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According to Francesco Pig-
natti, Head of Oncology at 
the European Medicines 

Agency (EMA), the term ‘tumour 
agnostic’ is a misnomer. The defini-
tion of agnostic in ancient greek, he 
argues, is ‘lacking in knowledge’. 

But with these new approaches, 
it’s not that we don’t know, “it’s a 
situation where we have compre-
hensive evidence, so in a sense, it’s 
a very gnostic situation!” Neverthe-
less, ‘tumour agnostic’ (or ‘tissue 
agnostic’) is a term that has stuck to 

describe therapeutics that treat the 
molecularly targetable abnormali-
ties that fuel cancers across multiple 
tumour types. 

This approach has the poten-
tial to completely change the way 
patients are treated, but there are 

Are tumour-agnostic 
approaches the future for 
oncology? 
Never mind what or where it is, just look for the target. Rachel Brazil asks whether this will 
be the new paradigm for treating cancer, and explores the challenges raised by a tumour-
agnostic approach when it comes to developing the clinical evidence, defining the value of the 
drug, and rolling out affordable and reliable diagnostics.

©
 M

ad
da

le
na

 C
ar

ra
i



Spotlight

45Winter 2020/2021

questions about how our regulatory 
and health systems would need to 
adapt to this new paradigm.

In 2017 the US regulatory 
authority, the FDA, granted 
accelerated approval for the use 
of pembrolizumab (Keytruda), 
a programmed death receptor-1 
(PD-1) inhibitor, for treating solid 
tumours that are either microsat-
ellite instability-high (MSI-H) 
– where the cancer cells have a 
high number of mutations within 
tracts of repetitive DNA known 
as microsatellites – or DNA mis-
match repair-deficient (dMMR) – 
where the cells are unable to repair 
mistakes made during the division 
process, leading to accumulations 
of mutations.

This represented an expansion 
from its previous approval for met-
astatic melanoma, metastatic non-
small-cell lung cancer (NSCLC), 
head and neck cancers, and classical 
Hodgkin lymphoma. From five clin-
ical trials, the drug was also judged 
effective for endometrial cancer, 
gastric cancer, pancreatic cancer 
and biliary cancers, where appro-
priate biomarkers were present.

The first FDA tumour-agnostic 
approval for a drug not already in 
use came in 2018, with the tyro-
sine kinase inhibitor larotrectinib 
(Vitrakvi). It was approved to treat 
any advanced solid tumour with 
mutations in the NTRK genes 
that drive tumorigenesis. The piv-
otal study showed an impressive 
75%–80% overall response rate in 
12 different cancer types that all 
had NTRK fusions (Drilon A et al. 
NEJM 2018). In August 2019 the 
FDA approved another tumour- 
agnostic drug, entrectinib (Rozly-
trek), for treating metastatic solid 
tumours that have an NTRK gene 

fusion, where no alternative ther-
apy exists, and metastatic NSCLC 
with fusions in the ROS1 gene. By 
2019, the EMA had followed suit 
and granted larotrectinib its first 
tumour-agnostic approval.

At least 10 further tumour- 
agnostic therapies are in develop-
ment, based on a range of genetic 
mutations, including mutations in 
the RET gene, found in 2.21% of 
all cancers, and mutations in the 
neuregulin 1 gene (NRG1), which 
is found across solid tumours 
in lung, pancreas and breast tis-
sue. But whilst tumour-agnostic 
approaches have attracted a lot of 
attention, it is still a niche area. 
“The amount of companies and 
developers who claim that they 
are pursuing such development for 
the time being is relatively small, 
and whilst we cannot foresee the 
future, many think that this is 
not going to be the predominant 
approach,” says Pignatti.

Clinical development - basket 
trials

One of the innovations needed 
to develop tumour-agnostic drugs 
has been clinical trials that can 
span multiple histologies. These are 
known as basket trials (or some-
times bucket studies). They are cur-
rently done in multiple ways, but all 
governed by an overarching master 
protocol, often with specific treat-
ment ‘arms’ or ‘baskets’ for cancers 
of different origins. “I’ve seen in 
practice different examples… you 
can decide how independent the dif-
ferent sub-studies are. You can have 
one sub-study for breast cancer and 
another one for lung cancer, or have 
one single study where you pull them 
all together,” says statistician Olivier 

Collignon, from the Luxembourg 
Institute of Health, who is co-author 
of a study on statistical and regula-
tory perspectives on basket trials 
(Collignon O et al. Clin Pharmacol 
Ther 2020). Another new type of 
trial, an umbrella trial, studies mul-
tiple therapies in different biomark-
er-matched patient subgroups with 
the same cancer histology.

Whilst these trials are currently 
more common in exploratory 
phase II settings, they have started 
moving into the regulatory setting. 
One of the first basket trials used 
for approval was for vemurafenib 
(Zelboraf), approved by the FDA 
in 2011 for treatment of melanoma, 
based on the BRAF V600E genetic 
mutation. A basket trial also con-
cluded that patients with the rare 
blood cancer Erdheim-Chester 
Disease who carried a BRAF 
mutation could also benefit from 
the drug (and approval for that 
indication was granted in 2017).

Large basket trials are becom-
ing a key feature in oncology trials. 
“It allows [us] to be more efficient, 
but also [it allows] better part-
nerships,” says Denis Lacombe, 
Director General of the European 
Organisation for Research and 
Treatment of Cancer (EORTC) in 
Brussels. An example is the ‘Bas-
ket of Baskets’ trial run by Cancer 

“What we like in this type 
of trial is that it allows us 
to apply the concept of 
‘leave no one behind’, so 
you try to offer as many 
solutions as possible”
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The evolving framework of clinical trials used to 
support oncology drug approval

Trials have shifted from enrolling 
(top) unselected patients exclusively 
based on the type of tumour, to an 
exquisite, appropriate selection of 
biomarker-defined populations, either 
(middle) within a specific tumour 
type or (bottom) across a variety of 
different cancers that share a common 
molecular abnormality. Consequently, 
phase 3 clinical trials have been gradually 

replaced by redesigned phase 1 and 
phase 2 clinical trials, recently leading to 
accelerated and conditional approvals 
of new anticancer agents based on the 
results of phase 1/2 ‘basket’ trials and 
large expansion cohorts of molecularly 
selected patients, thus redefining 
the traditional phase 1/2/3 model 
that previously worked with cytotoxic 
chemotherapies.

Core – a collaborative group of 
seven centres of excellence spread 
across France, Spain, Italy, Ger-
many, Sweden, the Netherlands 
and the UK. The trial is currently 
testing the novel PD-L1 immu-
notherapy drug, atezolizumab. It 
aims to screen 1,000 patients over 

two years from patients treated at 
the seven centres, using a common 
molecular profiling platform to 
match patients to targeted thera-
pies. The trial will also add other 
new experimental drugs from 
other pharmaceutical companies 
that target different genetic muta-

tions (Brana I et al. JCO 2019).
The EORTC has embarked on a 

biomarker-led umbrella trial called 
UPSTREAM, focused on head and 
neck cancer (carcinoma, squamous 
cell of head and neck). “There are 
multiple partnerships with several 
companies, so that we can try to 
match each cohort of patients with 
the most probable drug to benefit 
them,” says Lacombe. “What we 
like in this type of trial is that it 
allows us to apply the concept of 
‘leave no one behind’, so you try to 
offer as many solutions as possible”

One positive change being seen 
with tumour-agnostic approaches 
is the inclusion in clinical trials of 
patients with rare cancers. “Rare can-
cers have not been in the spotlight, 
they get less attention, and that [has 
been] one of the benefits of having 
the capacity to understand the biol-
ogy of cancer,” says Lacombe. For 
example, NTRK fusions are present 
in only 1% of solid tumours, but if 
histologies are looked at together, 
it makes a big enough market for 
drug development to be worthwhile 
– hence the development of larotrec-
tinib and entrectinib.

Uncertain evidence – are the 
baskets too small?

But these new types of trials 
have led to some concerns. “If we 
are talking about trials designed to 
learn, for hypothesis generating and 
understanding the biology, I think 
that they may play a very important 
role, because they allow us to prog-
ress so rapidly,” says Lacombe, but 
he adds, “When it comes to trials 
to conclude – to change practice – 
that’s a little bit more difficult.”

The unease comes from the rel-
atively small amounts of data that 

Source: Adapted from: C Hierro et al (2019) Clin Cancer Res 1:25:3210–3219
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have been used in some tumour- 
agnostic basket trials. For example 
pembrolizumab was approved in 
the US based on five studies in 149 
patients across 15 histologies, and 
larotrectinib was studied in three tri-
als including 176 patients across 12 
histologies – significantly less data 
for each tumour type than would 
usually be expected. “We’ve seen 
drugs coming on the market earlier 
and earlier, based on sometimes very 
small data sets. And it can be [an] 
innovation, but we have also seen a 
lot of examples where actually what 
was called innovation turned out 
not to be an innovation in terms of 
patient benefit,” says Lacombe.

The challenge for regulators is 
the added heterogeneity when dif-
ferent histologies are considered 
together. Basket trials include rare 
cancer types that share biomarkers 
with much more common cancers. 
Not only are the numbers of patients 
involved very different, but they may 
have widely different prognoses. “A 
10% or 20% improvement in pros-
tate cancer sounds very low to me. 
Whereas if you take a 20% improve-
ment in multiple myeloma, or 
[another] more aggressive cancer, the 
figure is the same, but from the reg-
ulatory point of view, it doesn’t mean 
the same thing,” explains the statis-
tician Collignon. And as cancers of 
different origins currently have very 
variable existing treatment options, it 
makes the benefit–risk assessments 
for an entire group very difficult.

Pignatti says that using what were 
initially exploratory basket trials for 
regulatory approval “requires a rig-
orous and planned way to minimise 
statistical error.” One critical issue is 
controlling what are known as type 
1 errors – results falsely indicating 
that a therapy is effective, when it is 

not. The heterogeneity of basket trials 
increases this risk due to the multi-
plication of errors present in each 
sub-group and in comparisons across 
multiple treatment arms and multiple 
comparisons over time. Currently 
regulators mandate statistical errors 
must be less than 5%, and Collignon 
says basket trials are particularly 
prone to error inflations above this 
level.

The drugs approved on a 
tumour-agnostic basis so far have 
been given conditional approvals, 
which means they can be legally 
marketed if there is a reasonable 
expectation of effectiveness even if 
the data is not complete. The phar-
maceutical company is then expected 
to carry out extensive follow-up 
studies. “There is more emphasis on 
post-marketing data generation… 
they’re expected to systematically 
collect data on efficacy and safety, 
or histologies that were considered to 
be less well represented at the time of 
approval,” says Pignatti.

The EMA does not currently have 
specific guidelines for the use of bas-
ket trials in tumour-agnostic thera-
pies, but Pignatti says they are being 
developed. While it is likely that 
each case will differ and will need 
to be assessed on its own merits, it 
also seems likely that the traditional 
phases of clinical trials may start to 
change, with more emphasis on large 
basket trials designed to explore mul-
tiple cancers.

Uncertain value

“[An] elephant in the room is 
the cost of such agnostic drugs,” 
says Roberto Salgado, a pathologist 
at the Breast Cancer Translational 
Research Laboratory at the Institut 
Jules Bordet, Brussels and Gast-

huisZusters Antwerpen (GZA) in 
Belgium. “Reimbursement agencies 
may not be willing to fund costly 
drugs, based on phase II trials, where 
the full solid cancer population 
would need to be tested [for the bio-
marker].” Pignatti agrees that assess-
ing value could be a problem, given 
that many of the current tumour- 
agnostic drugs have been approved 
based on very little data on overall 
survival rates – information critical 
for evaluating cost-effectiveness.

In April 2020, England’s 
National Institute for Health and 
Care Excellence (NICE) and Ger-
many’s Institute for Quality and 
Efficiency in Health Care (IQWiG) 
rejected larotrectinib (Vitrakvi), 
at £15,000 (almost €17,000) for a 
30-day course, due to its uncertain 
cost-effectiveness, given the lim-
itations of available data and the 
lack of any other similar drug with 
which to make comparisons. The 
drug could have been useful for an 
estimated 700 patients in England, 
and marketers Bayer claimed that 
the assessing authorities did not yet 
have the right methods to assess 
tumour-agnostic approaches.

Lacombe suggests one solution 
could be to scale costs to reflect this 
lack of data: “The cost should be pro-
portional to uncertainty and eventu-

“The cost should 
be proportional to 
uncertainty and 
eventually be revisited  
when it is confirmed to 
be a true benefit to the 
patient and to society”
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ally be revisited one way or the other, 
when it is confirmed to be a true ben-
efit to the patient and to society”

Diagnostics

The failure of larotrectinib to get 
through cost-effectiveness assess-
ments contrasts with the enthusi-
asm shown by NHS England chief 
executive, Simon Stevens, who told 
a conference in 2019 that the NHS 
must be ready to fast-track tumour- 
agnostic therapies and prepare for 
the diagnostic testing that will be 
required to identify genomic muta-
tions. Tumour-agnostic therapies 
will rely on European health services 
having the capacity for this testing. 
“National healthcare settings are still 
not equipped to fund or organise a 
systemic analysis of all solid cancers 
for genomic aberrations,” says breast 
pathologist Salgado.

France and the UK have pri-
oritised the development of a 
next-generation sequencing infra-
structure, but prioritisation and 
support for precision medicine 
diagnostics is still lacking, partic-
ularly for rarer mutations such as 
NTRK gene fusions. There is also 
little standardisation of approaches, 
says Salgado. “Not all laboratories 
use the same gene panel, which is 
also a prerequisite to test for spe-
cific genomic markers, meaning 
that a patient tested in centre X 
with panel Y, for potentially trial 

Z, may not be identified in another 
laboratory that uses another panel 
that does not contain that particular 
gene [biomarker].”

Another contentious issue is 
whether a particular diagnostic test 
should be developed to accompany 
a specific drug – known as a com-
panion diagnostic. “I’m not in favour 
of linking drugs to assays, as this 
creates an unfavourable context for 
[the] development of new assays,” 
says Salgado. “Why should a com-
pany promote another biomarker, 
which is easier to perform in labo-
ratories and [may] be less expensive, 
if they have an assay approved with 
the drug?” From the patients’ per-
spective, he adds, “it makes sense to 
integrate gene panels with as many 
genes as possible, so that national 
cancer registries have a collection 
of the most important genomic 
events in solid and haematological 
tumours, and patients don’t have to 
fear that their tumour will be tested 
with suboptimal gene panels.”

Salgado also points out that the 
integration of new biomarkers into 
diagnostic panels is severely ham-
pered by the fact that developments 
are driven by industry, with few 
academically developed biomarkers 
integrated in daily practice over the 
past decades. “To make this happen 
more frequently we need to collab-
orate with industry and regulatory 
[bodies] early on in trial design, to 
integrate new biomarkers in drug-
driven clinical trials,” he says.

How tumour-agnostic can 
treatments be?

Practicalities aside, there are still 
also fundamental questions about 
the tumour-agnostic approach and 
how effective it will turn out to be. 

There are already several examples 
where a genetic marker turns out to 
have a different impact on the pro-
gression of a tumour, depending on 
its histology. Kinase inhibitors tar-
geted at the BRAF oncogene, for 
example, have not been shown to 
be tumour agnostic. BRAF muta-
tions are present in roughly 50% of 
melanomas and 10% of colorectal 
cancers, but only melanoma patients 
responded dramatically to BRAF 
inhibitors (Kopetz J et al. JCO 2010).

From Genentech’s non-mela-
noma basket trial for the BRAF 
inhibitor vemurafenib in 2012, 
it was discovered that, in col-
orectal cancer, BRAF inhibition 
triggers the epidermal growth 
factor receptor (EGFR) signalling 
pathway that drives cancer pro-
liferation – a pathway not active 
in melanoma (Prahallad A et al. 
Nature 2012). More recently, the 
FDA approved a combination 
of BRAF inhibitors with EGFR 
inhibitors for treating metastatic 
colorectal cancers.

Differences were also found in a 
multi-histology basket study of the 
pan-HER kinase inhibitor neratinib 
(Nerlynx) from Puma Biotechnol-
ogy, which targets both HER2 and 
HER3 receptors and is approved by 
the EMA for treating HER2-posi-
tive breast cancer. The study found 
clinical responses in patients with 
breast, cervical, biliary, salivary, and 
non-small-cell lung cancers, but not 
in those with bladder cancer and col-
orectal cancer.

Even before tumour agnostic 
approaches, there have always been 
differences in drug efficacy amongst 
patient sub-populations such as 
by age-group, gender, and general 
health status, and Pignatti suggests 
that, for regulators, histology may 

Tumour-agnostic 
therapies will rely on 
health services having the 
capacity for this testing
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Selected tumour-agnostic drugs in clinical 
development

Tissue-agnostic indications contingent on trial data 

MMR – mismatch repair, MSI-H – microsatellite instability-high, PD1 – programmed cell death protein 1,  
PDL1 – PD1 ligand 1 
Source: Adapted from: K Garber (2018) Tissue-agnostic cancer drug pipeline grows, despite doubts.  
Nat Rev Drug Discov 17:227–229

become just one more factor that 
needs to be considered. “Histology 
will be a question, but all the char-
acteristics of a population will be 
looked at, and if they’re not homoge-
neous, you need to ask the question: 
Are there sub-populations where it 
can be shown that the drug doesn’t 
work? – and then we will have to 
review our concept of a pan-histol-
ogy efficacy to something which is a 
little bit more specific.”

For some clinicians, the focus on 
tumour-agnostic therapies is unjus-
tifiably overshadowing other areas 
of cancer treatment. The issue has 
sparked differences in opinion in the 
oncology community. An analysis by 
Vinay Prasad at the Oregon Health 
& Science University in Portland 
found that only about 9% of patients 
with metastatic cancer will be eligi-
ble for a genome-targeted drug, and 
just 5% will benefit from the therapy. 
He says the enthusiasm surrounding 
the promise of precision medicine 
needs to be tempered (Marquart J et 
al. JAMA Oncol 2018).

Others say that a growing num-
ber of patients will benefit as 
more tumour-agnostic therapies 
are approved. In a Science article 
(published online 24 April 2018), 
oncologist David Hyman reported 
that Memorial Sloan Kettering 
Cancer Center, in New York, had 
tested tumours of more than 25,000 
patients: 15% could already be 
matched to an FDA-approved drug; 
a further 10% could be matched to 

drugs in clinical trials, and a further 
10–15% to drugs then in pre-clinical 
animal trials.

But is too much attention and 
funding given to these approaches at 
the expense of other important ther-
apeutic avenues? “To some extent, 
I agree with this statement,” says 
Lacombe. “Not everything is about 
drugs. It’s also about improving 
our radiation oncology techniques. 
It’s bringing new technologies to 
patients. It’s also improving surgical 
approaches – cancer is a very inter-
disciplinary field, it’s a disease that is 
treated by an interdisciplinary team, 
so we should look at the palette of 
treatments that we have.”

Clearly the picture will never 
be as simple as one drug for one 
biomarker regardless of the cancer 
type. Tumour-agnostic approaches 
represent the next step in preci-
sion medicine and our improved 
understanding of cancer biology. 
But it may be that they will con-
tinue to be the exception rather 
than the rule. “There remains an 
array of uncertainties and we have 
to understand, actually, why some 
patients are not going to benefit,” 
says Lacombe. “We should remain 
humble. We are making progress, 
but we should be conscious of our 
limits, and what we say out there 
to patients.”

“For regulators, histology 
may become just one 
more factor that needs to 
be considered”


