
patient advocates, statisticians, epidemi-
ologists, pathologists and representatives
from cooperative trials groups and phar-
maceutical companies – spent two days
trying to find commonground onhow to
conduct clinical research where patient
populations are small.
Organised byESMOandRareCan-

cers Europe, the conference had two
aims: to bring everyone involved in rare
cancers behind a research strategy that
could significantly speedup thedevelop-
ment of an evidence base, and to build a
united front that can be used to seek
agreement on how regulators and payers
canbettermeet theneedsof this groupof
patients, for whom traditional standards
of evidence are difficult to achieve.

Can the Reverend Bayes help
deliver proven therapies for

patients with rare cancers?

� Anna Wagstaff

When you are diagnosed with
cancer, the last thingyouwant
tohear is thatmedical experts

have few treatment options to choose
fromandnotmuchevidenceonwhich to
make that choice. Yet this remains the
reality formanyof the fourmillioncancer
patients in theEU-27whoare livingwith
a ‘rare cancer’.
There are 186 of these rare cancers

(using the recently proposed definition of
acancerdiagnosed in fewer than6 inevery
100,000 people per year), with the seem-
inglycontradictory result that almostone in
four cancer patients has a rare cancer.
The consequences can be seen in

their markedly poorer prognosis. Five-
year survival figures – which broadly

speaking reflect theefficacyof treatment
– showpatientswith rare cancers do sig-
nificantly worse, with fewer than half
surviving for five years (47%), compared
with almost two-thirds for patients with
morecommoncancers (65%).While this
may inpart reflect the inherent nature of
these particular cancers, it is also proba-
bly a result of thecomparativedifficultyof
learning about how to treat rare cancers.
Howto advance thecauseof this dis-

parate group of patients, and unblock
progress in improving treatment strategies
and developing new therapies, is a ques-
tion that is commanding the attention of
an increasingly coherent community spe-
cialising in rarecancers. InearlyFebruary,
around50ofthem–clinicians, researchers,
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Conducting clinical trials in people with rare cancers is not easy when the numbers in a

small trial do not add up to convincing evidence. Now some researchers are pressing for

a new approach – using Bayesian trial designs tomake themost of available knowledge.
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show that the difference in outcome
between the trial arms is big enough for
it not to have come about by chance –
the all-important P-value.
The standard P-value required by

regulators – and payers – is P ≤ 0.05,
which means the odds of the demon-
strated differencehaving come about by
mere chance is less than 1 in 20. As
chancewill alwaysplay a larger role in the
outcome where numbers are small
(throwing a six two times out of four is
muchmore likely than throwing a six 20
times out of 40), proving a difference is
not just chance requires largenumbers of
patients: the smaller the difference, the
larger the number of patients required.

Where there are too few patients to
prove that an observed difference
could not have come about by chance,
the study is said to be ‘underpow-
ered’. As a general rule of thumb, said
Bruzzi, trials of therapies for patients
with early-stage disease require 500–
5000 patients, while in advanced dis-
ease the numbers are a bit lower, at
300–1000.
As a consequence, groups of

patients who cannot muster this level
of participation in a clinical trial risk
being excluded from the world of evi-
dence-based medicine: no research,
no ‘standard of care’, no guidelines, no
access to approved therapies.

A QUESTION OF NUMBERS
Paolo Bruzzi, clinical epidemiologist
at the National Cancer Institute in
Genova, Italy, explained the nub of the
problem. According to the traditional
rules of medical evidence nothing
counts but the numbers – which is
exactly what rare cancers don’t have.
To demonstrate the value of a new

treatment or treatment strategy, you
have to show beyond doubt that it ben-
efits the intended group of patients
– better survival, better quality of life –
more than a comparator, which is usu-
ally the standard of care. Using the
traditional ‘frequentist’ approach, this
involves treating enough patients to
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generate the scores, so as to minimise
the risk of bias. The credibility of the
result canbe further testedby subjecting
the model to a sensitivity analysis: con-
troversial values can be changed, or part
of the evidence can evenbe erased to see
what impactmore (or indeed less) scep-
tical assumptions would have on the
final probability distribution.

PATHOLOGICAL PATHWAYS AND
PRIOR PROBABILITIES
Building a consensus around the use of
Bayesian approaches to clinical studies
could be key to giving patients with rarer
cancersaccess toawhole rangeofnewbio-
logical therapies, theconferencewas told.
This is becausebiologicals that target

mutational pathways, or combinations of
pathways, are rarely specific to a single
cancer,whichmeans that there is aprob-
ability that a therapy developed and

and has never yet formed the basis for
approval of a new therapy by the regula-
tors or indeed reimbursement.Oneof the
tasks this conference set itself, there-
fore, was to start building agreement
around rules for defining prior probabil-
ities that can command confidence.
The proposal put to the conference

suggested a scoring system for rating
studies for their validity and pertinence,
“so that the assumptions of all calcula-
tions are explicit and can be criticised”.
A study in an identical patient popula-
tion would score higher on pertinence
than onewith the same cancer but at an
earlier stage; a well-designed trial with
a control arm would score better on
validity than a study that had used his-
toric controls (results from an earlier
sequence of patients) or none at all.
The proposal suggests using a trans-

parent and open consensus process to
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THE BAYESIAN ALTERNATIVE
Prompted by the need to develop an
evidence base for treating these smaller
groups of patients, doctors, researchers
and drug developers have begun to turn
to an alternativemethodology.Originat-
ing from a theorem developed by an
English priest and mathematician, the
ReverendThomasBayes, and first pub-
lished in 1763, theBayesian approach to
modelling probability has one great
advantage over frequentist approaches:
it enables all types of relevant informa-
tion to be fed into the probabilitymodel.
Using a frequentist approach, you

may have awell-designed and rigorously
executed randomised controlled trial
that comes up with impressive results,
yet fails the test of significance because
too few patients were spread across the
trial arms to demonstrate that the result
could not have come about by chance.
End of story.
Using a Bayesian approach, how-

ever, the results of that same trial could
be looked at taking into account the
strength of ‘prior’ evidence – relevant
information that could have been gath-
ered from any number of sources: bio-
logical and preclinical studies, case
reports, uncontrolled studies, studies
with surrogate endpoints, studies on
other similar cancers, or studies on the
same cancer in different stages.
The advantages of this approach

when working with small groups of
patients is clear. Thedisadvantage is that
the process of defining the strength of
prior evidence is open to subjectivity and
therefore to potential bias, which is why
it has been regarded with scepticism by
the scientific andmedical establishment,

“As a rule of thumb trials of therapies for patients

with early-stage disease require 500–5000 patients”

Almost 200 types of
cancer are each diagnosed
in fewer than 6 out of
every 100,000 people,
every year, and thus fit the
recently proposed
definition of a rare cancer
– some of these are
exceptionally rare
Source: RARECARE
project on surveillance of
rare cancers in Europe
(www.rarecare.eu).
Slides courtesy of Annalisa
Trama, Istituto Nazionale
dei Tumori, Milan

FAMILIES OF RARE CANCERS



approved to treat patients with one of
these cancers could also be of benefit to
patientswithcancers that share the same
mutatedpathways.Bayesianmethodolo-
gies allow drug developers to take into
accountknowledgegained in trials inone
indication when investigating the same
drugusedagainst the samepathwaysbut
in a different indication. If regulators,
and indeedpayers, areprepared toaccept
rigorouswell-designedBayesianstudiesas
abasis for approving access to themarket
and reimbursement, this could substan-
tially reduce the number of patients
needed toprovide thenecessaryevidence.
This in turnwouldmake it commercially
more feasible to develop the drug even
where the potential market is small, and
wouldalso cut the time taken forpatients
to get access to the drug.
This new paradigm for developing

drugs across tumour types that share a
mutational pathway has a number of
advantages, commentsAndrasFehervary,
head of Market Access for Novartis
Europe. “By predicting response, it

mental changes to the cur-
rent system thatwouldmake
it easy to conduct trials of tar-
geted drugs in patients with
cancers where the targeted
pathway is known to play a
role, particularly when that
drug has already been
approved in one indication,
andwhere the disease is seri-
ous and there are few or no
therapeutic options. Such a
system, he suggests, could be
based on numerous, fairly
small, investigator-initiated
trials; aneffectivewayof iden-
tifying eligible patients; and

agreement fromboth regulators andpay-
ers on allowing information gathered
both before and after the trials to form
part of the overall evaluation of the effi-
cacy and value of thedrug in that setting.
He paints this scenario:
“Assume we are working within

INCa [the French cancer research net-
work], and assume a patient has not
been accurately diagnosed, but is clearly
suffering cancer-related symptoms. The
patient is sent to the Institut Gustave
Roussy, and is comprehensively screened
against a range of biomarkers. That
patient is identified as potentially suf-
fering from a rare cancer, and there is a
clinical trial running in oneof the21cen-
tres linked to INCa specifically for that
form of cancer. The patient is very
quickly moved into that trial, and is
matched [confirmed to have the relevant
diagnosis for the trial]. The trial is set up
to run on Bayesian principles.
“Assume thepatient respondswell to

the treatment, and that these results
contribute to the overall clinical trial

reduces the number of patients needed
in clinical trials; by determining response
as early as possible, itmeans trials canbe
concluded faster; and by predicting not
only activitybut also adverseevents it pro-
vides the basis for ‘companion diagnos-
tics’ that can be used in routine clinical
practice to see which patients would
benefit most, and which might suffer
the greatest toxic effects. It would also
accelerate development of new drugs
and reduce attrition.”
It’s awin–winscenario, saysFehervary,

which aims at getting the right therapy at
the right dose for the right patient at the
right time–a goal sharedby the industry,
healthauthorities,physiciansandpatients
and their associations alike.
“For this tohappen inasustainableway,

we do need to cooperate to create a more
efficient system, whichmust be a patient
centric, andpatient outcomescentric, sys-
tem,” he adds. “And this calls for new
models of collaboration between industry
and its partners on important steps.”
Fehervary would like to see incre-
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Building a consensus around Bayesian approaches could

be key to giving patients access to new biological therapies

SURVIVAL IS POORER FOR RARER CANCERS

Speeding up development
of new therapies for rarer
cancers will be essential
to closing the stark
survival gap
Source: RARECARE
project on surveillance of
rare cancers in Europe
(www.rarecare.eu).
Slides courtesy of Annalisa
Trama, Istituto Nazionale
dei Tumori, Milan



results that show the drug is an active
molecule and effective in that setting. In
principle, assume there are30patients in
that group, we should be able to go to
EMA[theEuropean regulators] and say:
‘Wehave an activemolecule that should
bemade available to patients, but hasn’t
gone through the full safety tests that
come through the larger trials.However,
the risk profile of a patient suffering from
a rare cancer is different, because of the
poorer outlook for rare cancers, and
patientswant access.’Hypothetically this
could lead to approval.”
Fehervary also mentions the need

for greater involvement of
patients groups in clinical
trial design and execution, a
stronger focus on patient
adherence to their prescribed
treatment, better manage-
ment of side-effects,
and a more equitable
access to drugs and to
optimal standards of
treatment as important
areas for improvement.

BIGGER IS ‘NOT
ALWAYS BETTER’
Paolo Casali is a medical
oncologist who has spent most of
his career trying to improve out-
comes for patientswith sarcomas –
rare cancers now thought to consist
of more than 50 (even more rare)
subtypes. One of the key organisers
of the conference, he is an avowed
Bayesian enthusiast, and insists that just
because a trial is small this does not
mean it has to be eithermethodologically
unsound or inconclusive. He does
accept, however, that the smaller the

trial the more important is a rigorous
methodology: transparent, pre-agreed,
open to sensitivity testing. And that is
exactly why it is so important to build a
consensus around how this can be
achieved.
Casali points out that, over the years,

more than a few drugs have been
approved for small populations on the
back of a fairly poor evidence base – for
instance trials thathadnocontrol arm, or
that provide data only on tumour shrink-
age. In these cases, where the regulators
accept that it would not

be possible to run a fully powered phase
III randomised controlled trial, pharma-
ceutical companies (or other sponsors of
new drugs) are always uncertain about
how much evidence regulators will
demand to back up the application for
approval, and this may deter them from
developing drugs for rare indications.
Howmuchbetterwould it be tohave

trials designed according to agreed
Bayesian principles from the outset,
arguesCasali. Insteadofbringing inaddi-

tional informationat theendof
the trial, to be assessed, eval-
uated and applied by the
teamof regulators as they see
fit, that same information
would have to be submit-
ted in advance, with a con-
sensus over its validity and
pertinence, transparency
abouthow that consensus
was reached, and a sensi-
tivity analysis on more
uncertain assumptions.
Casali also ques-

tions the received wis-
dom that bigger trials
are always necessarily
better. “In rare cancers
in particular, large col-
laborations inevitably
lead to involving a large

number of institutionswhose skills in the
disease are limited, which has implica-
tions for the quality of carewithin these
studies,” he says.
Standard quality control measures

used in large trials, such as central
pathology review and central review of
scans, are useful but introduce their
own problems, and will never cover all
aspects of good-quality care saysCasali.
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“Large collaborations inevitably lead to involving

institutions whose skills in the disease are limited”

The Reverend Bayes and his theorem. The
potential for using our knowledge of cancer
biology to speed up the evaluation of new
therapies and treatment strategies is prompting
renewed interest in a theorem that was first
published almost 250 years ago in Philosophical
Transactions under the title ‘An Essay Towards
Solving a Problem in the Doctrine of Chances’
(Phil Trans 1763; 53:370)



academia has first a role towork together
to assess the feasibility of conclusive
trials using the most robust methodol-
ogy... Research groups should avoid
applying whenever possible what can
possibly be more debatable methodol-
ogy,” he told the conference.
Where patient numbers are small,

says Lacombe, the answer is to seek
international collaboration, if necessary
between collaborative groups.One such
collaboration, which answered several
questions about the best use of temo-
zolomide in patients with the aggressive
brain tumourglioblastoma, involved three
majorNorthAmerican groups –RTOG,
theNCCTGand theCanadianNCI– in
addition to the EORTC. Lacombe does
not deny the challenges posed by these
sorts of collaborations – a lot can go
wrongwithoutmeticulous planning and
unrelenting efforts to keep everyone in
step every step along the way. But this
shouldnot be anexcuse for not trying, he
insisted, and he cautioned against any
recommendations that could be inter-
preted as a green light to do “local, small
and inconclusive initiatives.”
Matt Seymour, director of the UK’s

National Cancer Research Network
(NCRN), and a specialist in gastro-
intestinal cancers, took a similar line, but
added that there would be a lot less
need for huge international collabora-
tions ifmore countriesmademore con-
sistent and concerted efforts to increase

“Every clinician knows that tumour
response assessment involves complex
clinical reasoning, as does every clini-
cal decision. Clinically speaking, by
definition, ‘blind’ central reviews,
which skip clinical data, will lead to a
worse tumour response assessment,
not a better one.”
“There has to be some trade-off

between the methodological require-
ments and clinical quality, otherwise,
clinicians will not believe in their own
studies,” arguesCasali, adding that this
is precisely what has happened with
several adjuvant randomised trials and
“basically all” randomised trials com-
paring adriamycin against adriamycin
and ifosfamide in soft tissue sarcomas.
“In fact, many sarcoma experts cur-
rently rely on small uncontrolled stud-
ies for their everyday decisions on
medical therapy more than on large
randomised trials, even though these
are in fact available.”

BAYESIAN IS ‘SECOND BEST’
Denis Lacombe, director of the head-
quarters ofEurope’s largest clinical trials
organiser, theEORTC, is distinctly cau-
tious about the use ofBayesianmethod-
ologies for gettingnewdrugs approvedor
extending theiruse tonew indications, on
the basis of results from small trials.
“While alternative designs should be

investigated to allow therapeutic progress
for these patients [with rare indications],

the proportion of cancer patients treated
within trials,
The UK tried it, he said, and as a

result “over the last 10 years the number
of cancer patients enrolled in trials has
increased five fold, to one in every six
cancer patients –matching the trial pop-
ulation of thewhole ofNorthAmerica.”
One consequence of this, he says, is
that theNCRNwas able to recruit suf-
ficient patients from theUKalone to run
large randomised controlled trials in
some very rare cancers, including one
demonstrating efficacy of palliative
chemotherapy in glandular carcinoma
and another in anal cancer demonstrat-
ing the efficacy of chemoradiation.
International collaboration will still

be essential particularly for very rare
cancers, added Seymour, and indeed he
was instrumental in launching the Inter-
national RareCancer Initiative last year
as a partnership between Cancer
Research UK, the EORTC, the UK’s
NCRN and the US National Cancer
Institute. This group focuses principally
on trials in cancer indications with no
more than 3 new cases annually per
100,000. Examples include trials in the
adjuvant and advanced setting compar-
ing treatment strategies for patientswith
small bowel adenocarcimona – a cancer
with only around 6newcases diagnosed
per 1,000,000 each year.
“We need to be ambitious; we can

achieve randomisedcontrolled trials in an
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He cautions against allowing Bayesian designs

to be used “as an excuse for underpowering”

“We need to be ambitious; we can achieve randomised

controlled trials in an international setting”



international setting. Where protocols
are well designed, well written and very
clear, you can achieve high quality even
for rare cancerswherecentres areputting
smaller numbers of patients.”
Seymour accepts, however, that some

cancers are so rare that, evenwith inter-
national cooperation, it is simplynot pos-
sible to recruit enoughpatients to answer
a trial questionwithin a reasonable length
of time using the traditional frequentist
methods and significance levels.
It is only in these situations that he

would consider turning to Bayesian
methodologies, and even then, only

where some “genuinely credible” prior
evidence is available, and only where
all prior evidence is agreed by everyone
before the trial starts. LikeLacombe, he
cautions against allowing Bayesian
designs andprior probabilities to beused
“as an excuse for underpowering”.

WHERE NEXT?
The challenge in the coming months
will be to amend the draft recom-
mendation to reach a consensus on
the way forward for methods for clin-
ical research into rare cancers that
satisfies the needs expressed by

Casali, while addressing the concerns
expressed by Lacombe and Seymour.
The hope is to publish a consensus
document in the Autumn.
Roger Wilson, who is currently in

treatment for recurrent myxofibrosar-
coma, and is a former chair of the UK’s
National Cancer Research Institute
Consumer Liaison Group (and former
NCRI board member), says it will be a
question of striking the right balance.
“What I as a rare cancer patient

need is for my scientists to recognise
that there are benefits in both
approaches and that they need to find
the balance which delivers patient
benefit. The scientist who drives
through a 10-year study in a rare can-
cer to deliver a result that has been
overtaken by a clinical development
which he knew nothing about when he
designed the study is not a bad
scientist, just a brave and unlucky one.
The scientist who used a Bayesian
approach and was able to adapt his
study to account for the new develop-
ment and then delivered a result which
is more relevant clinically at the time
it is completed is not just a lucky sci-
entist – he made his luck.”
Doing nothing is not an option, he

insists. “We need our researchers and
scientists to start to use Bayesian tech-
niques today in rare tumours so we can
assess what issues it raises, if any.”
Casali agrees, and he told the confer-
ence that during the course of this
year, together with colleagues from
the worldwide sarcoma community,
he will be starting some Bayesian
designed studies on new agents in
sarcomas.

TARGETING PATHWAYS NOT LOCATIONS

Glivec (imatinib), the first tyrosine kinase inhibitor, blocks the activity of abl, c-Kit and the
platelet-derived growth factor receptor PDGFR. It was initially approved to treat patients with
chronic myeloid leukaemia. Later this was extended to patients with Kit-positive GIST, and
then in 2006 Novartis submitted a single study for approval in five other rare indications.
The company is now pursuing a similar strategy with its mTor inhibitor everolimus (Afinitor/
Votubia), which has been approved for renal cell carcinomaand subependymal giant-cell astro-
cytoma on both sides of the Atlantic, and additionally for pancreatic NET in the US. The drug
is currently in phase II trials for four additional rare cancers.
Xalkori (crizotinib) inhibits the tyrosine kinases ALK, ROS1 and c-Met, and was recently
approved in the US for treating patients with non-small-cell lung cancer with the ALK muta-
tion. Pfizer is currently running trials of the drug in anaplastic large-cell lymphoma and neu-
roblastoma. In Europe, crizotinib is also being investigated in the EORTCCREATE trial for use
in anaplastic large-cell lymphoma, inflammatorymyofibroblastic tumour, papillary renal cell
carcinoma type 1, alveolar soft part sarcoma, clear cell sarcoma, and alveolar rhabdo-
myosarcoma – all of them rare cancers.
GlaxoSmithKline is now taking this paradigm one step further by proposing to study its own
investigational BRAF inhibitor with an investigational MEK inhibitor in patients who express
relevant mutations, regardless of the location of their tumour. According to an article by
Michael McCaughan (Elsevier Business Intelligence, November 16, 2011), the expectation
seems to be that the US regulators, the FDA, would not oppose this approach in principle
in the case of applications for approval acrossmultiple rare cancers, but would be less open
to the same approach across more common cancers.
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“We need to start to use Bayesian techniques today in

rare tumours so we can assess what issues it raises”


