 measures,	 including	
the	widely	used	progression-	free	survival	(PFS),	represent	surro-
gate endpoints. PFS may be biased due to difficulty in measuring 
progression,	use	of	non-	standardized	measurement	procedures,	
informative censoring when patients leave the study without 
documentation of progression or assessor's expectations in case 
of	 open-	label	 studies.	 The	 correlation	 of	 PFS	 with	 OS	may	 be	
poor	 in	 some	 settings.	 If	 survival	 after	 progression	 is	 long,	 for	
example,	longer	than	12	months,	it	may	be	difficult	to	show	ben-
efit	in	OS,	and	the	use	of	PFS	may	be	preferable.14	However,	if	a	
new	treatment	offers	a	clear	advantage	 in	terms	of	OS	or	QoL,	
surrogate endpoints are not necessary or should be used as a pri-
mary endpoint only in the early stages of clinical development. 
The usefulness of a treatment that has only demonstrated posi-
tive	effects	on	a	surrogate	endpoint,	not	clearly	correlated	with	
OS,	 is	 questionable.	Moreover,	 surrogate	 endpoints	 often	 give	

an overestimation of benefit and may lead to approval of med-
icines	 that	 only	 provide	 a	marginal	 benefit	 in	 a	 real-	world	 set-
ting.13	In	addition,	PFS	does	not	directly	measure	how	a	patient	
really feels or lives; it provides information on the effects of the 
intervention	on	the	tumor	burden	process.	Therefore,	a	signifi-
cant effect on PFS is not enough to achieve reliable evidence of 
clinical benefit. The real need of cancer patients is to achieve 
clinically	meaningful	beneficial	effects	on	disease-	related	symp-
toms,	on	ability	to	carry	out	normal	activities,	and	on	OS.15	Thus,	
it is crucial that new cancer drugs also show their capability to 
increase	in	OS,	QoL,	or	ideally	both.16

On	the	other	hand,	there	are	limitations	to	conducting	RCTs	and	
using	OS	as	 the	primary	endpoint,	which	 in	 some	cases	can	make	
their	implementation	not	feasible.	For	example,	RCTs	may	be	limited	
by economic factors or inaccessibility of rare populations.17 Using 
OS	 as	 a	 primary	 endpoint	 requires	 larger	 sample	 sizes	 and	 longer	
follow-	up.18	In	comparison	to	OS,	PFS	and	response	rate	as	primary	
endpoint	were	associated	with	an	11-	month	(95%	CI,	5–	17	months)	
and	a	19-	month	(95%	CI,	13–	25	months)	reduction	in	the	study	du-
rations,	respectively.19

According	 to	 EMA,	 a	 randomized	 design	 versus	 a	 comparator	
arm	 should	 be	 preferred,	 although	 exceptions	 are	 admissible	 de-
pending on the specific study setting. Confirmatory trials should 
demonstrate that the investigational product provides clinical ben-
efits.	 Acceptable	 primary	 endpoints	 include	 OS	 and	 PFS/disease-	
free	 survival	 (DFS).	 If	 PFS/DFS	 is	 the	 selected	 primary	 endpoint,	
OS should be reported as a secondary and vice versa. When OS is 
reported	as	a	secondary	endpoint,	 the	estimated	treatment	effect	
on OS should ensure that there are no relevant negative effects on 
this	endpoint,	in	most	cases	by	showing	trends	toward	superiority.	
In	 situations	where	 there	 is	 a	 large	 effect	 on	PFS,	 or	 if	 there	 is	 a	
long-	expected	survival	after	progression,	and/or	a	clearly	favorable	
safety	profile,	EMA	does	not	mandatorily	require	precise	estimates	
of OS for approval.20

We	aimed	to	evaluate	the	quality	of	study	design	and	outcomes	
reported	by	studies	supporting	EMA	approval	of	new	drugs	and/or	
indications for the treatment of cancer in the decade 2010– 2019. 
Therefore,	 we	 assessed	 the	 frequency	 of	 new	 cancer	 indications	
supported	by	at	least	one	randomized	and	controlled	trial	having	OS	
as	a	primary	or	co-	primary	endpoint.

2  |  MATERIAL S AND METHODS

2.1  |  Protocol and registration

We	performed	a	systematic	review	and	synthesized	analysis.	In	ac-
cordance	with	the	study	design,	informed	patient	consent	and	ethical	
and regulatory approval are inapplicable. The present work has been 
conducted in agreement with Preferred Reporting for Systematic 
Reviews	and	Meta-	analyses	(PRISMA)	guidelines,21 and the protocol 
was registered in the PROSPERO International prospective register 
of	systematic	reviews	(CRD42020206669).
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2.2  |  Eligibility criteria

We included all new drugs and/or new indications for the treat-
ment	 of	 solid	 or	 hematological	 tumors	 approved	 by	 EMA	 in	
the	 decade	 2010–	2019,	 which	 had	 an	 Anatomical	 Therapeutic	
Chemical	 (ATC)	 “L”	 classification	 (antineoplastic	 and	 immu-
nomodulating	agents).

Criteria for exclusion from the study were: drugs and/or indica-
tions	not	 for	 the	 treatment	of	 solid	or	 hematological	 tumors	 (e.g.,	
supportive	 therapy,	 non-	cancer	 indications,	 diagnostic	 or	 visual-
ization	purposes);	indications	for	solid	or	hematological	tumors	ap-
proved	before	January	1,	2010	or	after	December	31,	2019;	drugs	
approved	for	the	first	time	before	January	1,	2007;	non-	innovative	
drugs	 and/or	 indications	 (e.g.,	 biosimilars,	 generics,	 new	 formula-
tions,	well-	established	use,	approvals	based	on	literature	data);	indi-
cation	requests	withdrawn	before	their	approval.

2.3  |  Information sources and literature search

Medicine-	specific	 European	 Public	 Assessment	 Report	 (EPAR)	
public	pages	of	the	EMA	website	were	accessed.22	The	EPAR	EMA	
database was chosen because it publishes all the clinical data used 
to	 request	 product	 authorization,	with	 complete	 and	 structured	
information according to a standard format. The clinical data re-
ported	in	the	Summary	of	Product	Characteristics	(SPC)	were	not	
used	 because	 they	 are	 limited	 compared	 to	 EPAR.	Articles	 pub-
lished in the literature were not used because they may be un-
published	 at	 the	 time	of	 drug	 approval,	 they	 report	 limited	data	
compared	to	EPAR,	and	potentially	may	be	affected	by	publication	
and reporting bias.

For	 each	 drug,	 the	 “initial	 marketing-	authorization	 docu-
ments”	and	“changes	since	 initial	authorization	of	medicine”	 in	the	
Assessment	 history	 section	 of	 each	 product	 page	were	 accessed.	
The	first	one	reports	 the	data	used	to	request	 the	first	authoriza-
tion,	the	second	one	reports	the	data	to	request	the	authorization	
of further indications if any. Data on studies were obtained from the 
“main	studies”	section	reported	in	the	clinical	efficacy	chapter	of	the	
“assessment	 reports.”	Only	 the	clinical	data	 reported	 in	 the	afore-
mentioned section were considered in this research.

Only	for	indications	without	RCTs	(not	reported	in	EPAR)	at	the	
time	of	first	approval,	a	PubMed	and	SPC	search	was	conducted	to	
verify	 the	presence	of	post-	approval	 randomized	studies.	PubMed	
Search	parameters:	“drug	name”[title/abstract]	AND	randomized[ti-
tle/abstract];	 filter:	 clinical	 trial.	 The	 SPCs	 currently	 in	 force	 have	
been consulted in paragraph 5.1.

2.4  |  Study selection

All	kinds	of	clinical	studies	reported	in	the	main	studies	section	of	
EPARs	were	eligible,	since	the	aim	of	this	study	was	to	describe	the	
evidence	supporting	new	cancer	indications	approved	by	EMA.	For	

indications	without	 RCTs	 at	 the	 time	 of	 first	 approval,	 only	 post-	
approval RCTs were selected.

2.5  |  Data extraction

Extraction	 of	 data	 from	 assessment	 reports	 and	 full-	text	 arti-
cles	was	performed	by	 two	 independent	 reviewers	 (AF	and	FM)	
and	data	were	inserted	into	a	standardized	database	form	(Excel;	
Microsoft).	 In	 case	 of	 inconsistencies,	 the	 data	 were	 double	
checked by both researchers and disagreements were solved by 
consensus.

For	each	indication	meeting	the	inclusion	and	exclusion	criteria,	
the	following	data	were	collected:	complete	indications,	their	classi-
fication	as	a	solid	or	hematological	tumor	indication,	and	subsequent	
general	classification	based	on	the	type	of	tumor	(e.g.,	breast	cancer,	
prostate	 cancer,	 lymphoma,	 etc.);	 presence	 of	 orphan	 drug	 condi-
tions	or	conditional	approval.	For	studies	reported	as	“main	studies”	
in	 the	clinical	efficacy	 section	of	 “assessment	 reports”	 the	 follow-
ing	data	were	collected:	number;	identification	code;	randomization	
and	 control	 (yes/no);	 blinding	 (yes/no);	 phase;	 number	 of	 patients	
enrolled;	ongoing	status	(yes/no);	narrative	description	of	control	if	
applicable;	OS	as	a	primary	or	co-	primary	endpoint	(yes/no);	non-	OS	
as	 a	 primary	 or	 co-	primary	 endpoint	 (yes/no);	 OS	 as	 a	 secondary	
endpoint	(yes/no);	non-	OS	as	a	secondary	endpoint	(yes/no);	pres-
ence	of	 the	study	as	a	main	study	 for	other	drugs	 (e.g.,	 in	case	of	
combination	therapy).

2.6  |  Quantitative data synthesis and 
statistical analyses

Descriptive statistics of the drugs and indications included in the 
study	 were	 performed	 using	 Microsoft	 Excel.	 In	 case	 multiple	
studies	were	reported	for	a	single	indication,	the	strongest/cumu-
lative	 variable	was	 also	 extracted,	 and,	 in	 such	 case,	 the	 indica-
tion was considered to be supported by RCT if at least one RCT 
was	 present.	 The	 same	 criterion	was	 adopted	 for	 blinded	RCTs,	
RCTs	having	OS	as	a	primary	endpoint,	and	blinded	RCTs	having	
OS	as	a	primary	endpoint.	Similarly,	the	highest	study	phase	was	
extracted. The status of studies was reported as ongoing if at least 
one ongoing study was present. Survival was classified either in 
overall	 (OS)	 or	 all	 other	 parameters	 to	measure	 survival,	 collec-
tively	defined	as	non-	OS.

The present analysis did not differentiate between the types of 
treatment	 (e.g.,	 neo-	adjuvant	 or	 adjuvant)	 or	 between	 the	 stages	
(e.g.,	early	or	metastatic)	or	variants	of	the	disease.

For	post-	approval	studies	searched	through	literature	and	SPC,	
the following items were collected: time from approval to current 
search; presence/absence of RCT in the target indication; presence 
or absence of OS as a primary endpoint.

The	 risk	 of	 bias	 in	 individual	 studies	was	 not	 evaluated.	A	 de-
scriptive	statistic	of	the	collected	data	was	performed,	using	mean	
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or	median	where	appropriate	to	summarize	continuous	parameters	
and	percentage	frequency	for	categorical	parameters.

3  |  RESULTS

3.1  |  Indications included in the study

Overall,	 of	 the	 257	 products	 with	 ATC	 L	 classification,	 93	 were	
included,	 for	a	 total	of	199	 indications	and	228	studies	 (Figure	1).	
Reasons	 for	 exclusion	 were	 a	 date	 beyond	 predetermined	 limits,	
non-	innovative	 products	 (biosimilars,	 generics,	 established	 use)	 or	
products	not	indicated	for	cancer.	For	one	product	only,	the	EPAR	
report was not available and it was excluded from the analysis.

3.2  |  Products characteristics

The 93 products included in the study had overall 199 indications 
approved	in	the	2010–	2019	decade	(2.1	mean	and	2.0	median	indi-
cations	per	product).

Sixty-	four	 (60.8%),	27	 (29%),	 and	2	 (2.2%)	products	were	 indi-
cated	for	solid,	hematological,	or	both	types	of	cancer,	respectively.	
Products	indicated	for	solid,	hematological,	or	both	types	of	cancer	
presented,	respectively:	115	(58%),	62	(31%),	22	(11%)	 indications;	
1.8,	2.3,	11.0	mean	indications;	1.0,	2.0;	11.0	median	indications.

3.3  |  Indications characteristics

Of	 the	199	 approvals	 in	 the	past	 decade	 included	 in	our	 analysis,	
68%	referred	to	solid	tumors	and	32%	to	hematological	tumors.	The	
most	 frequent	 diagnoses	were	 lung	 cancer,	 leukemia,	 skin	 cancer,	
lymphoma,	 breast	 cancer,	multiple	myeloma,	 renal	 cell	 carcinoma,	
prostate	cancer,	and	colorectal	cancer	(Table	1).	These	diseases	ac-
counted	 for	 approximately	 80%	of	 all	 the	 indications	 approved	 in	
the past decade. The remaining indications comprised: epithelial 
ovarian,	fallopian	tube,	or	primary	peritoneal	cancer,	gastric	cancer,	

hepatocellular	carcinoma,	thyroid	cancer,	urothelial	carcinoma,	basal	
cell	 carcinoma,	head	and	neck	cancer,	neuroblastoma,	neuroendo-
crine	tumors,	pancreas	adenocarcinoma,	soft	tissue	tumors,	hema-
tological	malignancies,	myelodysplastic	syndromes,	ovarian	cancer,	
sarcoma,	solid	tumors.

The number of indications approved each year showed a pro-
gressive	growing	 trend	 from	2010	 (4	 indications:	2	 for	 solid,	2	 for	
hematological	 cancer)	 to	2019	 (32	 indications:	22	 for	 solid,	10	 for	
hematological	cancer).

3.4  |  Key results

Overall,	159	(80%)	of	the	199	approved	indications	were	supported	
by	at	least	one	RCT,	63	(32%)	by	at	least	one	RCT	having	OS	as	the	
primary	 or	 co-	primary	 endpoint,	 74	 (37%)	 by	 at	 least	 one	 blinded	
RCT,	30	(15%)	by	at	least	one	blinded	RCT	having	OS	as	the	primary	
or	co-	primary	endpoint.	Solid	tumors	and	hematological	tumors	cat-
egories	presented	 important	differences	 in	 the	 frequency	of	RCTs	
(85.2%	vs.	67.2%,	respectively)	and	RCTs	having	OS	as	a	primary	or	
co-	primary	endpoint	(42.2%	vs.	9.4%,	respectively;	Figure	2A,B).	All	
values decreased further when study blinding and blinding with OS 
as	primary	or	co-	primary	endpoint	were	considered.

The	nine	most	frequent	 indications	were	supported	by	at	 least	
one	 RCT	 with	 different	 frequencies,	 ranging	 from	 53%	 for	 lym-
phoma,	 to	 100%	 for	 breast	 cancer,	 renal	 cell	 carcinoma,	 prostate	
cancer,	and	colorectal	cancer.	Indications	approved	by	at	least	one	
RCT	having	OS	as	a	primary	or	co-	primary	endpoint	ranged	from	0%	
for	lymphoma,	multiple	myeloma,	and	renal	cell	carcinoma,	to	67%	
for	colorectal	cancer	(Figure	3A,B).

Forty	(20%)	indications	were	not	supported	by	at	least	one	RCT	
at	approval,	corresponding	to	19	of	135	 (14%)	solid	cancer	 indica-
tions	and	21	of	64	(32%)	hematological	cancer	indications.	Overall,	
44.2	months	after	approval	on	average,	we	identified	the	presence	
of	a	post-	approval	RCT	reported	in	PubMed	in	22%	of	cases,	and	a	
post-	approval	RCT	having	OS	as	a	primary	endpoint	in	2%	of	cases.	
These	 frequencies	 did	 not	match	with	 the	 data	 found	 in	 the	 SPC	
search:	We	 found	 the	presence	of	a	post-	approval	RCT	 in	20%	of	

F I G U R E  1 Flowchart	showing	the	
number of products and indications 
included	in	the	study,	and	the	reasons	for	
exclusion.	ATC,	Anatomical	Therapeutic	
Chemical
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cases,	and	a	post-	approval	RCT	having	OS	as	a	primary	endpoint	in	
5%	of	cases	(Table	2).

4  |  DISCUSSION

Our	 systematic	 review	and	quantitative	 synthesis	 comprising	data	
from	 the	EMA	database	 shows	 that	overall	79.9%	of	new	approv-
als were supported by at least 1 RCT reported as the main study. 
This	value	dropped	to	31.7%	when	considering	RCTs	with	OS	as	the	
primary	 or	 co-	primary	 endpoint.	However,	 in	most	 cases,	OS	was	
included among the secondary endpoints. We observed relevant 
differences when considering solid and hematologic cancer as two 
different	classes,	with	a	higher	frequency	of	RCTs	(85.2%	vs.	67.2%)	
and	 RCTs	 having	OS	 as	 the	 primary	 endpoint	 (42.2%	 vs.	 9.4%)	 in	
favor of solid cancer.

Further analysis of the indications not supported by RCTs at 
the	time	of	approval	(40	of	199)	revealed	a	low	frequency	of	post-	
approval	RCTs:	After	an	average	of	44.2	months	from	approval,	 in	
only	nine	cases	(22%)	at	least	one	trial	was	reported	in	PubMed	and	
only	one	(2%)	had	OS	as	a	primary	endpoint.

The main strength of our study is the systematic nature of the 
review	and	the	consultation	of	the	EMA	database	which	publishes	
all	clinical	data	used	for	the	application	for	approval,	 in	a	standard	
and comprehensive format. This information represents the over-
all clinical evidence available at the approval of a new drug. Taken 

together,	 these	 two	 factors	make	our	 analysis	 robust,	 as	 a	 search	
based only on literature data on common scientific platforms may be 
influenced by unpublished studies or by publications reporting only 
partial	data.	The	use	of	simple,	objective,	and	categorical	parameters	
such	as	randomized	or	non-	randomized	design,	and	OS	or	non-	OS	
endpoint,	made	our	results	easily	interpretable.

Our	 study	 has	 some	 limitations.	 In	 particular,	 the	 stage	 of	 the	
disease	 and	 the	 line	 of	 treatment	 were	 not	 considered,	 and	 the	
magnitude of the clinical effect reported as a result of the individ-
ual	studies	was	not	analyzed.	Although	these	factors	were	beyond	
the	scope	of	our	research,	they	are	important	in	defining	the	clinical	
value	of	a	new	drug.	Given	that	all	the	drugs	included	in	our	analysis	
were	approved,	 it	 is	 reasonable	 to	assume	 that	 they	have	demon-
strated	sufficient	clinical	effect.	A	further	limitation	is	the	absence	
of	a	single	study	bias	assessment,	which	could	provide	additional	in-
formation about the validity of the clinical evidence. No distinctions 
were	 made	 between	 different	 non-	OS	 survival	 measures,	 which	
were	overall	classified	in	a	single	group,	and	between	orphan	status	
and	conditional	approvals.	Finally,	our	study	was	intended	to	provide	
only	a	description	of	the	clinical	evidence,	not	including	hypothesis	
testing between the differences observed between the different 
groups.

Our	results	are	consistent	with	previous	research	by	Davis	et	al.,	
who	showed	that,	among	68	indications	of	48	cancer	drugs	approved	
by	EMA	from	2009	to	2013,	60	 (88%)	were	supported	by	at	 least	
one	RCT,	8	(12%)	were	approved	on	the	basis	of	a	single-	arm	study,	

TA B L E  2 Summary	of	post-	approval	RCTs	reported	in	PubMed	and	current	SPCs	for	indications	not	supported	by	RCTs	at	the	time	of	
approval

No. of 
indications

Months 
since 
approval 
(mean)

No. (%) of 
indications with 
RCT in PubMed

No. (%) of 
indications with 
RCT having OS 
as a primary 
endpoint in 
PubMed

No. (%) of 
indications 
with RCT in 
SPC

No. (%) of 
indications with 
RCT having OS as 
a primary endpoint 
in SPC

Hematological cancer 21 50.6 5	(24) 1	(5) 4	(19) 1	(5)

(a)	Hematological	malignancies 1 44.1 0	(0) 0	(0) 0	(0) 0	(0)

(b)	Leukemia 10 49.6 3	(30) 1	(10) 1	(10) 1	(10)

(c)	Lymphoma 9 54.2 2	(22) 0	(0) 3	(33) 0	(0)

(d)	Multiple	myeloma 1 35.6 0	(0) 0	(0) 0	(0) 0	(0)

Solid cancer 19 37.0 4	(21) 0	(0) 4	(21) 1	(5)

(a)	Basal	cell	carcinoma 1 81.8 0	(0) 0	(0) 0	(0) 0	(0)

(b)	Epithelial	ovarian,	fallopian	
tube,	or	primary	peritoneal	
cancer

1 22.6 0	(0) 0	(0) 0	(0) 0	(0)

(c)	Lung	cancer 9 42.6 3	(33) 0	(0) 2	(22) 1	(11)

(d)	Neuroblastoma 1 35.3 0	(0) 0	(0) 0	(0) 0	(0)

(e)	Skin	cancer 3 22.3 0	(0) 0	(0) 1	(33) 0	(0)

(f)	Solid	tumors 1 6.5 0	(0) 0	(0) 0	(0) 0	(0)

(g)	Thyroid	cancer 1 40.1 1	(100) 0	(0) 1	(100) 0	(0)

(h)	Urothelial	carcinoma 2 33.1 0	(0) 0	(0) 0	(0) 0	(0)

Overall 40 44.2 9	(22) 1	(2) 8	(20) 2	(5)

Abbreviations:	OS,	overall	survival;	RCT,	randomized	controlled	trial;	SPC,	summary	of	product	characteristics.
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and	 26%	were	 supported	 by	 a	 pivotal	 study	 powered	 to	 evaluate	
OS as the primary outcome.3	A	further	study	published	by	the	same	
research	group	by	Naci	et	al.	examined	 the	design	characteristics,	
risk	of	bias,	and	reporting	adequacy	of	pivotal	RCTs	of	cancer	drugs	

approved	by	EMA	from	2014	to	2016.	Among	32	approved	cancer	
drugs	based	on	54	pivotal	studies,	41	(76%)	were	RCTs	and	13	(24%)	
were	either	non-	randomized	studies	or	single-	arm	studies.	Only	10	
RCTs	(26%)	measured	OS	as	either	a	primary	or	co-	primary	endpoint,	

F I G U R E  2 (A)	Absolute	frequencies	of	indications,	including	indications	with	at	least	one	RCT,	at	least	one	RCT	with	OS	as	a	primary	or	
co-	primary	endpoint,	at	least	one	blind	RCT,	at	least	one	blind	RCT	with	OS	as	a	primary	or	co-	primary	endpoint.	(B)	Relative	(%)	frequencies	
per	group	of	indications,	including	indications	with	at	least	one	RCT,	at	least	one	RCT	with	OS	as	a	primary	or	co-	primary	endpoint,	at	least	
one	blind	RCT,	at	least	one	blind	RCT	with	OS	as	a	primary	or	co-	primary	endpoint.	OS,	overall	survival;	RCT,	randomized	controlled	trial

(A) (B)

F I G U R E  3 (A)	Absolute	frequencies	of	the	nine	most	frequent	indications,	including	indications	with	at	least	one	RCT,	at	least	one	RCT	
with	OS	as	a	primary	or	co-	primary	endpoint,	at	least	one	blind	RCT,	at	least	one	blind	RCT	with	OS	as	a	primary	or	co-	primary	endpoint.	
(B)	Relative	(%)	frequencies	per	single	indication	of	the	nine	most	frequent	indications,	including	indications	with	at	least	one	RCT,	at	least	
one	RCT	with	OS	as	a	primary	or	co-	primary	endpoint,	at	least	one	blind	RCT,	at	least	one	blind	RCT	with	OS	as	a	primary	or	co-	primary	
endpoint.	OS,	overall	survival;	RCT,	randomized	controlled	trial

(A)

(B)
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and	19	RCTs	(49%)	were	judged	to	be	at	high	risk	of	bias	for	their	pri-
mary outcome. Trials that evaluated OS were at a lower risk of bias 
than those that evaluated surrogate outcomes.4 The different result 
observed	in	our	study	(79%	of	indications	supported	by	at	least	one	
RCT)	is	likely	due	to	the	inclusion	of	drugs	approved	in	different	time	
periods and only partially overlapping.

Grössmann	et	al.	identified	134	different	new	anticancer	drugs	
and	indications	approved	by	EMA	between	2009	and	2016.	A	pos-
itive difference in median OS was associated with 76 licensed indi-
cations	(55.5%);	for	22	(16%)	of	them,	a	prolongation	of	more	than	
3	months	could	be	observed.	A	positive	difference	in	median	PFS	
was	observed	in	90	indications	(65.2%);	43	(31%)	of	them	showed	a	
positive	difference	of	more	than	3	months.	For	37	indications	(27%)	
no data were available for PFS and OS at the time of approval. In 
six	 indications	 (4.4%)	 a	 decrease	 in	median	OS	was	 reported.5	 A	
second study by the same group evaluated the number of new 
approvals	that	met	the	threshold	for	“meaningful	clinical	benefit”	
(MCB)	 according	 to	 the	 European	 Society	 for	Medical	 Oncology	
Magnitude	of	Clinical	Benefit	Scale	(ESMO-	MCBS).	MCB	was	not	
met	 by	most	 EMA-	approved	 cancer	 drugs,	with	 limited	 evidence	
on the clinical benefit available at the time of approval in approx-
imately half of the cases. The authors concluded that an approval 
status of an oncology drug may not confer a relevant health bene-
fit for patients.6	Finally	a	third	study	by	the	same	group,	included	
originator anticancer drugs that were approved between 2009 and 
2015,	 selecting	 those	drugs	with	ambiguous	benefit-	risk	profiles,	
where no information or negative information on median OS was 
available	at	 the	 time	of	approval.	Among	102	approval	 studies,	 a	
negative difference in median OS or no information was available 
in	 43	 (42.2%)	 instances.	 After	 3	 years	 past	 EMA	 approval,	 there	
are	 still	 29	 therapies	 left	 (28.4%)	 with	 no	 or	 negative	 informa-
tion	(n	=	24	[23.5%]	and	n	=	5	[4.9%],	respectively)	regarding	OS.6 
Overall,	the	researches	of	Grössmann	et	al.	provide	interesting	re-
sults	complementary	to	those	of	our	research,	therefore	mitigating	
its	limitations.	In	particular,	it	is	evident	that	in	many	cases,	in	ad-
dition	to	suboptimal	design	and	use	of	endpoints,	the	magnitude	of	
the	clinical	effect	also	appears	limited,	indicating	that	approval	of	a	
cancer drug is not synonymous with effective therapy.

Hatswell et al. systematically reviewed medicinal products ap-
proved	by	EMA	and	Food	and	Drug	Administration	 (FDA)	without	
an	RCT	from	1999	to	2014.	A	total	of	44	indications	were	granted	
without	RCT	 results	 by	 the	 EMA,	 including	 19	 indications	 for	 he-
matological malignancies and 9 for solid cancer.8 Our study found 
partially	different	 results,	due	 to	 the	observation	of	 two	different	
periods.	In	particular,	the	absolute	ratio	of	approvals	without	RCTs	
changed from approximately 2:1 to approximately 1:1 for hemato-
logical	versus	solid	cancers,	indicating	an	increasing	adoption	of	al-
ternative study designs for conducting pivotal trials in solid cancer 
setting over time.

Our	results,	showing	a	low	availability	of	post-	registration	RCTs	
for	indications	that	had	no	RCTs	at	approval,	are	in	agreement	with	an	
analysis	of	54	approvals	made	by	the	United	States’	FDA	from	2008	
to	2012.	A	total	of	36	drugs	(67%)	were	approved	on	the	basis	of	a	

surrogate	endpoint.	After	a	median	follow-	up	of	4.4	years,	five	drugs	
were	subsequently	shown	to	improve	OS	in	randomized	studies,	18	
drugs	failed	to	improve	OS	as	primary	or	secondary	outcomes,	and	
13	(24%)	drugs	continue	to	have	unknown	survival	effects,	meaning	
they remain untested or they have no reported survival results as 
primary or secondary outcome.9

Our results show that about one of five approved drugs was based 
on	uncontrolled	studies	and	that	only	25%	of	these	cases	had	at	least	
one	randomized	study	after	an	average	time	of	about	3.6	years	from	
approval.	This	represents	a	major	concern,	given	that	RCTs	still	 rep-
resent	 the	highest	 level	of	 evidence-	based	medicine,	 and	 that	RCTs	
are the gold standard when the aim of the research is to evaluate the 
intended effect of an intervention.23– 25	Randomization	was	proposed	
as the key element in defining added value drugs in an analysis that 
assessed anticancer drugs for hematological malignancies approved by 
EMA	from	1995	to	1996.	No	added	value	was	established	for	about	
two-	thirds	 of	 the	 drugs,	 primarily	 due	 to	 methodological	 concerns	
related	to	study	design	(absence	of	randomization)	and	endpoint	ro-
bustness.26	However,	even	when	randomization	takes	place,	it	is	not	
necessarily	a	guarantee	of	higher	quality,	for	example,	of	95	anticancer	
drugs	approved	by	the	FDA	from	2013	to	2018,	16	(17%)	were	based	
on	RCTs	with	suboptimal	control	arms.	When	categorized	by	the	na-
ture	of	suboptimal	control,	4	(25%)	trials	omitted	active	treatment	in	
the	control	arm	by	limiting	investigator's	choice,	11	(63%)	trials	omitted	
active treatment in the control arm by using a control agent known to 
be	inferior	to	other	available	agents	or	not	allowing	combinations,	and	
1	(13%)	trial	used	a	previously	used	treatment	in	the	control	arm	with	
a	known	lack	of	benefit	associated	with	re-	exposure.	Although	anti-
cancer	drug	approvals	are	increasing,	a	proportion	of	these	drugs	are	
reaching the market without proven superiority to what is considered 
the standard of care at the time of patient enrollment in pivotal trials.27

We found that far fewer than half of the studies were blinded. 
This represents a possible source of bias. If patients are not blinded 
to	their	allocated	treatment,	then	its	awareness	may	influence	their	
responses	 to	 the	 intervention	 and	 their	 reporting.	Commonly,	 pa-
tients assume that the new intervention will be more beneficial than 
the control or standard treatment. Compared with clinical event out-
comes,	patient-	rated	outcomes	(e.g.,	QoL,	pain,	and	discomfort)	are	
particularly sensitive to patients’ knowledge of the intervention to 
which	they	have	been	allocated.	Similarly,	if	investigators	are	aware	
of	 the	 patients’	 study	 treatment,	 their	 knowledge	 may	 influence,	
first,	their	management	of	the	patient	and,	second,	their	classifica-
tion of responses and events.28

Overall,	our	observations	and	previously	discussed	evidence	indi-
cate	the	suboptimal	quality	of	clinical	evidence	supporting	the	approval	
of	new	anticancer	drugs	in	Europe,	in	terms	of	study	design,	efficacy	
endpoints,	and	extent	of	clinical	benefit	demonstrated.	Furthermore,	
in	most	cases,	the	absence	of	solid	evidence	at	approval	persists	even	
after	 several	 years.	 Therefore,	 public	 regulators	 should	 further	 en-
courage	and	facilitate	the	conduct	of	randomized	pivotal	trials	capable	
of providing the highest level of evidence. This issue was recently and 
brilliantly	discussed	by	Naci	et	al.,	who	proposed	a	set	of	five	princi-
ples	to	promote	the	production	of	high-	quality	CE	to	support	decision	
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making,	briefly:	head-	to-	head	comparisons	 to	be	 routinely	 reported	
on	product	labels;	more	selective	use	of	expedited	programs,	includ-
ing	well-	designed	evidence-	generation	plans	to	be	conducted	in	the	
post-	marketing	period;	more	routine	use	of	active-	comparator	RCTs;	
network	meta-	analyses	to	be	performed	within	each	therapeutic	area,	
and	higher	harmonization	in	the	methods	of	registration	studies;	CE	
data to be a crucial factor in pricing and payment decisions.29

The agenda for further research to clarify the open points is re-
lated	to	the	limitations	of	our	study,	in	particular,	it	will	be	useful	to	
systematically evaluate the magnitude of the clinical effect in rela-
tion to the specific conditions and the risk of bias of the individual 
studies.	In	addition,	we	propose	further	standardization	and	harmo-
nization	in	reporting	study	results	by	EMA.	In	fact,	this	research	was	
conducted	by	manually	consulting	the	specific	EPAR	product	pages	
and extracting the searched data. This takes a long time and creates 
potential	sources	of	human	error.	Therefore,	an	aggregated	database	
would be useful to further foster research in this field and make clin-
ical evidence supporting drug use in the EU even more transparent.

5  |  CONCLUSION

Our systematic review of the indications for the treatment of solid or 
hematological	tumors	approved	by	EMA	from	2010	to	2019	shows	
that approximately four of five new approvals were supported by at 
least	1	RCT	at	the	time	of	approval.	The	quality	of	these	RCTs	was	
heterogeneous and a substantial proportion of new approvals that 
are	not	based	on	RCTs	is	lacking	post-	marketing	RCTs.	Future	efforts	
should focus on further improving the availability of data from pref-
erably	blinded	RCTs	reporting	on	OS	and	QoL	at	the	time	of	approval	
of a new cancer drug.
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