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Abstract: Cancers of the gastrointestinal tract have limited available treatments and are often associated

with a poor prognosis. Clinical trials and translational work associated with these trials provide the

opportunity to increase understanding of the mechanisms of sensitivity and resistance to cytotoxic

chemotherapy and targeted therapy in these diseases. In this review we discuss the rationale for intensive

translational work within the context of academic clinical trials and the successes and challenges which have

been associated with translational work at our institution over the past number of years. We reflect on tissue,

plasma and radiological biomarker work including a novel patient derived organoid programme and discuss

the iterative application of previous results to next generation trial design.
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Introduction

Most tumours of the gastrointestinal tract are associated with
a poor prognosis. Whilst patients with metastatic colorectal
cancer (CRC) can live for up to three years when treated with
appropriate sequential chemotherapy and biological agents,
patients with advanced gastroesophageal and pancreatic
cancer can expect to live less than one year when treated
using standard cytotoxic chemotherapy (1-3). Despite the
growing body of knowledge on the molecular aberrations
which underpin these cancers, with the exception of anti-
EGFR therapy in RAS wildtype CRC and trastuzumab in
HER?2 overexpressing gastroesophageal cancer, the biology
of these cancers does not yet inform many treatment
choices (4-6). Clinical trials and associated translational
work on clinical trials provide the opportunity to further
the understanding of aspects of tumour biology which
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affect outcomes following standard chemotherapy as well
as targeted drugs and immunotherapy. In order for this
research to be successful, it must be focused and iterative.
This review aims to summarise the integrative approach to
translational research and clinical trials we have adopted
at the Royal Marsden over the past few years, and seeks to
understand the potential for success and the challenges of
this approach.

Retrospective translational analysis of older
clinical trials (MAGIC, REALS3)

Prior to approaching prospective trial design, rigorous
evaluation and translational assessment of the available
material from older trials from which material has been
already been collected is warranted. The purpose of this
approach is to develop hypotheses for further research in
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prospective studies, and to avoid hypothesis free analysis
of prospectively collected trial tissue. For example, the
Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) trial was a large phase III
randomised trial conducted in the United Kingdom
which compared peri-operative epirubicin, cisplatin and
5-fluourouracil (ECF) chemotherapy before and after
surgery to surgery alone for patients with resectable
gastroesophageal cancer (7). The trial resulted in an
improvement in overall survival for patients treated with
peri-operative chemotherapy (HR 0.75, 95% CI, 0.60 to
0.93; P=0.009); and resulted in the adoption of ECF as a
standard of care for this patient population for a decade
from 2007-2017 (8-10). Although ECF has recently been
replaced as a standard by the non-anthracycline containing
FLOT (5-fluororuacil, leucovorin, oxaliplatin and docetaxel)
the lessons learned from the retrospective analysis of tissue
from the MAGIC trial are transferrable to trial design with
novel chemotherapy combinations and provide proof of
concept for the utility of this approach (11).

Previously, there was significant debate regarding the
prognostic value of pathological assessment of tumour
regression grading (TRG) in gastroesophageal cancer
following peri-operative chemotherapy. Although several
large non-randomised series existed in the literature
suggesting that the presence of pathological tumour
regression was independently associated with survival
following chemotherapy plus surgery, other datasets
conflicted on this point (12-14). Determining the value of
TRG was thought to be important as this was frequently
used as an endpoint in clinical trials, and was considered
likely to be a valid, short term surrogate for overall survival.
However, this could only be definitively shown in a
randomised dataset. Therefore we evaluated whether the
presence of tumour regression using the Mandard grading
system was associated with survival outcomes in the MAGIC
trial (15). Tissue was collected centrally and scanned using
an Aperio scanner at high resolution, and the images were
viewed by two pathologists blinded to the study arms.
Additional material was obtained if the original slides were
inadequate to assess regression grade. We demonstrated
that although significant tumour regression (Mandard grade
1-2) was associated with better survival in chemotherapy
treated patients, that this was not independently prognostic
when evaluated alongside the presence of lymph node
metastases. We went on to show that patients who did
not have lymph node metastases had excellent survival
even in the absence of significant tumour regression.
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These findings were considered important because they
identified that the presence of lymph node metastases and
not tumour regression grade should be the focus of further
research in patients with operable gastroesophageal cancer.
In particular, patients who have positive lymph nodes in
the resection specimen following surgery are identified as
a high-risk group who may warrant further intervention.
Following these findings, the EORTC GI Trials group has
initiated a clinical trial (VESTIGE GITCG-1707) in which
patients who are at high risk of recurrence following peri-
operative chemotherapy plus surgery (R1 resection or node
positive) are randomised to continue with standard of care
chemotherapy or switch to combination immunotherapy
with nivolumab plus ipilimumab. The primary endpoint for
this trial is 1-year disease free survival, as most recurrences
were identified within this timeframe in the MAGIC
dataset. Thus retrospective translational research informed
both a high risk patient group for treatment in a novel
clinical trial and also the endpoint for that trial.

The MAGIC dataset has also been used to demonstrate
the value or not of peri-operative chemotherapy in
biologically defined patient subsets which may, in the
future, inform trial design and clinical care paradigms.
For example, although microsatellite instability as a
result of mismatch repair deficiency had been identified
as a positive prognostic marker in patients with resected
gastroesophageal adenocarcinoma in multiple retrospective
datasets, this did not impact clinical practice (16) In
MAGIC, as expected, it was demonstrated that for patients
treated with surgery alone, the presence of microsatellite
instability was associated with a good prognosis (17).
However, surprisingly, it was also demonstrated that
patients who had mismatch repair deficient cancers did not
appear to benefit from peri-operative chemotherapy, in
contrast to patients with mismatch repair proficient cancers.
These findings were subsequently validated in an analysis
of the Asian CLASSIC trial, in which patients with resected
gastric cancer were randomised to adjuvant chemotherapy
or no further treatment (18,19). As the results from these
retrospective analyses of practice defining trials are filtered
through the oncology community, trials are currently being
designed in which patients with mismatch repair deficient
tumours are not treated with peri-operative chemotherapy
but with immune checkpoint blockade. As mismatch
repair deficient tumours are intrinsically immunogenic,
this may provide superior survival benefit than cytotoxic
chemotherapy alone (20,21).

The previous two examples of the benefits of translational
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research based on the MAGIC trial dataset provide proof of
concept for the value of retrospective translational research
on trial datasets, and how this can inform future trial design
and deliver better outcomes for cancer patients. However,
lessons were learned from the challenges of working with
this dataset. Firstly, relatively limited tumour material was
collected; this did not allow for complete evaluation of the
tumour bed and limited the scope of the TRG systems
which could be used (15). Secondly, tissue was not collected
for all patients on this study, which limited the power of
analyses, in particular in biomarker identified subgroups.
Had tissue been collected prospectively it is likely that
it would have been available from a larger proportion
of the population, and had the tissue requirements been
identified a priori a larger volume of material might have
been collected which could have facilitated a more extensive
translational analysis. These issues were both addressed by
the prospective consent for and collection of material in the
subsequent UK Medical Research Council ST03 study (22).

In patients with metastatic cancer in whom tumour
material is less freely available, informative translational
research is still possible. This can even be useful in the
context of a negative clinical trial. For example, in the
REAL 3 trial patients with treatment naive metastatic or
locally advanced unresectable gastroesophageal cancer were
treated with either epirubicin, oxaliplatin and capecitabine
or the same plus the anti-EGFR monoclonal antibody
panitumumab (23). The trial was stopped early following
an interim analysis which demonstrated inferior survival for
patients treated with EOX-P (HR 1.37, 95% CI, 1.07-1.76;
P=0.013). Despite these negative findings, there have been
several potentially useful clinical findings from this dataset.
As poly (ADP-ribose) polymerase (PARP) inhibitors had
recently been licenced in ovarian cancer, we initially chose
to focus on whether a potentially PARP sensitive population
could be identified in gastroesophageal cancer patients.
In particular, as genomic instability quantified using an
algorithmic approach on a standard NGS panel as an LOH-
high (loss of heterozygosity-high) signature was associated
with a benefit from PARP inhibition in non-BRCA
mutant ovarian cancer, we attempted to identify a similar
population in the REAL3 dataset (24,25). We hypothesised
that such a population would have enhanced sensitivity
to platinum chemotherapy and prolonged survival as a
result. In collaboration with Clovis, the manufacturer of
rucaparib, we analysed diagnostic biopsy material using
the Foundation Medicine One panel (26). Unfortunately,
previous translational projects had exhausted much of the
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material and DNA of sufficient quality and quantity for
LOH analysis was only available for a limited number of
patients from the trial (27). Nonetheless, we identified a
group of patients with high levels of genomic instability
(LOH-high, 14% of the assessed population), who had
longer progression free and overall survival than patients
who were LOH-low HR for overall survival (OS) in
patients who did not undergo surgery 18.3 vs. 10.2 months
(HR 0.43, 95% CI, 0.20-0.92, P=0.02 for LOH-high vs.
low); PFS was 10.5 vs. 7.2 months (HR 0.55, 95% CI,
0.26-1.17 for LOH-high vs. low respectively). Concurrently
with this translational research we set up the PLATFORM
trial (NCT02678182) which evaluates various maintenance
therapies in patients who have demonstrated sensitivity
to first line chemotherapy for advanced gastroesophageal
cancer. One arm of the study will evaluate the efficacy
of rucaparib in this setting and attempt to validate the
predictive value of the LOH biomarker. In this way,
translational research from a negative trial has informed
future development of unrelated compounds.

Prospective translational trial design (FGFR)

Translational research can also inform the development
of prospective translational clinical trials which can
be amended iteratively pending the results which are
observed. In a national Royal Marsden sponsored
clinical trial, we hypothesised that patients with FGFR
amplified cancers would respond to treatment with the
orally available tyrosine kinase inhibitor AZD4547 (28).
Initially, three patient cohorts were screened, each with
a known prevalence of FGFR amplification; these were
breast, gastroesophageal and non-small cell lung cancer.
Initially, patients were screened centrally using a FISH
assay developed by the study funder. The initial iteration
of the trial had a pharmacodynamic endpoint based on dual
biopsies using a phosphoprotein assay, however following
testing dual biopsies of the first cohort of patients it became
apparent that this was not feasible as a primary endpoint and
therefore a more traditional endpoint of objective response
rate was adopted. As the study progressed, due to limited
responses observed in breast and NSCLC FGFR amplified
patients, these cohorts were closed to recruitment. However,
in patients with FGFR2 amplified gastroesophageal
cancers, three excellent responses were observed in the
first nine amplified patients treated (29). Focusing on the
intensive translational programme that was associated with
the trial, we found that only patients with high levels of
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FGFR2 ctDNA in plasma had responded to AZD4547,
thus identifying a novel predictive biomarker (28).
We also demonstrated that within the patient population
of FGFR2 amplified gastroesophageal cancers that
only patients with high level and homogenous FGFR2
amplification were associated with high levels of FGFR2
ctDNA in plasma. Following this analysis, we went on to
develop a screening tool based on FGFR2 ctDNA using
ddPCR which was used nationally to screen for the trial. In
doing so, we were amongst the first groups to screen for a
biomarker using a ctDNA assay. Unfortunately, following
this, recruitment to the study was inadequate and due to a
paucity of further evidence regarding the lack of efficacy
of AZD4547, the study was closed to recruitment. This
is unfortunate, as several groups have now demonstrated
frequencies of FGFR2 amplification in plasma of up to 8%
using NGS technologies in large patient cohorts (30). The
low prevalence of this biomarker may mean that targeting
FGFR amplified patients in future may require international
collaboration.

Biomarkers from radiology (PROSPECT-R)

The concomitant use of translational tools and novel
imaging techniques can lead to innovative research and
novel biomarker discovery. Regorafenib, a multitargeted
anti-angiogenic tyrosine kinase inhibitor, is licenced
in patients with advanced colorectal cancer refractory
to standard chemotherapy (31,32). Treatment with
regorafenib is associated with radiological response rates
of less than 5% and also non-trivial toxicities such as
fatigue, hypertension, gastrointestinal perforation and
palmar plantar erythrodysesthesia. Despite extensive
research, no molecular biomarker exists to predict for
response to regorafenib (33-35). As colorectal xenograft
models suggested that regorafenib leads to decreased
tumour vascularity when quantified by dynamic contrast
enhanced (DCE)-magnetic resonance imaging (MRI),
we established a translational phase II clinical trial using
regorafenib in chemorefractory RAS mutant colorectal
cancer patients with a view to understanding whether
DCE-MRI dynamics could act as a radiological biomarker
to predict outcomes in patients treated with regorafenib
therapy (36,37). In the PROSPECT-R trial all patients
were treated with standard dose of regorafenib, and patients
on the study were mandated to have pretreatment biopsies
(six cores targeted towards the MRI identified index
lesion), another biopsy at 2 months (if response or stable

© Annals of Translational Medicine. All rights reserved.

Smyth et al. Learning from translational clinical trials

disease by RECIST V.1.1 criteria) and at the time of
progression (38). Participants who had metastatic lesions
which were at least 2 cm in diameter and could safely
undergo MRI underwent matched DCE and diffusion
weighted (DW)- MRI at pretreatment and at day 15
on treatment. A significant drop in most DCE MRI
parameters at two weeks supported the anti-angiogenic
effect of regorafenib; in particular we focused on the KEF
measurement [product of (K™") and enhancing fraction
(EF) (summarised median values of K™ x EF)]; which is
a composite endpoint which corrects for therapy induced
tumour volume changes (39). Using a ROC curve analysis,
we defined a KEF drop of >70% as optimal to define
two patient populations with differential responses to
regorafenib (Figure I). Patients with a decrease in KEF
of >70% had improved progression free survival (PFS)
and OS compared to those who did not demonstrate a
similar fall in KEF value (PFS HR 0.16; 95% CI, 0.04
to 0.72, P=0.02, OS HR 0.08; 95% CI, 0.01 to 0.63,
P=0.02). OS at one year was 75% in the >70% KEF
drop group compared with 13.8% in the <70% drop
group respectively. Contemporaneous biopsies allowed
confirmation of the significance of the anti-angiogenic
effect of regorafenib; a lower CD31 score on biopsy at
2 months was associated with superior PFS (HR 0.13; 95%
CI, 0.03 to 0.52, P=0.004) and OS (HR 0.30; 95% CI, 0.08
to 1.06, P=0.06). In contrast, neither changes on DW-MRI
nor tissue-based markers of apoptosis (caspase-3) on repeat
biopsy were associated with disease control rates, PFS, or
OS. Thus, the beneficial effects of regorafenib on overall
survival appear to be driven primarily by angiogenesis.
Finally, in order to evaluate whether liquid biopsy could
be equivalent or superior to DCE MRI in predicting
regorafenib treatment outcomes, we performed serial
analysis of plasma using digital droplet PCR for RAS mutant
clones. Whilst all treated patients demonstrated a reduction
in fractional abundance of RAS mutation on initial
treatment, only a sustained drop following two months of
treatment was predictive of improved survival. This led us
to conclude that KEF decrease at day 15 has a 6-week lead
time advantage over liquid biopsy in predicting regorafenib
treatment outcomes. In order to further validate our
findings and explore the use of KEF derived from DCE-
MRI as a predictive marker, we are now planning a larger,
national phase II trial which will aim to validate KEF as
an early predictor of response or resistance to regorafenib.
This will be a phase II study of mCRC patients who have
progressed on at least two lines of systemic therapy. All
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Figure 1 Decrease in Ktrans following regorafenib in MRI study.

eligible patients will be offered regorafenib treatment and
an optional tumour tissue biopsy will be performed prior to
commencement of regorafenib and again at development of
resistance. Early DCE-MRI along with diffusion weighted
(DW)-MRI imaging at the beginning, and on day 157
post treatment will be performed in all participants. On
day 15 DCE-MRI median KEF will be generated; patients
with 270% drop in KEF will continue with regorafenib
until progressive disease (PD) or intolerance to treatment.
Patients with <70% KEF drop will also continue with
regorafenib until progression. Patients in either group
will be switched to trifluridine-tipiracil and will be treated
until progression, if they had no previous exposure to this
therapy and are deemed clinically suitable for it at the time
of progression on regorafenib. Moreover, candidate markers
of resistance will be identified in tissue biopsies through
genetic and other molecular analysis and parallel collection
of serial blood specimens will facilitate the identification of
resistance markers and the tracking of resistance evolution
in circulating nucleic acids. Disease will be monitored
with serial DECT/CT-CAP every eight weeks, until PD.
This study will be statistically powered to validate KEF as
a biomarker of response to regorafenib therapy and may
potentially take us a step closer to application of precision
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medicine in the field of gastrointestinal cancer medicine.

Patient derived organoid models

Truly personalized medicine must reflect intra- and
interpatient heterogeneity, and standard precision
medicine using next generation sequencing has not yet
delivered improved survival using targeted therapies for
most gastrointestinal cancers. A co-clinical trial paradigm
where patient response to treatment is predicted using
personalized preclinical models is an attractive approach,
however patient derived xenograft models are challenging
to develop, expensive and unlikely to be adopted as clinical
standards of care in the short to medium term. A realistic and
pragmatic alternative to xenograft models are patient derived
organoids, which are cultured from LRG5+ tumour stem
cells propagated as epithelial organoids in vitro to provide
multi-omic information and drug sensitivity testing (40).
The extensive biopsy driven clinical trial portfolio we have
undertaken has provided an opportunity to develop a patient
derived organoid programme which has the potential to
provide co-clinical trials and also predictive models for
standard chemotherapy. As components of this programme
we have developed patient derived organoids (PDOs) from
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Figure 2 High magnification contrast phase image of PDOs (patient
derived organoids) from a liver metastasis of a chemo-refractory
CRC patient. CRC, colorectal cancer.

liver, pelvic, peritoneal and nodal metastases and also from
serial biopsies pre and post-treatment (Figure 2) (41). Using
immunohistochemical markers, we showed that these PDOs
were carried the same markers as the tissue from which they
were derived (e.g., CDX-2, CK7 in colorectal). Underlying
genetic aberrations such as ERBB2 and FGFR2 amplifications
were also preserved. In total, an overlap of 96% between
PDOs and the mutational spectrum of their parental biopsies,
confirming the capability of organoids to act as surrogates
for the primary tumour in drug discovery. Finally, PDOs
have the capacity to capture intratumoural and temporal
heterogeneity when multiple biopsies are performed, and are
stable over multiple growth passages. These data suggest that
co-clinical trials using organoids could be a cost-efficient and
accurate method to determine individual patient sensitivity to
chemo or targeted therapy.

In drug screening assays using PDOs we confirmed
expected sensitivities in molecularly selected PDO models,
for example sensitivity to lapatinib in a ERBB2 amplified
oesophago-gastric PDO and sensitivity to vemurafenib in
a colorectal BRAF mutant PDO. Downstream signalling
pathway analysis confirmed abrogation of MEK/ERK
signalling in these models. We thus demonstrated that
our PDO models can predict for response to molecularly
targeted therapy. In terms of current clinical relevance,
PDO may also be used to predict for response to standard
cytotoxic chemotherapy. In one initially paclitaxel sensitive
patient, serial biopsies of sensitive and subsequently
resistant liver metastases demonstrated 4-fold lower (growth
inhibitory 50) GI;, for paclitaxel in sensitive versus resistant
PDO models. Furthermore, sensitivity of the PDO to
paclitaxel on acquired resistance mirrored that of two PDOs
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acquired from patients who were primarily refractory to
paclitaxel. Similar results were observed for cisplatin/5-
fluorouracil sensitive and resistant models in the first line
setting, emphasizing the applicability of this system over
diverse settings and drug treatments.

In future, development of PDOs in a timely manner
may be helpful in determining specific chemotherapy
and targeted therapy regimens for gastrointestinal cancer
patients. One example of the utility of this model system is
exemplified by colorectal cancer treated with anti-EGFR
inhibitors. In colorectal cancer although RAS mutation
and possibly BRAF mutation predict for lack of cetuximab
efficacy, many patients fail to respond to the anti-EGFR
therapy even in the absence of these findings (5). We
demonstrated in cetuximab refractory PDO models that
markers that would be considered traditional predictors
of response to cetuximab (e.g., EGFR amplification,
high amphiregulin levels) were also found in patients
with cetuximab refractory cancer. Thus in these patients
PDO appeared to better predict outcome than standard
molecular parameters alone. The established PDO
programme also shows capacity to capture intra-patient
heterogeneity in mCRC patients treated with cytotoxic
chemotherapy. TAS-102 is a novel fluoropyrimidine used
to treat chemorefractory CRC (42). In the same patient,
GlIj, from a TAS-102 responsive metastasis was 8-fold
lower than the Gl from a rapidly progressing metastasis,
which also demonstrated high thymidine kinase-1 (TK1)
expression (a putative resistance marker to TAS-102).
Similar findings linking GIs, and TAS-102 sensitivity
in a further three TAS-102 treated patients validated
these findings. In total, for the PDOs that we generated,
sensitivity, specificity, positive predictive and negative
predictive values for predicting response to chemotherapy
or targeted therapy were 100%, 93%, 88% and 100%
respectively. These results strongly support integration of
PDOs into clinical trials and in future, routine clinical care
as predictors of response to treatment which could reduce
needless toxicity and provide and allow for more effective
use of resources.

Challenges of routine genomic assessment
outside clinical trials

Despite these encouraging results, there are some
limitations to the applicability of tumour molecular
profiling in routine clinical practice. In particular,
use of routine next generation sequencing (NGS) in
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Figure 3 Iterative process of translational trial design.

the absence of downstream molecular trials may be
an inefficient use of resources. At the Royal Marsden
hospital, a prospective study, Feasibility of a Molecular
Characterisation Approach to Treatment (FOrMAT)
was established to investigate the feasibility of molecular
profiling to Clinical Pathology Accreditation (CPA)-certified
standards in gastrointestinal malignancies in routine clinical
practice (43). Two hundred and twenty two patients were
recruited between February 2014 and November 2015, most
of whom had metastatic cancer (96.4%). Of the 222 patients,
215 had available tumour material, however only 61.2%
had >1 gene successfully sequenced. As expected, resection
samples were more likely to yield adequate DNA for NGS
compared to biopsy samples (82.4% vs. 47.6%) and high
cellularity and tumour content were also associated with
an increased likelihood of obtaining a successful NGS
result. Considering five genes to be “actionable” (TP53,
KRAS, BRAF, PIK3CA and CDKN2A), 40.5% of sequenced
patients were positive for this finding. However only two
patients (<1%) entered a clinical trial based on the finding
of an “actionable” mutation. These results highlight
the challenges and perhaps futility of providing routine
sequencing for patients with advanced gastrointestinal
cancers outside the context of appropriate downstream
targeted trials. In more than one third of patients
sequencing could not be performed, most commonly due to
lack of available tissue in a biopsy or inadequate DNA yield.
However, as many biopsies were processed after routine
diagnostic use whereby immunohistochemistry panels,
RAS mutation status (CRC) or HER?2 analysis (oesophago
gastric had been performed, this is not surprising. If NGS
were to be used routinely, consideration of the volume of
diagnostic material obtained during work up for a cancer
diagnosis might be reconsidered. Additionally sample
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processing times should be improved, as the median time
from enrollment to obtaining a result was between 14 and
28 weeks depending on the cohort. Although this could be
institution dependent, in view of the urgency of treatment
of patients with metastatic cancers, these metrics would
require significant improvement if this technology were to
be mainstreamed. In clinical trials such as NCI-MATCH,
a 7-day turnaround is reported, whereas intra-institutional
results at MDACC are reported in approximately 26 days
(44,45). Finally, the extremely low proportion of patients
who entered matched clinical trial is lower than previously
observed (3-13%) (45,46). Based on these findings, we
conclude that outside the context of a definitive translational
question or appropriate clinical trials, routine sequencing of
patients with gastrointestinal cancers is an inefficient use of
resources, in particular in a universal healthcare system.

Conclusions

This review aimed to focus on the recent successes and
failures relating to translational research in gastrointestinal
oncology in our institution over the past number of years.
The infrastructure required to deliver these studies is
substantial and requires collaboration between pathologists,
radiologists, basic and translational scientists. In addition
to this there must be clinical trials infrastructure to
support prospective studies (Figure 3). We have also made
significant investment in our biological specimen co-
ordinator team who have standardised protocols for tissue
and plasma sample collection across separate protocols.
Collaboration with the pharmaceutical industry has also
been important in driving both translational research and
how this informs future trial design. The limitations of
processing routine diagnostic samples are readily apparent
in terms of the residual volume of tumour available and
also the quality of this following routine formalin fixation
and paraffin embedding. This can in part be overcome
through growth in patient derived organoids, however
this is not a widely available or a pragmatic choice
currently. Our current research goals relate primarily to
intensive translational assessment of patients in clinical
trials, as molecular characterisation of patients in clinical
practice has been demonstrated to be unfulfilling. The
next generation of clinical trials will evaluate the interface
between targeted therapy and the immune system. This
is particularly important in view of the relatively low
response rates which are observed with immune-oncology
drugs in gastrointestinal cancers (approximately 12% for
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gastroesophageal cancer PD-1 inhibition and negligible in
colon cancer) (47,48). For example, in a trial in development
assessing the value of addition of HDAC inhibitor to the
anti-PD-L1 inhibitor in gastroesophageal and colorectal
cancer (EMERGE), we will perform pre-treatment, post
4SC-202/pre-avelumab biopsies and a third whilst patients
are on combination therapy. Liquid biopsies will also form
an important component of these serial assessments. The
aim of such intensive biopsy programmes is to identify
biomarkers associated with treatment response at an early
stage of combination drug development to provide more
refined cohorts for later trials. As such the translational
component of the study should be developed concurrently
with the clinical question posed by the trial. This structural
design will allow the best use of resources and is the
most efficient way to expedite patient benefit from drug
development.
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