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Background: Metastatic colorectal cancer (mCRC) patients tend to have modest benefits from molecularly driven
therapeutics. Patient-derived tumor organoids (PDTOs) represent an unmatched model to elucidate tumor resistance
to therapy, due to their high capacity to resemble tumor characteristics.
Materials and methods: We used viable tumor tissue from two cohorts of patients with mCRC, naïve or refractory to
treatment, respectively, for generating PDTOs. The derived models were subjected to a 6-day drug screening assay
(DSA) with a comprehensive pipeline of chemotherapy and targeted drugs against almost all the actionable mCRC
molecular drivers. For the second cohort DSA data were matched with those from PDTO genotyping.
Results: A total of 40 PDTOs included in the two cohorts were derived from mCRC primary tumors or metastases. The
first cohort included 31 PDTOs derived from patients treated in front line. For this cohort, DSA results were matched
with patient responses. Moreover, RAS/BRAF mutational status was matched with DSA cetuximab response. Ten out of
12 (83.3%) RAS wild-type PDTOs responded to cetuximab, while all the mutant PDTOs, 8 out of 8 (100%), were
resistant. For the second cohort (chemorefractory patients), we used part of tumor tissue for genotyping. Four out
of nine DSA/genotyping data resulted applicable in the clinic. Two RAS-mutant mCRC patients have been treated
with FOLFOXebevacizumab and mitomycinecapecitabine in third line, respectively, based on DSA results, obtaining
disease control. One patient was treated with nivolumabesecond mitochondrial-derived activator of caspases
mimetic (phase I trial) due to high tumor mutational burden at genotyping, experiencing stable disease. In one
case, the presence of BRCA2 mutation correlated with DSA sensitivity to olaparib; however, the patient could not
receive the therapy.
Conclusions: Using CRC as a model, we have designed and validated a clinically applicable methodology to potentially
inform clinical decisions with functional data. Undoubtedly, further larger analyses are needed to improve methodology
success rates and propose suitable treatment strategies for mCRC patients.
Key words: colorectal cancer, PDTO, resistance, 3D, personalized medicine
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INTRODUCTION

The incorporation of complex genomic platforms and
circulating tumor DNA (ctDNA) determinations has
permitted a more comprehensive biomarker identification
and molecular follow-up, which in turn has supported the
progressive incorporation of targeted drugs to metastatic
colorectal cancer (mCRC) patient treatment pathways.1
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Furthermore, gained insights on the complex heterogeneity
of cancer are leading to a shift from ‘one drug for every
patient’ concept to an individualized patient care, which
pursues applying individual therapeutic decisions based on
tumor genomic, transcriptomic and immune integrative
analysis for every single patient.2 However, despite all these
circumstances, mCRC clinical outcomes remain stuck due to
the existence of mechanisms of resistance that impair
effectiveness of treatment.1

Significant efforts have been made to understand and
identify the particular CRC molecular features that lead the
disease to resist therapy.3 However, the lack of suitable
translational patient-derived tumor models is limiting the
progresses achieved. In this regard, two main tumor models
have been extensively used for translational studies so far:
patient-derived xenografts (PDXs) and immortalized cancer
cell lines. PDXs represent established in vivo mouse models
that recapitulate tumor heterogeneity and vascularization
and consequently they have been explored for patient
treatment guidance. In this model, tumor implantation re-
quires a long time, which could lead to delayed clinical
decisions, mostly in patients with refractory mCRC who
cannot wait long to receive subsequent therapies.4 More-
over, PDXs are expensive and have a low throughput.5 On
the other hand, two-dimensional immortalized cell lines
have been largely used due to their low cost, simplistic
manipulation, infinite growth potential and the possibility
of obtaining results in a short time period; however, they
fail in recapitulating several tumor features like epithelial
polarity or tumorematrix interaction, impairing their utility
to generate informed therapeutic decisions.6

Patient-derived tumor organoids (PDTOs) have been used
as a research model in several types of cancer due to their
capacity to resemble three-dimensional (3D) tumor char-
acteristics and their ability to recapitulate tumor clinical
outcomes and predict drug sensitivity in a timely fashion.7,8

Thus, these models may have the potential to provide in-
formation for functionally informed therapeutic decisions of
the subsequent treatment lines in a short time frame,
thereby improving PDX and cancer primary cell-line per-
formances. In the present work, we present a translational
effort to integrate tumor genomics with functional data
coming from drug screening assays (DSAs) carried out in
mCRC PDTOs, aiming to provide applicable information to
guide patient management.
MATERIALS AND METHODS

We have set up a methodology for generating and storing
PDTOs from two cohorts of patients with mCRC at the
Department of Precision Medicine of Università della
Campania Luigi Vanvitelli, Naples and at the Vall d’Hebron
Institute of Oncology (VHIO) Colorectal Cancer Translational
Laboratories, Barcelona, respectively. All human samples
and biopsies were collected after obtaining a written
informed consent from any patient, in accordance with the
Declaration of Helsinki. The use of these samples for
2 https://doi.org/10.1016/j.esmoop.2023.101198
research purposes was approved by local ethical commit-
tees of both institutions.

Generation of PDTO models

Tumor samples were obtained from surgical specimens or
biopsies (Figure 1A). Once collected, tumor tissue was
transferred into sterile phosphate-buffered saline and pro-
cessed within 24 h to avoid any type of contamination and
guarantee tissue availability. After a 1600 rpm/286 g
centrifugation, pellets were collected and transferred to a
plate with a sterile scalpel, then transferred into a tube with
medium enriched with antibiotics, DNAse and collagenase
for tissue dissociation and then incubated for 15’ min at
37�C, resuspended and filtered through a 100-mm cell
strainer. The resultant cells were cultured in low-attachment
wells with medium enriched with specific growth factors
and antibiotics to generate PDTOs (Supplementary
Materials and Methods, available at https://doi.org/10.
1016/j.esmoop.2023.101198). After 3-5 days, clumps were
dissociated in TrypLE (Gibco, #12604-013, Grand Island, NY)
for 5-10 min, counted and cultured in Matrigel (Matrigel
Corning, AZ) to preserve 3D as previously described
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2023.101198).9 Part of all PDTOs was fresh
frozen and stored to build a comprehensive living organoid
bank to sustain further investigational projects.

Design of drug screening assay

At first, we streamlined the methodology to carry out DSAs
using the smallest number of cells to achieve statistically
significant results. Initially, to avoid wasting patient tumor
samples, we used core needle biopsies from PDX tumor
models to calculate the feasibility of the procedure toward
obtaining enough tumor viable cells to test our PDTO-
deriving methodology and to estimate implantation rates.
We estimated a go/no-go threshold of 50% implantation
rate to start applying our protocol to patient samples. Once
the correct methodology and number of cells to be used
were established, we started to apply our mCRC PDTO-
generating protocol to patient-derived samples.

For PDTO DSAs, after 3-5 days following organoid gener-
ation, clumps were trypsinized with TrypLE and single cells
were counted in the presence of trypan blue, using a glass
hemocytometer (average cell count from each of the sets of
16 corner squares multiplied by 104). Five hundred cells/well
were seeded in 96 multi-wells in 100 ml of medium plus 5%
Matrigel, to be exposed to the drug sensitivity screening
panel (Supplementary Figure S1, available at https://doi.org/
10.1016/j.esmoop.2023.101198). We chose 500 cells per
well as the minimum cell number that provided statistically
significant results in our first PDX drug screening (data not
shown). Cells were cultured for 6 days in medium added with
chemotherapy and target drugs (Figure 1C and D). Different
concentrations of cells were used per well. To conform the
panel of drugs, we considered the approved chemotherapy
and targeted drugs in mCRC and, as regards the second
cohort of the study, we added a subset of drugs investigated
Volume 8 - Issue 3 - 2023
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Figure 1. Establishment of PDTOs to recapitulate clinical outcome and provide therapeutic decisions in mCRC. (A) Project overview. (B) Cohort 1 and 2 PDTO
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in phase I trials conducted in VHIO phase I facility at the
time of the project in order to use the intended methodol-
ogy to inform patient clinical trial recommendation
(Figure 1C and D). Experiments were carried out in
quadruplicate with drug concentrations based on previous
in vitro studies of 3D PDTOs.10-13

Cell viability was measured at day 0 and day 6. In
the first cohort, cell viability was measured with MTS [3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium] assay, while, in the sec-
ond cohort, the CellTiter-Glo® Luminescent Cell Viability
Assay (CellTiter Glo, Promega, Madison, WI) was used.14

The MTS assay protocol is based on the reduction of the
MTS tetrazolium compound by viable mammalian cells (and
cells from other species) to generate a colored formazan
dye that is soluble in cell culture media. The formazan dye is
quantified by measuring the absorbance at 490-500 nm.

Briefly, cells (500/well) were seeded in a 96-well micro-
titer plate in a final volume of 100 ml/well and they were
treated with anticancer drugs for 6 days. Then, 20 ml/well of
MTS reagent was added into each well and incubated for
0.5-4 h at 37�C in standard culture conditions. Finally, the
absorbance of treated and untreated cells was measured
using a plate reader at absorbance ¼ 490 nm.

The CellTiter-Glo® Luminescent Cell Viability Assay mea-
sures the number of viable cells based on the ATP quanti-
tation, an indicator of metabolically active cells. Briefly,
after 6 days of treatment, cells were transferred to a
transparent 96 multiwell and 100 ml/well of CellTiter-Glo®
reagent was added. After 10 min luminescence was
measured with the Infinite 200 PRO microplate reader
(Tecan Life Sciences, Switzerland).
PDTO molecular analysis

For the second cohort of PDTOs, the results obtained from
the drug screening panel were matched with the informa-
tion from the organoid genotyping to define the exact
mechanisms of drug-acquired resistance. Particularly, an
amplicon capture-based sequencing panel (VHIO-300) of
431 pan-cancer-related genes was used and, in addition, a
NanoString® (Seattle, WA) panel looking for fusions and
copy number variations was also used to capture the mo-
lecular portrait of the sample (Supplementary Table 1,
Supplementary Materials and Methods, available at https://
doi.org/10.1016/j.esmoop.2023.101198). The results of the
genetic and drug screenings were integrated in order to
inform the next most suitable treatment line.

RESULTS

From June 2018 to November 2021, 40 patients were
included in the two cohorts of the project, 31 patients in
cohort 1 and 9 patients in cohort 2 (Figure 1A and B).

Initially, we pursued to assess the ability of the models
generated under our methodology to recapitulate in vitro
patient tumor outcomes seen in the clinic. To this end we
included a total of 31 PDTOs derived from treatment-naïve
patients or after progression to front line in cohort 1. For
4 https://doi.org/10.1016/j.esmoop.2023.101198
this cohort, the establishment rate of PDTOs was w80%
(26/31). DSAs were carried out with drugs that are
described in Figure 1C. We carried out MTS viability assays
to measure drug activity of the abovementioned drugs.

Firstly, we wanted to investigate whether PDTOs derived
from metastases could better recapitulate tumor charac-
teristics compared with PDTOs generated from primary
tumors. We were able to compare directly the two PDTOs
derived from primary tumor and liver metastasis of a pa-
tient with synchronic disease (CR02). Interestingly, DSAs of
primary tumor PDTO showed no statistically significant
reduction after treatment of cell viability in DSA, while for
liver metastasis PDTO a statistical result was achieved
(Figure 2A). Particularly, cells were significantly sensitive to
5-fluorouracil (5-FU), irinotecan and cetuximab, with a cell
viability reduction of 40% compared with untreated cells
but resulted completely resistant to the combination of
cetuximab plus encorafenib, trastuzumab lapatinib and 5-FU
plus oxaliplatin. Furthermore, we compared the DSA results
with the information coming from the molecular tissue
analysis. The patient had an RAS, BRAF, HER2 wild-type (WT)
tumor.

As a further analysis, we split patients into two subgroups
according to their treatment naïve or pretreated status. Ten
out of 31 PDTOs were derived from patients who were
naïve to treatment and underwent surgery of liver metas-
tasis (Table 1 and Figure 1B). Taking into consideration that
this subset of PDTOs was derived from patients who did not
receive any treatment for mCRC, we carried out a DSA with
main approved chemotherapies used in first-line clinical
setting and principal targeted agents for mCRC according to
patients’ molecular characteristics (RAS, BRAF, HER2 muta-
tional status) (i.e. 5-FU, irinotecan, oxaliplatin, cetuximab,
cetuximab plus encorafenib, trastuzumab plus lapatinib,
regorafenib) (Figure 1C). DSA showed statistically significant
results in terms of cell viability reduction in five PDTOs
(CR02, CR03, CR16, CR19, CR25), with different rates of
response to different drugs, reflecting in some way an
interpatient molecular heterogeneity that is responsible in
the clinics of different response rates to chemotherapy plus
target agents in the metastatic setting (Figure 2B).

We complemented the cohort with patients with CRC
liver metastases, already treated in first-line setting for
mCRC, who obtained a partial response and underwent liver
resection, with the aim of demonstrating the predictive
value of PDTOs by a direct comparison of the effectiveness
of treatment in the clinics with DSA cell viability. We
believed this analysis was important to assess the possible
impact of the growth factors used to derive the organoids
on the drug sensitivity profiles of primary patient tumor
cells. DSAs for CR04, CR06, CR09, CR11, CR12, CR14, CR15,
CR17, CR18, CR20, CR21, CR22, CR23, CR24, CR26, CR27,
CR28, CR29, CR30 and CR31 PDTOs were carried out with a
large panel of drugs (Figure 1C). The RAS, BRAF, microsat-
ellite instable status was available for all the patients. All
the patients had a microsatellite stable status. Twelve pa-
tients had a RAS, BRAF WT mCRC while eight patients had
an RAS-mutant tumor. Patients with RAS/BRAF WT tumor
Volume 8 - Issue 3 - 2023
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(PDTOs: CR04, CR06, CR09, CR11, CR12, CR17, CR18, CR20,
CR21, CR28, CR30 and CR31) received as first-line regimen:
chemotherapy alone, chemotherapy plus anti-epidermal
Volume 8 - Issue 3 - 2023
growth factor receptor (EGFR) and chemotherapy plus
anti-vascular endothelial growth factor (VEGF) (Table 1).
Patients with RAS/BRAF-mutant tumor (PDTOs: CR14, CR15,
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Table 1. First cohort PDTOs

PDTO
ID

Primary tumor
or liver met

RAS
mutational
status

Treatment received
before surgery

CR01 Primary tumor Mutant FOLFOX plus
bevacizumab

CR02 Primary tumor/liver
metastasis

Wild type No treatment

CR03 Liver metastasis Mutant No treatment
CR04 Liver metastasis Wild type FOLFOX
CR05 Primary tumor Unknown No treatment
CR06 Liver metastasis Wild type FOLFOX plus

panitumumab
CR07 Liver metastasis Wild type No treatment
CR08 Primary tumor Wild type No treatment
CR09 Liver metastasis Wild type FOLFOX plus cetuximab
CR10 Liver metastasis Unknown No treatment
CR11 Liver metastasis Wild type FOLFOX plus cetuximab
CR12 Liver metastasis Wild type FOLFIRI plus

panitumumab
CR13 Liver metastasis Mutant No treatment
CR14 Liver metastasis Mutant FOLFOX
CR15 Liver metastasis Mutant FOLFOX plus

bevacizumab
CR16 Primary tumor Unknown No treatment
CR17 Liver metastasis Wild type FOLFOX
CR18 Liver metastasis Wild type FOLFIRI plus cetuximab
CR19 Liver metastasis Wild type No treatment
CR20 Liver metastasis Wild type FOLFOX plus

bevacizumab
CR21 Liver metastasis Wild type FOLFIRI plus

panitumumab
CR22 Liver metastasis Mutant XELOX plus bevacizumab
CR23 Liver metastasis Mutant FOLFOXIRI plus

bevacizumab
CR24 Liver metastasis Mutant FOLFOX
CR25 Liver metastasis Wild type No treatment
CR26 Liver metastasis Mutant FOLFOX plus

bevacizumab
CR27 Liver metastasis Mutant XELOX plus bevacizumab
CR28 Liver metastasis Wild type FOLFIRI plus

panitumumab
CR29 Liver metastasis Mutant FOLFOX plus

bevacizumab
CR30 Liver metastasis Wild type Adjuvant XELOX
CR31 Liver metastasis Wild type FOLFIRI plus

panitumumab

FOLFOX, 5-fluorouracil plus oxaliplatin; FOLFIRI, 5-fluorouracil plus irinotecan; FOL-
FOXIRI, 5-fluorouracilplus oxaliplatin plus irinotecan; PDTO, patient-derived tumor
organoid.

ESMO Open G. Martini et al.
CR22, CR23, CR24, CR26, CR27, CR29) received chemo-
therapy alone or chemotherapy plus anti-VEGF. All the
Table 2. Second cohort PDTOs

PDTO ID Primary tumor or
liver metastasis

RAS mutational
status

Genomic profile

CR32 Liver metastasis Mutant Not carried out
CR33 Primary tumor Mutant KRAS EXON 2 G1
CR34 Liver metastasis Mutant Not carried out
CR35 Liver metastasis Wild type APC, ARID1B exon

mTOR, BRCA1, CH
CR36 Liver metastasis Not carried out
CR37 Node metastasis Wild type APC, ATRX, HGF,
CR38 Liver metastasis Mutant APC, ARIDB1, KRA
CR39 Liver metastasis Wild type APC, TP53
CR40 Liver metastasis Mutant Not carried out

5-FU, 5-fluorouracil; DSA, drug screening assay; NA, not available; NGS, next-generation sequ
activator of caspases.

6 https://doi.org/10.1016/j.esmoop.2023.101198
PDTOs derived from patients who were treated with anti-
EGFR, achieving a partial response, presented response to
anti-EGFR at DSA level too. Of note, while none of the
PDTOs derived from patients with RAS/BRAF-mutant tumor
showed response to cetuximab treatment in the DSA, 10
out of 12 RAS/BRAF WT PDTOs showed a significant
reduction of cell viability at the DSA assay with cetuximab
(Fisher’s exact test: P ¼ 0.001) (Figure 2C). These data
confirm previous findings of concordance between treat-
ment activity in patients and in PDTO models, demon-
strating how PDTOs maintain tumor molecular
characteristics and could therefore represent a useful model
to predict response to treatment. We also investigated the
correlation between clinical and DSA response to the
combination of chemotherapies used in first-line treatment,
alone or in combination with anti-EGFR or anti-VEGF
monoclonal antibodies (Supplementary Figure S2, avail-
able at https://doi.org/10.1016/j.esmoop.2023.101198).

Once a direct correlation of drug sensitivity between pa-
tients’ treatment and PDTO DSA was established, we specu-
lated if PDTOs could produce clear data to guide novel
strategies in the case of patientswith chemorefractorymCRC,
which we speculated may be the main applicability of our
approach. To this end, we recruited in the second cohort of
our study patients with refractory mCRC who had received at
least two lines of treatment. A total of nine PDTOs were
generated. Seven out of nine PDTOs were derived from liver
metastasis biopsies, one out of nine from a lateral cervical
lymph node biopsy and one out of nine from a rectal local
recurrence biopsy (Table 2 and Figure 1B). DSAs with drugs
shown in Figure 1D were conducted for all the nine PDTOs.
The PDTO establishment rate of this cohort wasw60% (5/9).
For five out of nine patients an additional biopsy core was
used for the genotyping. In four cases, DSA/next-generation
sequencing (NGS) data resulted applicable in the clinic.
Particularly, two patients with RAS-mutant refractory mCRC
were treated with FOLFOXebevacizumab ‘rechallenge’ and
with mitomycinecapecitabine in third line, respectively,
based on DSA results, obtaining a stabilization of disease (SD)
lasting 6 and 5months (Figure 3). One patientwas treated in a
phase I trial with nivolumab plus second mitochondrial-
derived activator of caspases mimetic due to the presence of
high tumor mutational burden at NGS, experiencing SD for 6
(VHIO panel 300) DSA/NGS result-based
treatment decision

NA
3D, AMER1, PMS1, SOX9 Mitomycin C plus 5-FU

NA
16 AND ARID1B exon 20, TP53, EGFR,
D4, IRF2, TAF1, PI3KC2G, DICER1

Nivolumab þ SMAC mimetic
(phase I trial)
NA

BRCA2, NOTCH3, ROS1, TP53 Olaparib off label
S EXON 2 G12V, TP53 FOLFOX plus bevacizumab

NA
NA

encing; PDTO, patient-derived tumor organoid; SMAC, second mitochondrial-derived
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CR38

Tumor genomic profile
Patient
CR33

KRAS EXON 2 G13D, AMER1,
PMS1, SOX9

Tumor genomic profile
Patient
CR37

APC, PAK1, BRCA2, TP53,
NOTCH3, ATRX

Tumor genomic profile
Patient
CR38

APC, ARIDB1, KRAS EXON 2
G12V, TP53

Figure 3. Correlation of drug screening luminescence assay and tumor genomic profile of PDTO CR33, CR37 and CR38.
5-FU, 5-fluorouracil; PDTO, patient-derived tumor organoid.
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months; unfortunately, we could not predict this outcome in
the DSA since the recapitulation of the immune microenvi-
ronment was out of reach for our methodology. For one pa-
tient the presence of a tumor BRCA2 mutation correlated
with DSA sensitivity to olaparib in the PDTO model (Table 2
and Figure 3). Since olaparib was not available as a
Volume 8 - Issue 3 - 2023
therapeutic option for the patient, we decided to begin a
third-line treatment withmitomycin C plus 5-FU combination
based on themutagenicmechanismof action ofmitomycin C.
The patient achieved a remarkable disease control of 7
months with SD as best response. Unfortunately, after pro-
gression of disease, the patient’s clinical conditionsworsened
https://doi.org/10.1016/j.esmoop.2023.101198 7
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and treatment with an off-label use of olaparib was not
possible.

DISCUSSION

Clinical outcomes of chemorefractory mCRC are poor due to
the fast development of therapy resistance. Organoids have
been investigated due to their capacity to form mini-organs
that could recapitulate the tissue of origin. A large body of
literature has been dedicated to the use of these experi-
mental models to better study several diseases, including
solid tumors.7,15,16 PDTOs derived from a biopsy or a
resected tissue and cultured in vitro represent an un-
matched model to better assess drug response and its
predictive therapeutic potential represents an innovative
manner to guide personalized treatment in cancer.9 We
succeeded to establish a fast patient-oriented ‘from bedside
to bench and back to the bedside’ methodology that uses
PDTOs to inform functional data-based treatment decisions
on a patient-by-patient basis. We followed a step-by-step
approach aimed at maximizing the reliability of the results
and feasibility of the whole working flow by optimizing
tumor biopsy and PDTO derivation protocols using PDX
samples. Moreover, we were able to obtain the drug
screening results in a patient-affordable timely fashion. In
fact, between patient biopsy and analysis of data only 3
weeks intercurred, a very short period if we consider that
the generation of PDX models that could give specific mo-
lecular information needs at least 3 months. This particu-
larly relevant since chemorefractory mCRC conform a heavy
pretreated population carrying relatively high tumor bur-
dens, and therefore long decision-making windows have the
risk of facilitating patient deterioration. Finally, we designed
an affordable fit-for-purpose mCRC drug sensitivity panel
streamlined in order to be able to run with the number of
cells that can be obtained from a patient biopsy.

While other studies have used a similar methodology to
carry out PDTOs,17-19 the innovative aspect of our project is
the potential clinical applicability of the whole methodol-
ogy. We developed a screening assay composed of a large
panel of drugs concomitantly used in the clinics and
investigated in ongoing clinical trials that harbored the
potential to guide patient treatment decisions on a real
basis. Moreover, when NGS analysis was feasible, matched
information between drug screening and molecular profile
was able to provide more specific results. We investigated
the applicability of the methodology at first on PDTOs
derived from patients with mCRC naïve for treatment in the
metastatic setting, and then we focused our experiment on
patients with liver metastases who received a first-line
treatment and then, after obtaining a partial response,
underwent surgery. For these patients, we correlated the
response obtained in the clinics with DSA results (Figure 2C
and Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2023.101198). The discrepancy
observed between primary tumor and CRC metastasis DSAs
could reflect the biological and molecular intrapatient
spatial heterogeneity between primary tumor and distant
8 https://doi.org/10.1016/j.esmoop.2023.101198
metastases due to variations in stroma, local tumor cells
and microenvironmental factors, as previously reported by
different studies.20

Then, we wanted to apply this methodology to those
patients affected by refractory mCRC who received at least
two treatment lines in the metastatic setting but developed
resistance. The DSA results obtained in cohort 1 were
reproducible also in cohort 2, even if experiments were
carried out in a different laboratory with diverse readout
assays for DSAs. Also, in this validation cohort, we were able
to match the pharmacological information obtained from
DSA with the genotyping of patients’ tissue, to provide
more specific information to patients.

However, our study retains some limitations to be consid-
ered: (i) the modest number of PDTOs collected in the study
and the low derivation rate in cohort 2 of our study (60%).We
believe this canbe in relation to theheavypretreated nature of
the cohort and the use of tumor biopsies for tissue collection.
In contrast, the success rate for cohort 1, when patients were
less pretreated and surgical specimens were used, was slightly
higher (80%). Unfortunately, in the metastatic setting, few
patients can undergo surgery and tissuebiopsies represent the
unique possibility to generate PDTOmodels. (ii) The existence
of intratumor heterogeneity, which could impair the drug
screening results’ applicability. Away to diminish the impact of
tumor heterogeneity, at least in relation to tumor genotyping,
can be by the incorporation of ctDNA to the tumor genomic
screening in our workflow.

In conclusion, even with all the technical limitations, our
study demonstrated that PDTOs are easily applicable
models to quickly obtain significant data on drug sensitivity
and could be a way to maximize clinical outcomes in the
refractory setting of selected CRC patients. When integrated
with genotyping findings, functional data coming from
PDTOs have the potential to elucidate the concrete patterns
of drug sensitivity in any single patient and shift CRC
treatment to a more integrative vision that involves pre-
clinical and translational studies, to finally achieve a better
personalized treatment.
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