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Abstract

Purpose To evaluate the in vitro drug sensitivity of patient-derived cancer organoids (PDCOs) established from residual
samples from saline flushes (RSSF) collected during routine endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) in patients with pancreatic cancer.

Methods Organoids were cultured under mutation-selective conditions. ICs, values for 5-fluorouracil (5-FU), SN-38, oxali-
platin, gemcitabine, and paclitaxel were calculated.

Results PDCOs showed variable responses to the drugs. Exploratory quantitative analysis using ordinal sensitivity scoring
and ROC curves (Area under the curve [AUC] up to 0.917) indicated that lower in vitro ICsg scores tended to associate with
clinical responders (PR/uPR) compared with non-responders (progressive or stable disease [PD/SD]).

Conclusions This study demonstrated the feasibility and potential usefulness of in vitro drug sensitivity profiling of pan-
creatic cancer using RSSF-derived PDCOs. These findings represent the first step toward clinical application, and further
validation in larger cohorts is warranted.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is an aggres-
sive cancer with a 5-year survival rate of less than 10%
[1]. Patient-derived cancer organoids (PDCOs) replicate
tumor characteristics and can be used to predict therapeutic
responses [2]. Previous PDCO studies have primarily used
surgical or biopsy specimens to establish drug sensitivity
thresholds and correlate them with clinical outcomes. How-
ever, comparable analyses using PDCOs derived from resid-
ual saline flush samples (RSSF) collected during routine
endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) have not yet been reported. We previously reported a
method for generating PDCOs from residual samples from
saline flushes during endoscopic ultrasound-guided fine-
needle aspiration without additional invasive procedures and
achieved an 80% success rate [3]. The present study expands
the number of cases and applied genomic and quantitative
analyses to explore whether the drug sensitivity profiles of
RSSF-derived PDCOs reflected patients’ clinical outcomes.
Here, we examined whether the results of in vitro drug sen-
sitivity tests using these PDCOs were associated with the
clinical outcomes of patients with or without chemotherapy.

Methods
PDCOs and enrolled patients

This study included patients whose PDCOs were success-
fully established: four from our previous report (3) and three
newly enrolled cases; however, one case from the previous
cohort was excluded owing to the lack of clinical follow-up
data. All PDCOs were established from the RSSF collected
before initiating systemic chemotherapy. Informed consent
was obtained from all the participants. The clinical histories
and treatment timelines of all nine patients, including those
excluded from the statistical analysis, are summarized in
Supplementary Table S1. This study was approved by the
Ethics Committee of Osaka International Cancer Institute
(approval no. OICI 18118).

Establishment and in vivo transplantation of PDCOs

PDCOs were established from RSSF collected during rou-
tine EUS-FNA and cultured in Matrigel using mutation-
selective media for KRAS, SMADA4, or TP53, as previously
described [3]. The descriptor following each patient ID in
Fig. 2 (e.g., “P1-KRAS”) denotes the driver mutation used
for the mutation-selective medium when establishing the
PDCO. Seven PDCOs were successfully generated from

nine patients (77.8%), while two were discarded because of
bacterial contamination after the initial organoid formation.
P2-derived PDCOs were transplanted subcutaneously into
NOD.Cg-Prkdc*“/] (NOD/SCID) mice (Jackson Labora-
tory) and the tumors were excised, dissociated, and re-cul-
tured to assess the stability of the mutation profiles.

Gene mutation analysis of PDCOs

Genomic DNA was extracted using the QIAamp DNA Mini
Kit (Qiagen, Hilden, Germany) following the manufacturer’s
protocol. Mutational analysis was performed using TruSight
Oncology 500 (TSOS500, Illumina), which detects single-
nucleotide variants (SN'Vs), indels, and structural variants
across 523 cancer-related genes [4].

In vitro drug sensitivity tests using PDCOs

The organoids were dissociated into single cells and seeded
at 1000 cells/well in 96-well plates. After 3 days, 5-fluoro-
uracil (5-FU), SN-38, oxaliplatin, gemcitabine, and pacli-
taxel were added at the indicated doses and incubated for
72 h [5]. Cell viability was measured using the RealTime-
Glo™ MT Cell Viability Assay (Promega, Madison, USA).
The ICs, values were calculated using GraphPad Prism ver-
sion 8.4.3. Drug sensitivity was interpreted by comparing
individual ICs, values with the median ICs, of the entire
cohort.

Statistical analysis

Of the seven patients from whom PDCOs were successfully
established (ten lines in total), clinical follow-up was avail-
able for six (Tables 1, 2). For the quantitative correlation
analysis, patients P2 (postoperative adjuvant chemotherapy)
and P5 (second-line TS1 regimen; recurrent disease) were
excluded, leaving five patients for analysis (Table S1).
Based on Table 2, the drugs administered to each patient
were identified, and the organoid-level ICs, values were
converted into ordinal sensitivity scores (high=2, equiva-
lent=1, low =0; Table S1). For each patient, scores were
integrated under three assumptions (Min, Mean, and Max)
to represent the most sensitive, average, and most resistant
clones, respectively. Associations between integrated scores
and clinical responses (PR/uPR =1, progressive or stable
disease [PD/SD] =0) were evaluated using the Mann—Whit-
ney U test and receiver operating characteristics/area under
the curve (ROC/AUC) analysis. A one-sided alternative was
pre-specified a priori based on the hypothesis that respond-
ers would show lower ordinal scores than non-responders.
As the sample size was very small and model instability
(e.g., quasi-complete separation) was a concern, logistic
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Table 1 In vitro drug sensitivity Table 1 In vitro drug sensitivity of PDCOs

of PDCOs
IC50 profile (uM)
Patient No.  Organoids
5-FU SN-38° oxaliplatin gemcitabine paclitaxel
P1 KRAS mut. 63.66 0.01 21.40 0.04 3M
P2 KRAS mut. 34.51 0.71 3437 1.06 1.85
SMAD4 mut. 23.36 0.31 23.00 1.19 1.77
1st
P5 KRAS mut. 4.61 0.004 4.20 0.03 0.01
2nd
o5 KRAS mut. ND 0.25 938.34 273 0.07
SMAD4 mut. 55.19 0.34 20.75 32.83 1.20
KRAS mut. 14.83 0.02 17.57 0.04 0.003
P8
SMAD4 mut. 26.12 0.14 27.81 1.13 0.43
P9 KRAS mut. ND 0.14 33.65 1.34 0.08

4SN-38: Active metabolite of irinotecan

Table 2 Comparison between in vitro ICy,-based drug response of PDCOs and clinical treatment outcomes

Table 2 Comparison between in vitro IC50-based drug response of PDCOs and clinical treatment outcomes

Drug response classification ®
SN-38

PatientNo. O

Clinical treatment drug Clinical response

5FU

P1 KRAS mut. H L L L H T81 (5FU) PD
KRAS mut. H H H L H

P22 gemcitabine / nab-paclitaxel PD
SMAD4 mut. L H E H H

1st gemcitabine / nab-paclitaxel uPR
P5 KRAS mut. L L L L L

2nd TS$1 (5-FU) PD
KRAS mut. ND ¢ H H H L

P72 gemicitabine / nab-paclitaxel PR
SMAD4 mut. H H L H H
KRAS mut. L L L L L

Pg? FOLFIRINOX ¢ PR
SMAD4 mut. E E H E E

P9 KRAS mut. ND E H H L gemicitabine / nab-paclitaxel sD

Two PDCO lines were established from patients P2, P7, and P8

"Drug sensitivity: Based on ICs, relative to the median ICs, of the nine PDCO lines tested. H=high ICs, (low sensitivity), L=1low ICs, (high
sensitivity), E=ICy, near the median (intermediate sensitivity)

°ND: Not detectable
JFOLFIRINOX: Combination of 5-FU, leucovorin, irinotecan (SN-38), and oxaliplatin

regression was not interpreted. The statistical results are
summarized in Supplementary Table S2.

Clinical assessment of patients with PDAC

Tumor responses were evaluated based on radiographic
tumor size using RECIST v1.1 criteria.

Results

The PDCOs analyzed were maintained in mutation-selec-
tive medium for > 5 passages (median 44—112 days, cor-
responding to the time required for five passages among

ten PDCO lines established from seven patients), during
which no motile or macrophage-like cells were observed

@ Springer

during routine microscopic inspection, supporting that the
cultures consisted predominantly of epithelial tumor cells.
Using the TSO500 panel, the presence of canonical PDAC
driver mutations (KRAS, TP53, SMAD4) was confirmed in
the examined PDCOs. These findings are consistent with
previous reports that pancreatic cancer organoids preserve
the genetic and phenotypic features of their original tumors
[6, 7]. Because healthy tissues or unrelated cell line con-
trols were not feasible with RSSF, drug sensitivity was
interpreted relative to cohort medians and restricted to
drugs actually administered clinically. Analysis using the
TSO500 panel revealed that the PDCOs from P1, P2, and
P4 harbored KRAS missense mutations (G12C or G12D).
P2 also carried a SMAD4 nonsense mutation (C115X). For
P2, the PDCOs derived from both KRAS and SMAD4 muta-
tion-selective media exhibited the same mutation profile,
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suggesting that a genetically identical tumor cell population
harboring both mutations was enriched under each condi-
tion. Although TP53 mutations were detected in PDCOs
from P1 (frameshift) and P4 (missense) using TSO500, these
organoids did not grow in TP53 mutation-selective medium,
possibly because of the low abundance of TP53-mutant cells
or a lack of selective growth advantage. Similarly, although
a SMAD4 nonsense mutation was identified in PDCO from
P4, it failed to expand in the SMAD4 mutation-selective
medium, potentially owing to insufficient representation of
SMAD4-mutant cells. Comprehensive genomic profiling
using the TruSight Oncology 500 panel (523 genes) was
performed on representative PDCOs, and all detected vari-
ants are presented in Fig. 1. For clarity, genes without any
detected alterations are not listed.

In addition to KRAS and SMAD4, multiple genetic
alterations were identified across the panel, including vari-
ants of genes, such as BARDI, PTCHI, CTNNBI, BIRC3,
SMARCA4, KIT, and CDK12. These variants included mis-
sense mutations, frameshifts, and splice-site alterations
(Fig. 1). Because the mutation profile of in vivo passaged
organoids (P2) remained consistent with that of the original
in vitro PDCOs, the PDCOs were genetically stable, even
after in vivo proliferation.

The in vitro drug sensitivity profiling of ten PDCOs
established from seven patients, based on cell viability,
with IC50 as the primary readout [6], while acknowledging
that viability-based organoid pharmacotyping frameworks

SMAD4
BARD1
PTCH1
CTNNB1

B sircC3
SPTA1

B cok12

KIT

P1 KRAS (Sel. Med.)

B Foxa1:TTCS

B Pus1

I smMARcA4

B P53

KRAS (Sel. Med.)

P2 | sMaD4 (sel. Med.,)

KRAS (Sel. Med.)
(after in vivo passage)

P4 KRrAs (Sel. Med.)

N NN <KrAS

Fig. 1 Genetic mutation profiles of PDCOs analyzed using TSO500.
Somatic mutations in the PDCOs from P1, P2, and P4 were identi-
fied using the TruSight Oncology 500 (TSO500) panel. The muta-
tion types included missense, frameshift, stop-gain (nonsense), and
intron variants. Labels, such as “KRAS (Sel. Med.)” and “SMAD4

are widely used [12, 13], revealed considerable inter-
patient and inter-drug variability (Fig. 2; Table 1). Fig-
ure 2 shows the dose-response curves of all ten PDCO
lines derived from seven patients (P1-P9), illustrating the
range of drug sensitivities observed. The ICs, values for
each of the five standard chemotherapeutic agents varied
across the PDCOs. This may reflect patient-specific drug
responses. For example, the PDCO from P1 showed a
markedly high IC, value of 63.66 uM, suggesting low
sensitivity to 5-FU, whereas the PDCOs from P5 exhibited
uniformly low ICj, values across all tested agents, consist-
ently suggesting high sensitivity to them.

Using Table 2 as a reference for clinically administered
regimens, the organoid ICy, values were converted into
ordinal sensitivity scores (high=2, equivalent=1, low =0;
Table S1) and aggregated into patient-level minimum,
mean, and maximum scores. Patients in P2 and the P5
second-line therapy groups were excluded from the analy-
sis (Table S1). Exploratory ROC/AUC analyses yielded an
AUC of 0.833-0.917, which was the highest for the Min
score, indicating lower ICs,-derived ordinal scores for PR/
uPR than for PD/SD (Table S2). PDCOs from patients
who were evaluated as having a partial response (PR) (P5
1 st, P7, and P8) or stable disease (SD) (P9) tended to
have lower IC, values for the agents used in the treat-
ment. In contrast, patients with progressive disease (PD)
(P1 and P2) typically had PDCOs with higher ICs, values.
These results suggest that the PDCO-based assay may have

PTPRS
NTRK3
ICOSLG
CTNNA1

B cATA3
ATRX

B Erc

I HSP90AA1:WDR20
I ANKRD11

B LrP1B

B FANCA

B vAK2

B mRE11

B TuBE1:WISP3
B A™m

B PDK1

B 7aF1

B TET2:TET2-AS1
I cABRAS
I RrRPTOR

B sPen

B HPDL:MUTYH
B ATR

B missense

M frameshift

I Stop-gain
intron variant

(Sel. Med.)”, show the culture conditions under which each PDCO
was derived “Sel. Med.” Refers to a selective medium designed to
promote the growth of tumor cells harboring specific mutations (for
example, in KRAS or SMAD4)
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Fig.2 Dose-response curves of PDCOs established from RSSF in
response to five chemotherapeutic agents. Cell viability was normal-
ized to that of untreated controls. Each curve represents the organoid
line grown under mutation-selective conditions. The legend lists

potential as a predictive tool for the chemotherapy respon-
siveness of tumors in patients.

Discussion

PDCOs were established from RSSF using mutation-selec-
tive culture media, which enabled the selective growth of
cancer cells while minimizing contamination by normal
epithelial precursors [6]. They retained key driver muta-
tions, such as KRAS and SMAD4, and additional mutations
were identified in PTCHI, BARDI1, CTNNB1, SMARCA4,
and CDK12 (Fig. 1). Furthermore, identical mutations were
detected in the P2-derived PDCOs after in vivo passaging
[7]. These results demonstrate that PDCOs retain canonical
driver mutations and a broader spectrum of genomic altera-
tions, suggesting that they can be used as samples for com-
prehensive molecular profiling.

Notably, although tumor tissue-based gene panel testing
is increasingly performed in clinical practice, its success rate
is suboptimal (for example, 57% for EUS-FNA samples in
Japan) [8]. In addition, there are concerns regarding the risk
of needle tract seeding due to EUS-FNA; therefore, mini-
mizing the number of punctures is desirable [9]. Our data
suggest that RSSF-derived PDCOs, which do not require
additional invasive sampling, may serve as an alternative
source for genomic profiling, particularly in cases with lim-
ited tumor tissue.

@ Springer

paclitaxel (uM)

P9-KRAS (Sel. Med.)

patient IDs; the genetic label next to each ID (e.g., “P1-KRAS”; “Sel.
Med.”) indicates the driver mutation used for the mutation-selective
medium when establishing the PDCOs

PDCOs also demonstrated patient-specific responses to
chemotherapeutic agents (Fig. 2, Table 1), consistent with
prior findings [10, 11]. Because absolute cutoffs for sensitiv-
ity could not be determined owing to the small sample size
in our study, we classified sensitivity based on whether the
ICs, values were above or below the cohort median. Table 2
shows the relationship between in vitro drug sensitivity and
clinical responses. Although the study was underpowered
to detect statistical significance, exploratory analyses using
ordinal scoring and ROC curves (AUC =0.833-0.917; high-
est for the Min score) suggest that lower in vitro ICsy-derived
scores are associated with clinical partial response (PR/uPR)
rather than PD/SD. These results support the clinical rel-
evance of organoid-based readouts and motivate prospective
validation in larger cohorts. Supplementary Table S3 sum-
marizes the mean ICs, values (+ SD), coefficients of vari-
ation, and ranges for all five drugs tested across the PDCO
panel. Compared with previously reported ICs, ranges in
established pancreatic cancer cell lines (e.g., gemcitabine
0.3-58 uM; 5-FU 18-96 uM [14, 15]), some of the values
were higher or lower, which may reflect inter-patient biologi-
cal diversity of patient-derived PDCOs. This indicates that
the PDCOs from patients with partial responses (P5, P7, and
P8) exhibited higher sensitivities to the administered drugs,
whereas those from patients with disease progression (P1
and P2) showed lower sensitivities.

This study followed our previous study [3] and defined
PDCO establishment as achieving > 5 passages (44—112 days
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across 10 lines from seven patients) to ensure stability. Nev-
ertheless, visible colonies formed within 7-14 days, and
drug testing was initiated after 2—3 passages (approximately
3-5 weeks). This suggests that PDCO-based assays may
provide timely information for clinical decision making in
selected cases although further validation is required before
routine implementation. However, evolutionary changes
after prior therapy, including drug-induced clonal selec-
tion, may attenuate the predictive value of pre-treatment
PDCOs and should be considered in their interpretation.
As this study was designed to demonstrate a non-invasive
IC5,-based assay, systematic expression assays of drug
resistance genes, such as ABCBI/MDRI and ABCG2, were
not performed. Importantly, PDCOs were generated from
RSSF obtained during routine EUS-FNA without requiring
additional invasive procedures, which might be disadvanta-
geous for patients. This approach preserves tumor-specific
mutations, allows in vitro drug screening, and reflects clini-
cal outcomes in multiple cases. Although further validation
in larger cohorts is needed, our results highlight the feasi-
bility and clinical potential of this strategy as a platform for
personalized therapy of pancreatic cancer.

Conclusion

Our results demonstrate the feasibility of using PDCOs
derived from RSSF for in vitro drug sensitivity profiling
of pancreatic cancer. This approach may be a powerful tool
for the development of better precision medicine. However,
further validation in a larger cohort is required.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12094-025-04111-9.
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