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There is a persistent variation in cancer outcomes among and within Euro-

pean countries suggesting (among other causes) inequalities in access to or

delivery of high-quality cancer care. European policy (EU Cancer Mission

and Europe’s Beating Cancer Plan) is currently moving towards a mission-

oriented approach addressing these inequalities. In this study, we used the

quantitative and qualitative data of the Organisation of European Cancer

Institutes’ Accreditation and Designation Programme, relating to 40 large

European cancer centres, to describe their current compliance with quality

standards, to identify the hallmarks common to all centres and to show the

distinctive features of Comprehensive Cancer Centres. All Comprehensive

Cancer Centres and Cancer Centres accredited by the Organisation of

European Cancer Institutes show good compliance with quality standards

related to care, multidisciplinarity and patient centredness. However, Com-

prehensive Cancer Centres on average showed significantly better scores on
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indicators related to the volume, quality and integration of translational

research, such as high-impact publications, clinical trial activity (especially

in phase I and phase IIa trials) and filing more patents as early indicators

of innovation. However, irrespective of their size, centres show significant

variability regarding effective governance when functioning as entities

within larger hospitals.

1. Introduction

Mortality pattern analyses across cancer registries in

Europe and within individual member states have

revealed significant differences in outcomes, which may

indicate that patients may not have equal access to best

practice, state-of-the-art therapy or clinical trials .[1]

In response to this challenge, we see in health sys-

tems across Europe a continuous process of concentra-

tion, cooperation in networks and formation of cancer

centres
1

within larger hospitals and university medical

centres, strengthening clinical pathways and integrating

with translational research and basic science. Recently,

comprehensive cancer centres as hubs within wider

‘Comprehensive Cancer Infrastructures’ have been rec-

ommended to be an integral part of the EU Cancer

Mission both by the Cancer Mission Board and the[ 2 ]

European cancer community to promote basic[3–7]

and translational research, to innovate in early detec-

tion and precision cancer medicine, and to meet the

challenges of access to and quality of cancer care. More

specifically, the Organisation of European Cancer Insti-

tutes (OECI) and the European Academy of Cancer

Sciences (EACS) suggest that there should be one com-

prehensi ve cancer centre per 5–10 million people and at

least one per member state, serving as quality drivers

and network hubs within the national structures [3–7]

and establishing a Europe-wide network of cancer cen-

tres in order to close the quality gap [8,9].

There are clear definitions of what defines a compre-

hensive cancer centre. Most fundamental is its multi-

disciplinary character and the governance as an

identifiable entity, often within a larger structure. The

comprehensive cancer centre definitions all involve the

tripod of clinical care, cancer research and education.

For instance, the Union for International Cancer Con-

trol (UICC) states in its 1978 document: Guidelines for

developing a Comprehensive Cancer Centre that the

scope of such a centre should encompass ‘clinical

application of new knowledge for patient care, research

which is both clinically and basically oriented, and [. . .]

professional and public education’ . Aspects of can-[10]

cer prevention are also a significant activity of most

cancer centres in conjunction with public health, in that

most of the robust oncogenetic services are to be found

within cancer centres, as well as significant services

directed towards the prevention of recurrence.

The characteristics of comprehensive cancer centres

have been defined through accreditation programmes by

OECI [11], the National Cancer Institute of the United

States [12,13] and Deutsche Krebshilfe [14], and these

required characteristics show remarkable conformity.

Within the cohort of Comprehensive Cancer Centres,

EACS also defines the requirements of centres, which

show the highest levels of research excellence [15].

There is growing evidence to suggest that aspects

that characterise cancer centres such as high treatment

volumes, earlier adoption of novel therapies, standard-

ised treatment protocols and patient pathways, greater

access to multidisciplinary consultation and easier

access to clinical trials are in some domains related to

superior outcomes for patients . Comprehensive[ 1 6–25]

Cancer Centres in particular are designed to bring

together leading clinical expertise across all major can-

cer types with translational cancer research and educa-

tion, thus generating mutual benefits, accelerating

adoption of novel therapies and enrolment in clinical

trials. However, the underlying evidence for the supe-

rior patient outcomes of Comprehensive Cancer Cen-

tres and other large cancer centres requires a greater

evidential base .[26]

In this study, we examine actual data from all 40

centres accredited between 2014 and 2020 by OECI.

The 40 centres are located in 18 different European

countries (15 out of 27 Member States of the EU plus

Norway, Turkey and the UK) and include 22 centres

that were subsequently designated as Comprehensive

Cancer Centres1 (CCCs) and 18 designated as Cancer

1
In this paper, ‘cancer centres’ refers to all centres with a specialism in cancer, and ‘comprehensive cancer centres’ as generally under-

stood in the literature, irrespective of OECI designation, while the capitalised terms Cancer Centre (CC) and Comprehensive Cancer

Centre (CCC) refer to the OECI designation status
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Centres
1

(CCs) (Tables S1 and S2). They produce

more than 12,400 peer-reviewed publications on cancer

research annually, have total annual research budgets

of well over 1 billion and have treated more than 1€

million new patients since their accreditations. We note

that the OECI accreditation system is not the only

such system in Europe: of note are also the Deutsche

Krebshilfe accreditation programme for the 12 14 lar-–

gest CCCs in Germany and the Deutsche Krebsge-[14]

sellschaft programme of organ centres and oncology

centres throughout Germany and mainly neighbouring

countries . However, it should also be pointed out[27]

that the OECI A&D programme remains unique in

the sense of assessing the comprehensiveness of cancer

centres in a pan-European manner.

The OECI Accreditation and Designation Pro-

gramme is described in the Supporting Information.

The OECI standards themselves have been accredited

by the International Society for Quality in Healthcare,

guaranteeing a rigorous process of objectivity and

evaluation. As part of the latest revision of the quality

standards, 100 European core quality standards for

cancer care and research centres have recently been

published .[28]

The OECI Manual 2.0 is divided into six[29,30]

chapters:

Chapter 1: Leadership and management of the can-

cer centre

Chapter 2: Prevention and early diagnosis

Chapter 3: Cancer treatment and care

Chapter 4: Research, innovation and development

Chapter 5: Teaching and continuing education

Chapter 6: Patient centredness

The goal of this study was to identify the character-

istics common to all cancer centres, and the particular

features that distinguish CCCs. Although OECI centre

designation status depends on predefined criteria (See

Table for these criteria) and data analysis may thusS2

reinforce the specified categories, this analysis high-

lights common strengths and weaknesses in both cate-

gories, as well as divergencies, which can be used to

derive learnings for emerging centres.

2. Data and Methodology

2.1. Data collection on 40 European cancer

centres accredited by the OECI Accreditation and

Designation Programme

The qualitative data we analysed relate to the auditors’

scoring of the degree of compliance with quality

standards comprising 272 subquestions within the six

chapters of the manual. The starting point for the

analysis was the entire data set for the 40 centres, sub-

sequently selecting for chapters, subchapters and indi-

vidual standards where the scoring of the two cohorts

(CCCs and CCs) showed statistically different results

or wide ranges.

Quantitative data sets were selected (out of more than

800 possible metrics) based on their relevance to research,

with the addition of some basic volume metrics.

We used the latest accreditation data set in every

case. Data sets have been reviewed across all 40 cen-

tres to assure completeness and reliability. Outliers

that were identified have been verified and manually

curated by contacting the individual centres to validate

the data. In view of the large number of items, we

only report on significant findings in this paper.

2.2. Statistical analysis of qualitative and

quantitative data

Individual (sub)-standards in t he qualitative question-

naires are scored by auditors as ‘yes’, ‘mostly’, ‘partially’

and ‘no’. Data are recorded as percentages of substan-

dards (individua l questions) answ ered with t he particular

score. In order to compare across centres, w e calculated

a compliance score usin g the followin g formula :

compliance score ¼ ðð2% yes % mostlyð Þ þ ð Þ

 ð ð ÞÞ% partiallyÞ  2% no

þ Þ ð Þ2 %Σ = 4 %Σ

This is a standard methodology where the goal is to

arrive at a normalised score from 0 to 1, 1 being

100% of available answers being ‘yes’ and 0 being

100% of available answers being ‘no’. Normalisation

to the sum of percentages answered no, partially,

mostly or yes was necessary due to missing values or

not-applicable standards for certain centres. Data

points with more than 33% of missing values have

been excluded from the analysis for the particular

(sub)chapter or standard.

Resulting compliance scores for chapters, subchap-

ters and standards have been compared across CCCs

and CCs using Welch’s t-test to account for

heteroscedasticity of the data and followed by the

Bonferroni correction for multiple testing as indicated.

Unbiased analysis was performed on chapters first,

and if statistically significant differences between the

two cohorts were found, analysis was then performed

on subchapters, and thence to individual standards so

as to identify the root sources of the differences

between the centre types.
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Quantitative data on 22 CCCs and 18 CCs have

been compared using the Mann Whitney test to–

account for non-normal distribution of the data.

Financial data in Euros were corrected for purchasing

power parity (PPP) with EU28 1 .= [31]

3. Results

3.1. Study cohort characteristics overall scale–

of OECI CCCs and CCs

CCCs are almost 50% larger in terms of newly man-

aged patients (median 5,721) than the median CC (me-

dian 4,002) (Fig. ). The larger scale of oncology1A

care in CCCs also translates to the median budget for

oncology care (corrected for PPP) being more than

twice as large in CCCs (median 150.1 M) compared€

with CCs (median 68.4 M) (Fig. ).€ 1B

Consonant with the designation criteria of the OECI

(Table ), the difference between the two cohorts isS2

more pronounced in the size of research budgets. CCCs

have a median annual research budget of 26.5 M,€

wher ea s CCs have a m edia n of €7.3 M (Fig. ).1C

3.2. Compliance with the OECI quality standards

The overall compliance of both cohorts to the six

chapters of qualitative items (Fig. ) showed that2A

CCCs scored significantly higher overall (Fig. ).2B 

However, significant differences were only observed

for chapters 1 (leadership and management) and 4 (re-

search, innovation and development), with chapter 4

showing the largest absolute difference (Fig. ).2C

The corollary to this is that we find no statistically

significant differences between the cohort of CCCs and

that of CCs in the following domains: cancer preven-

tion measures (chapter 2); cancer treatment and care

standards (chapter 3); teaching and continuing educa-

tion (chapter 5); and patient centredness (chapter 6).

CCCs are seen to consistently show high compliance

across all categories, which is confirmed by the data

when analysing compliance for individual centres

(Fig. ).2D

In order to understand whether the observed differ-

ence between CCCs and CCs is due to specific stan-

dards within chapters 1 and 4, we compared

subchapters and individual standards for all centres:

3.2.1. Compliance with quality standards on leadership

and management

Both CCCs and CCs show excellent compliance with

operative aspects of chemotherapy (subchapter 1.2)

and quality control processes for patient care (sub-

chapter 1.4). However, both CCCs and CCs demon-

strated slightly lower (but still good) compliance with

standards on organisational structure and governance

(subchapter 1.1), and on some operational aspects of

care (subchapter 1.3) (Fig. A).S1

Fig. 1. Size of OECI Compre hensive Cancer Centres (CCC) and OECI Cancer Centres (CC) in terms of patient numbers and financial

budgets. (A) Number of patients newly managed (CCC 22, CC 18). All numbers reported for individual centres correspond to then = n =

index year of the accreditation process. (B) Oncology budget (CCC 22, CC 17) for cancer care. (C) Research budget (CCC 22,n = n = n =

CC 17). Budget values have been converted to Euros and corrected for purchasing power parity. OECI thresholds for preliminaryn =

designation status for CCCs accordi ng to A&D Manual 2.0 are indicated with dashed lines. Middle horizontal lines represe nt the median,

and bars represent interquartile ranges, 0.01, 0.001 (Mann Whitney test).** P < *** P < –
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T h e l a r g e s t a b s o l u t e d i f f e r e n c e b e t w e e n C C C s a n d

C C s a n d h i g h e s t i n t r a c o h o r t v a r i a b i l i t y w a s o b s e r v e d

f o r o r g a n i s a t i o n al s t r u c t u r e a n d g o v e r n a n c e . D r i l l i n g

d o w n t o i n d i v i d u a l s t a n d a r d l e v e l t o a n a l y s e t h i s

( F i g . S 1 B a n d S 1 C ) , w e s e e h i g h v a r i a b i l i t y f o r s t a n -

da rd 1 ( wh er e we o bs erv e we ak ne ss es i n so me ce n-

t r e s ’ c o m p l i a n c e w i t h q ue s t i o n s o n c o r p o r a t e

s t r a t e g i c p l a n n i n g ) , f o r s t a n d a r d 5 ( w e a k n e s s e s i n

s o m e c e n t r e s r e g a r d i n g t h e q u a l i t y o f p a t i e n t o u t -

c o m e d a t a , a n d d i a g n o s t i c t r e n d s r e p o r t i n g b y c e n -

t r e s , e s p e c i a l l y C C s ) a n d f o r s t a n d a r d 6 ( c e n t r e s

o f t e n l a c k e d c o m p l i a n c e w i t h s u b q u e s t i o n s a b o u t

m a n a g e m e n t r e p o r t i n g a n d e v a l u a t i n g t h e e f f e c t o f

i m p r o v e m e n t a c t i o  n s ) .

Subchapter 1.3 contains standards concerning

patient pathways and multidisciplinarity (Fig. D).S1

Standard 17 assesses the overall documentation of

patient pathways, where a complete documentation of

patient pathways was not found in quite a few centres

(especially CCs). More significantly, Standard 18

assesses the process of multidisciplinary team (MDT)

meetings, where compliance data showed that the fun-

damental and practical aspects of MDT meeting pro-

cesses and decision-making are well established across

almost all centres.

3.2.2. Compliance with quality standards on research,

innovation and development

A n a l y s i s o f in d i v i d u a l s u bc h a p t e r s o n r e se a r c h , i n n o-

v a t i o n a n d d e v e l o p m e nt r e v e a l e d s t r o n g l y s i g n i fi c a n t

d i f f e r e n c e s b e t w e e n C C C s a n d C C s i n s u b c h a p t e r s

4 . 2 ( r e s o u r c e s a n d m a t e r i a l s ) a n d 4 . 3 ( p r o c e s s c o n -

t r o l ) ( F i g . S 2 A ) . W e al so o b s er v ed c o ns i d er a bl e v ar i -

a t i o n w i t h i n t h e C C C c o h o r t a c r o s s a l l t h r e e

s u b c h a p t e r s .

To understand these differences, the next level of

analysis was performed (individual standard level).

Here, we found that CCCs were significantly stronger

than CCs in research collaborations, organisation of

clinical research, processes of intellectual property and

innovation, and infrastructure for biobanking (Fig.

S2B and S2C). CCCs were also more consistent in

having a robust scientific knowledge transfer pro-

gramme, being subject to regular external review, and

in engaging an international Scientific Advisory Board.

(Fig. D). We also observed that in these researchS2

standards, several CCs, and occasionally CCCs,

showed low compliance with the standards, suggesting

that processes and procedures around research

required improvement.

Fig. 2. Centre compl iance with OECI qualitative standards. Compliance has been compar ed between the two designation types across the

six main chapters of the OECI qualitative questionnaire (A). Centres have been compared on overall compliance (B) and compliance with the

individual chapters (C) (CCC 22, CC 18). A heat map of individual centre compl iance and its designation status is shown in (D).n = n =

Centres are ordered by rank of total compliance from left to right. Middle horizontal lines represent the mean, and error bars represent the

standard deviation, 0.05 0.01 (Welch’s -test using the Bonferroni adjusted -values for multiple comparisons).* P < , P** < t P
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3.3. Quantitative findings on research and

innovation

The scale and quality of research, and its translation

into clinical practice, was further measured by research

outcomes in terms of scientific publications and patent

applications filed or granted (Fig. ) as well as clinical3

trial activity (Fig. ).4

3.3.1. Scientific publications, and patents as early

indicators of innovation

Higher research activity in CCCs results in a median

total publication output of 370 national and interna-

tional peer-reviewed publications per year, compared

with 104 for CCs (Fig. ), nearly a fourfold differ-3A

ence. Looking at the number of high-impact publica-

tions (impact factor 10) with first or last authorship>

in the centre, we see a more skewed distribution, with

a few CCCs publishing significantly more high-impact

research compared with their peers (Fig. ). The3B

absolute publication numbers show a good correlation

with the annual research budget for the more research-

focused CCCs (Fig. ). Although CCs have signifi-S3

cantly fewer high-impact publications, the percentage

of high-impact publications of the overall output is

not significantly lower in CCs compared with CCCs

(Fig. ).3C

The number of patents filed or granted within the

last five years reveals that only a few centres appear to

effectively support patenting or focus on patentable

research (Fig. ) and these are mainly CCCs; we3D

found a range of just a few to above 50 patents filed

or granted.

3.3.2. Clinical research activity

We find a very significant difference in the number of

clinical trials open to recruitment in CCCs (median

162) compared with CCs (median 42) (Fig. ). How-4A

ever, a few CCs have more than 100 open clinical tri-

als active. While the higher numbers of active trials

also translate to higher patient numbers being

recruited to prospective interventional trials per index

year (median CCC 894, compared with median CC

123) (Fig. ), these numbers show a much greater4B

variability (the upper interquartile is 1,144 for CCCs

and 205 for CCs). When expressed as a percentage of

newly managed patients in each centre per index year,

we observe more consistent data, with the median

CCC achieving interventional trial participation of

almost 13.9% of its newly managed patients (Fig. ).4C

This compares with a median of 3.1% of the CC

cohort. However, not all CCCs consistently achieve

the OECI designation threshold for CCCs of 10%,

reflecting the fact that OECI looks at designation crite-

ria ‘in the round’ (Table ).S2

As an indication of the translational research activ-

ity within centres, the number of early phase I and

phase I/IIa studies was counted (Fig. ). This reveals4D

a significant difference between CCCs and CCs, while

also showing striking variation among CCCs, ranging

from only 5 to as many as 83 trials.

4. Discussion

The OECI A&D Programme’s data on 40 accredited

large cancer centres enable us to identify common

themes throughout all centres, and to identify some

Fig. 3. Research output in form of scientific publications and successful patent applications as early indicators of innovation. (A) Sum of all

national and intern ational publications in the index year (CCC 22, CC 18). OECI threshold of 125 publications for preliminaryn = n =

designation status for CCCs according to A&D Manual 2.0 is indicated with a dashed line. (B) Number of high-impact publications (IF 10)>

with the first or last author being a centre member in the index year (CCC 21, CC 17). (C) Number of high-impact publicationsn = n =

shown in (B) as a percentage of the total publication output shown in (A). (D) Number of filed or granted patents within the last 5 years.

Middle horizontal lines represent the median, and bars represent interquartile ranges, 0.01 0.001 (Mann Whitney test).** P < , P*** < –
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hallmarks/differentiators of CCCs and their particular

contribution in cancer care, research and education:

4.1. Themes common to both cohorts (no

statistically significant differences)

4.1.1. Multidisciplinarity, pathway-based and patient-

centred care

Our findings indicate that all cancer centres performed

well in these domains, though CCCs generally scored

more strongly and consistently. In particular, the func-

tioning of MDT meetings in agreeing diagnosis and

treatment recommendations, which was one of the

innovations of cancer services in earlier decades, is

now firmly established as a norm in all centres, and

the representation of many professional disciplines at

the MDT meetings is followed. However, a clear docu-

mentation of patient pathways is sometimes lacking,

and we encountered different degrees of detail. Molec-

ular Tumour Boards are now becoming a standard

feature in cancer centres, but their existence was not

consistently tracked in the OECI Manuals being

reviewed here, although this measure is a clear feature

of the new Manual 3.0. These, and other features of

integrating latest scientific insights into patient care,

are also evaluated by the European Academy of Can-

cer Sciences’ certification of Comprehensive Cancer

Centres of Research Excellence .[15]

Patient centredness at an individual patient level,

offering choice, good information and clear communi-

cation, is common in most centres. The culture of

involving patient groups in co-creating practice

developments is also becoming more firmly established.

However, consistent analysis of patient outcomes and

treatment trends was not adequate in many centres.

OECI plans further research to analyse in greater

detail the compliance with care-related standards and

patient centredness, and the implications of those find-

ings for the future of cancer care in Europe.

4.1.2. Challenges with centre governance and

management

O u r d a t a s h o w e d t h a t t h e r e i s c o n s i d e r a b l e v a r i a b i l -

i t y i n t h e q u a l i t y o f c e n t r e g o v e  r n a n c e a n d m a n a g e -

m e n t . N o n c o m p l i a n c e w i t h c e r t a i n s t a n da r d s

i n d i c a t e s t h a t a c o m m o n p r o b l e m f o r c e n t r e s i s

e s t a b l i s h i n g a n a u t h o r i t a t i v e C a n c e r B o a r d f o r t h e

c e n t r e , w h i  c h i s a d e q u a t e l y b a l a n c  e d b e t w  e e n

r e s e a r c h a n d c l i n i c a l c a r e . T hi s i s m uc h e a s i e r f o r

s t a n d a l o n e c a n c e r c e n t r e s ; f o r c e n t r e s w i t h i n a

U n i v e r s i t y H o s p i t a l s e t t i n g , n e e d i n g t o l e v e r a g e t h e

r e s e a r c h o f s e v e r a l i n s t i t u t e s a n d U n i v e r s i t y d e p a r t -

m e n t s , t h i s i s a m u c h g r e a t e r c h a l l e n g e , w h i c h e v e n

s o m e l a r g e C C C s a p p e a r t o s t r u g g l e w i t h . I n s u c h

s e t t i n g s , c l i n i c a l a n d r e s e a r c h a c c o u n t a b i l i t y a c t u a l l y

r e s t s a t a h i g h e r l e v e l t h a n t h e C a n c e r B o a r d . T h e s e

c h a l l e n g e s m a y a l  s o a c c o u n t f o r t  h e a p p a r e n t w e a k -

n e s s e s i n s o m e c e n t r e s i n s t r a t e g i c p l a n n i n g a n d

r e s o u r c i n g , w h i c h s h o u l d c l e a r l y i n t e g r a t e r e s e a r c h

e n d e a v o u r s a n d c l i n i c a l p r i o r i t i e s . R e s e a r c h o n h o w

c e r t a i n C C C s h a v e b e e n f o r m e d i n r e c e n t d e c a d e s

w i t h i n U n i v e r s i t y H o s p i t a l s i s b e i n g p e r f o r m e d b y

O E C I , w h i c h s h o u l d h e l p i n f o r m t h e f u t u r e g r o w t h

o f k e y c e n t r e s m o r e e v e n l y a c r o s s E u r o p e , e s p e c i a l l y

i n t h e c o n t e x t o f t h e E U C a n c e r M i s s i o n .

Fig. 4. Clinical trial activity in OECI centres. (A) Total number of open clinical trials (interventional studies) (CCC 22 CC 17). (B) Totaln = n =

number of patients recruited to prospective intervention al clinical trials within the index year (CCC 21, CC 15). (C) Patients recruitedn = n =

as a percentage of all newly managed patients (CCC 21, CC 15). (D) The number of open phase I and phase I/IIa trials is used as ann = n =

indicator of centre initiated early clinical development (CCC 15, CC 11, data not available for A&D Manual v1.0). Dashed linesn = n =

indicate OECI designation thresholds for CCCs: 75 open trials (A) and 10% of newly managed patients enrolled in prospective interventional

trials (C). Middle horizontal lines represent the median, and bars represent the interquartile ranges, (Mann Whitney test)*** P 0.001< –
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4.1.3. Comprehensive education programme

We have found that most centres score satisfactorily in

this domain, though the analysis of compliance

showed that there are underperformers in both

cohorts. Evaluating the quality and breadth of educa-

tional programmes is notoriously tricky, and further

analysis and incorporation of quantitative parameters

would be necessary to measure and monitor the

improvements in individual centres over time, and

identify key areas for improvement.

4.2. Themes differentiating CCCs (statistically

significant differences)

4.2.1. Comprehensive research programme

Our findings show the degree to which CCCs leveraged

breadth and depth in research. The median peer-re-

viewed output of these institutions is nearly four times

higher than its CC counterpart. CCCs also provide sig-

nificant leadership in the authorship of high-impact

papers, the median being more than five times higher

than that of the CC cohort, and this provides a sub-

stantial engine room for the understanding of cancer

and the mechanisms of cancer therapy. This output is

commensurate with the finding that the median

research budget of CCCs is nearly four times higher

than the median research budget of CCs.

4.2.2. Integration of translational research into care

On clinical research, our data showed that the median

CCC had nearly four times more prospective interven-

tional clinical trials open to recruitment than its CC

counterpart. As significantly, the rate of patient

accrual to those trials is more than seven times the

median of CCs. It would be important to understand

the reasons for the difference between CCCs and CCs

and how to improve on trial recruitment rates, which

contribute to improved outcomes . This may be an[32]

indication that only CCCs can adequately finance and

support investigator-led studies, and also an indication

that pharma tends to concentrate their collaborations

with CCCs for reasons of capability, efficiency or

effectiveness. OECI does collect data on commercial

trial activity compared with investigator-initiated stud-

ies, but these data are not yet consistently curated.

However, some very high recruiting rates indicate that

the basis for reporting these numbers may not always

have reflected only interventional studies (i.e. some

centres may have mistakenly included some

observational studies). Overall, the data show that

when restricted to interventional therapeutic trials

only, the 10% average recruitment rate is quite a high

bar, even for some CCCs (the median rate was

13.9%). The most obvious disparity between the two

cohorts concerned the number of early phase I and

phase I/IIa studies open, where the median CCC man-

aged 24 studies (with some striking variations within

the cohort, from 5 to 83), compared with a median of

3 among CCs, some of which had none.

4.2.3. Compliance with the qualitative criteria

Within the cohort of CCs, some examples of low com-

pliance should be noted in Figs , S1 and S2.2B, 2C

These low scores relate in the main to the low volume

of cancer research in these centres; in one CC case, the

applicable legislation actually precluded research being

conduct ed in that insti tution. For t he rea sons s tated

elsewher e i n th is p aper, the clinic al q uality of these cen-

tres overall justified their accreditation as a CC, after

appropriate improvement actions were implemented.

4.2.4. Infrastructures linking research and the clinic

The quality of the infrastructure of biobanks, phase 1

trial units and biostatistical support for translational

research is significantly superior in CCCs than in their

CC counterparts, and these infrastructures should be

regarded as vital building blocks of a comprehensive

approach to cancer.

4.2.5. Innovation, development and commercialisation

strategy

Our findings indicate that CCCs were generally better

resourced with technology transfer offices, support for

intellectual property, commercialisation and had a

greater focus on patentable research and patents that

were filed or granted.

4.2.6. Volume of clinical care

Our data show that while there are some large CCs in

terms of newly managed patients per year, the median

of the CCC cohort is almost 50% larger than its CC

counterpart. But of greater interest for future research

are the data showing that the oncology care budgets

of CCCs show a much more pronounced spread at the

top end, indicating the greater costs associated with

large academic centres. Future research could examine

the source of such greater costs, which seem to over-

ride economies of scale.
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The strengths of this study include the extensive

database that has been built up through the OECI

Accreditation and Designation Programme. To our

knowledge, no earlier studies involving so many differ-

ent countries in Europe (18 countries) have been pub-

lished, especially those using data from both care and

research domains. A limitation is the possibility of dif-

fering interpretations of definitions and scores as a

consequence of health system characteristics. Further

improvements to data collection and curation would

increase the value of the comparative analyses (for

instance, clinical trial data).

It should be noted that this analysis of 40 accredited

centres by OECI represents the total of accreditations

in the period 2014 2020, and no centres have been–

excluded. During this period, accreditation has not

been denied to any centre, which actually is accepted

onto the programme; however, OECI has employed

two policies: the first is to prescreen centres (including

in some cases a previsit) on the basis of their basic

oncology functions, governance and size. Those not

meeting the prescreen criteria do not enter the pro-

gramme and consequently do not incur abortive costs.

The second policy, for those centres progressing in the

programme, is to delay accreditation for a period of

time after the peer review until key compliances are

met this was the case with 7 of the 40 centres–

reviewed in this paper. This policy is believed to be

commensurate with idea of using an accreditation pro-

gramme as a major tool to improve quality in a sus-

tainable way. The peer-review compliance scores in the

figures reflect the evaluation of the audit teams imme-

diately following the on-site visit. In a number of

cases, the low scores were addressed as key improve-

ments, which had to be delivered by the centre prior

to the accreditation decision. Explanations of some

low compliance scores with chapter 4 (research) are

given in 4.1 above.

The question of the geographical distribution of the

CCCs and CCs accredited (listed in Table ) is notS1

the major focus of this paper, but is worthy of some

note. The OECI accreditation scheme is a voluntary

scheme relying on the motivation of an individual cen-

tre, except in the case of Italy, where, beginning in

2012, the Ministry of Health directed all major cancer

research institutes to take part in the programme .[33]

It should also be noted that Germany has a very com-

plete accreditation coverage through the Deutsche

Krebsgesellschaft programme and the Deutsche[27]

Krebshilfe programme . However, it is evident that[14]

in some eastern and southern EU member states the

coverage of accredited CCs and CCCs is limited or

nonexistent. This apparent gap is a major focus behind

the proposals for Comprehensive Cancer Infrastruc-

tures recommended by the EU Cancer Mission Board

[2]. It is evident that centres in some member states

require expert advice and support at a local level, as

well as a twinning function with other large accredited

centres, to enable them to develop into high-perform-

ing centres.

As noted in the Introduction, despite some seminal

studies in the United States , the superi-[17, 18, 24, 25]

ority of treatment of equivalent patient cohorts in

CCCs or large cancer centres over those in general

hospitals has not yet been fully established. This is

related to the obvious methodological challenges in

outcomes research, especially the multifactorial con-

tributors to better outcomes when comparing centres.

Establishing a completely level playing field of equiva-

lent cohorts based on cancer, stage of diagnosis, co-

morbidities, and social and economic indicators, in

order to identify the specific contributions of the treat-

ing centre, is a major challenge when averaged across

all cancers. So far, comparative studies have been suc-

cessful only in the field of specific cancers, especially in

relation to surgery and particularly related to volume

differences . In the future, wider out-[16, 19, 20–23]

come studies related to the availability of molecular

diagnostics and targeted treatments, and the impact of

specialised and research-active multidisciplinary teams

in CCCs, would be welcomed.

There is then the wider question of how cancer cen-

tres disseminate their expertise to all settings diagnos-

ing and treating cancer in a locality, thus addressing

inequalities within countries. This challenge is

addressed in outline in both the EU Cancer Mission

[2] [9]and Europe’s Beating Cancer Plan in terms of

developing and strengthening cancer networks and

wider infrastructures. The outline of this challenge of

Comprehensive Cancer Care Networks was set out in

chapter 5 of the European Guide on Quality Improve-

ment in Comprehensive Cancer Control . OECI is[8]

addressing this challenge by piloting a set of quality

standards for cancer networks, whose results will be

published shortly.

5. Conclusion

With the EU Cancer Mission and Europe’s Beating[ 2 ]

Cancer Plan in the state of development at the date[9]

of writing, it is timely to review and recognise the hall-

marks of cancer centres in Europe, and the particular

characteristics of Comprehensive Cancer Centres. In

particular, the Cancer Mission Board interim recom-

mendation to establish ‘Comprehensive Cancer Infras-

tructures’ in every Member State of the EU will
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require a gap analysis of the current cancer infrastruc-

tures in Member States, and a plan to be agreed by

Member States of how to develop more accredited

cancer centres where these do not exist, and to build

cancer networks/infrastructures both within and

between Member States. This is supplemented by the

flagship initiative in the Beating Cancer Plan to create

by 2025 an EU network of Comprehensive Cancer

Centres with a wide accessibility to EU citizens. The

current study provides the first review of accreditation

data on 40 of the largest European cancer centres. The

analysis provides evidence that most OECI-accredited

centres have good compliance with care-related quality

standards, multidisciplinary working, professional edu-

cation and patient centredness.

The main difference between CCs and CCCs lies in

their comprehensive research programmes and clinical

trial activity, and for the first time, we show the

benchmarked evidence for this. The characteristics of

CCCs are that they achieve higher output across the

continuum of translational research, as assessed

through the number of peer-reviewed publications

(especially those of high impact), clinical trial activity

and number of filed or granted patents. On average,

CCCs have established superior research infrastructure

and achieve better integration of research and clinical

care.

Surprisingly, the data reveal strong variation in

compliance with leadership- and management-related

quality standards, even within the CCC cohort, and

this variation justifies further research into what con-

stitutes effective governance of cancer centres, as the

EU Cancer Mission and Beating Cancer Plan encour-

ages the creation and accreditation of Comprehensive

Cancer Infrastructures in Europe.

Acknowledgements

The authors acknowledge the contribution to the data

analysed in this paper of all the OECI-accredited can-

cer centres listed in Table . They also acknowledgeS1

the work of all OECI auditors who contributed in

teams to the peer reviews of the centres in this paper,

and the scoring of compliance with OECI standards.

Conflict of interest

SK, SO and AW received funding from the Organisa-

tion of European Cancer Institutes for this work.

WvH receives a nonrestricted grant from Novartis, a

nonrestricted grant from Agendia BV and a nonre-

stricted grant from Intuitive Surgical. PN and JL

acknowledge financial support from the Hungarian

Thematic Excellence Programme (TKP2020-NKA-26).

All remaining authors have declared no conflicts of

interest.

Author contributions

SK and SO jointly drafted this paper and analysis.

WW, AW and HB were responsible for data collection

and curation. WvH guided the paper strategically. J-

BB, PN, GS, EG, PDP, JL, TP, DdV, RO, AW and

WvH contributed to the draft. All authors contributed

to the OECI Programme on which this article is based.

Dedication

The authors dedicate this paper with gratitude to the

memory of our co-author, Professor Gordon McVie

(1945 2021): physician, scholar, innovator, cam-–

paigner, mentor and friend.

Patient and Public Involvement

Patient and public involvement is a fundamental ele-

ment of the OECI standards analysed by the paper, as

disclosed in the results and discussion.

References

1 Ferlay J, Colombet M, Soerjomataram I, Dyba T,

Randi G, Bettio M, Gavin A, Visser O & Bray F (2018)

Cancer incidence and mortality patterns in Europe:

Estimates for 40 countries and 25 major cancers in

2018. , 356 387.Eur J Cancer 103 –

2 European Commission. Conquering cancer: Mission

Possible. Interim Report of the Mission Board for

Cancer. Publications office of the European Union,

Luxembourg, 2020. https://op.europa.eu/en/web/eu-law-

and-publications/publication-detail/-/publication/

d0235612-b68a-11ea-bb7a-01aa75ed71a1 (accessed 26

June 2020).

3 Oberst S (2019) Bridging research and clinical care - the

comprehensive cancer centre. , 614 618.Mol Oncol 13 –

4 Berns A, Ringborg U, Celis JE, Heitor M, Aaronson

NK, Abou-Zeid N, Adami H-O, Apostolidis K,

Baumann M, Bardelli A ., (2020) Towards a canceret al

mission in Horizon Europe: recommendations. Mol

Oncol 14 , 1589 1615.–

5 Berns A, Ringborg U, Eggermont A, Baumann M,

Calvo F, Eggert A, Espina C, Hanahan D, Lacombe D,

Lorenzo F ., (2019) Towards a Cancer Mission inet al

Horizon Europe. , 2301 2304.Mol Oncol 13 –

6 Celis JE & Heitor M (2019) Towards a mission-oriented

approach to cancer in Europe: an unmet need in cancer

research policy. , 502 510.Mol Oncol 13 –

10 Molecular Oncology (2021) 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.ª

The attributes of cancer centres across Europe S. Kehrloesser .et al

Printed by [FEB
S Press - 093.144.019.213 - /doi/epdf/10.1002/1878-0261.12950] at [31/03/2021].



7 Philip T, Karjalainen S, De Lorenzo F, Apostolidis K,

Lombardo C, Nilbert M, Lacombe D, Poortmans P,

Albreht T, Kearns P ., (2019) What could be aet al

cancer mission objective if we join our forces in the

fight against cancer? , 447 455.Tumori J 105 –

8 Albreht T, Kiasuwa R & Va den Bulcke M. European

Guide on Quality Improvement in Comprehensive Cancer

Control. CanCon – Cancer Control Joint Action. National

and U niversity L ibrary. Ljubljana , Slovenia, 2017.

9 European Commission. Europe’s Beating Cancer Plan.

Brussels, 2021. (accessed on 11 Feb 2021) https://

ec.europa.eu/commission/presscorner/detail/en/

ip_21_342.

10 UICC-CICA (1978) Guidelines for Developing a

Comprehensive Cancer Centre. UICC, Geneva.

11 Saghatchian M, Thonon F, Boomsma F ., (2014)et al

Pioneering quality assessment in European Cancer

Centres: a data analysis of the organization

for European Cancer. , e342J Oncol Pract 10 –

349.

12 Nathan D & Benz EJ (2001) Comprehensive Cancer

Centres and the war on cancer. ,Nat Rev Cancer 1

240 245.–

13 NIH Funding Opportunities and Notices (2020)

National Institutes of Health (NIH) - National Cancer

Institute (NCI). Cancer Center Support Grants

(CCSGs) for NCI-designated Cancer Centers. (accessed

on 24 November 2020) https://grants.nih.gov/grants/

guide/pa-files/PAR-20-043.html.

14 Deutsche KrebsHilfe (2017) Program for the

Development of Interdisciplinary Oncology Centres of

Excellence in Germany Table of Contents Introduction/

Criteria for Funding. https://

www.krebshilfe.de/fileadmin/Downloads/PDFs/

Foerderung/CCCs_7th_call/Ausschreibung_

Leitfaden_7._Call__08_Sep_2017.pdfaccessed on 24

November 2020 .

15 Ringborg U, Celis J, Eggermont A & Berns A (2018)

The European Academy of Cancer Sciences –

Designation of Comprehensive Cancer Centres of

Excellence. , 138 139.Eur J Cancer 93 –

16 van Putten M, Nelen SD, Lemmens VEPP, Stoot

JHMB, Hartgrink HH, Gisbertz SS, Spillenaar Bilgen

EJ, Heisterkamp J, Verhoeven RHA & Nieuwenhuijzen

GAP (2018) Overall survival before and after

centralization of gastric cancer surgery in the

Netherlands. , 1807 1815.Br J Surg. 105 –

17 Pfister DG, Rubin DM, Elkin EB, Neill US, Duck E,

Radzyner M & Bach PB (2015) Risk Adjusting Survival

Outcomes in Hospitals That Treat Patients With

Cancer Without Information on Cancer Stage. JAMA

Oncol 1, 1303 1310.–

18 Wolfson JA, Sun CL, Wyatt LP, Hurria A & Bhatia S

(2015) Impact of care at comprehensive cancer centers

on outcome: Results from a population-based study.

Cancer 121, 3885 3893.–

19 Begg CB, Cramer LD, Hoskins WJ ., (1998)et al

Impact of hospital volume on operative mortality for

major cancer surgery. , 1747 1751.JAMA 280 –

20 Birkmeyer NJO, Goodney PP, Stukel TA, Hillner BE &

Birkmeyer JD (2005) Do cancer centers designated by

the National Cancer Institute have better surgical

outcomes? , 435 441.Cancer 103 –

21 Fong Y, Gonen M, Rubin D, Radzyner M & Brennan

MF (2005) Long-term survival is superior after

resection for cancer in high-volume centers. Ann Surg

242, 540–547.

22 Blay JY, Honor´e C, Stoeckle E, Meeus P, Jafari M,

Gouin F, Anract P, Ferron G, Rochwerger A, Ropars

M ., (2019) Surgery in reference centers improveset al

survival of sarcoma patients: a nationwide study. Ann

Oncol 30, 1143 1153.–

23 Haj Mohammad N, Bernards N, Besselink MG, Busch

OR, Wilmink JW, Creemers GJM, De Hingh IHJT,

Lemmens VEPP& van Laarhoven HWM (2016)

Volume matters in the systemic treatment of metastatic

pancreatic cancer: a population-based study in the

Netherlands. , 1353J Cancer Res Clin Oncol. 142 –

1360.

24 Bristow RE, Chang J, Ziogas A, Campos B, Chavez

LR & Anton-Culver H (2015) Impact of National

Cancer Institute Comprehensive Cancer Centers on

ovarian cancer treatment and survival. J Am Coll Surg

220, 940 950.–

25 Merkow RP, Yang AD, Pavey E, Song M-W, Chung

JW, Bentrem DJ & Bilimoria KY (2019) Comparison

of hospitals affiliated with PPS-exempt cancer centers,

other hospitals affiliated with NCI-designated cancer

centers, and other hospitals that provide cancer care.

JAMA Intern Med 179, 1043 1051.–

26 Sullivan R (2009) Has the US Cancer Centre model

been ’successful’? Lessons for the European cancer

community. , 192 203.Mol Oncol 3 –

27 Kowalksi C, Graeven U, von Kalle C, Lang H,

Beckmann MW, Blohmer J-U, Burchardt M, Ehrenfeld

M, Fichtner J, Grabbe S ., (2017) Shifting canceret al

care towards Multidisciplinarity: the cancer center

certification program of the German Cancer Society.

BMC Cancer 17, 850.

28 Oberst S, van Harten W, Sæter G, de Paoli P, Nagy P,

Burrion J-B, Lovey J & Philip T (2020) 100 European

core quality standards for cancer care and research

centres. , 1009 1011.Lancet Oncol 21 –

29 OECI. Accreditation and Designation User Manual–

v2.0, 2015. OECI.-EEIG Publisher D/2015/12.243/1– –

ISBN N. 9789080625693

30 https://www.oeci.eu/Attachments/OECI_ACC_Manual_

2_0.pdf (accessed on 29 June, 2020)

11Molecular Oncology (2021) 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.ª

S. Kehrloesser .et al The attributes of cancer centres across Europe

Printed by [FEB
S Press - 093.144.019.213 - /doi/epdf/10.1002/1878-0261.12950] at [31/03/2021].



31 OECD. Purchasing Power parities (PPP) (indicator),

2020. Available at: https://stats.OECD.org/Index.

aspx?DataSetCode SNA_TABLE4 (Accessed: 5 May=

2020)

32 Unger JM, Cook E, Tai E & Bleyer A (2016) The role

of clinical trial participation in cancer research: barriers,

evidence, and strategies. Am Soc Clin Oncol Educ Book

35, 185 198.–

33 Oberst S, Boomsma F, Lombardo C, Docter M,

Blaauwgeers H, De Paoli P, de Valeriola D, Paradiso A

& Saghatchian M (2015) Participation of Italian

Cancer Centres of the Alleanza Contro Il Cancro

(ACC) in the Organisation of European Cancer

Institutes (OECI) Accreditation and Designation

program: a successful first national initiative. Tumori

Journal 101, S6–9.

Supporting information

Additional supporting information may be found

online in the Supporting Information section at the end

of the article.

Fig S1. Centre compliance to subcategories in chapters

1 Leadership and Management.–

Fig S2. Centre compliance to subcategories in chapters

4 Research, Innovation and Development.–

Fig S3. Correlation of publication output with

research budget.

Appendix S1. Background to the Accreditation and

Designation (A&D) Programme of the Organisation of

European Cancer Institutes.

Table S1. List of accredited OECI Centres.

Table S2. List of accredited OECI Centres.

12 Molecular Oncology (2021) 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.ª

The attributes of cancer centres across Europe S. Kehrloesser .et al

Printed by [FEB
S Press - 093.144.019.213 - /doi/epdf/10.1002/1878-0261.12950] at [31/03/2021].


