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Abstract

BACKGROUND

The frequent suboptimal efficacy of endoscopic ultrasound-guided fine-needle
biopsy (EUS-FNB) to culture pancreatic cancer (PC) organoids (PCOs) poses a
major challenge in the advancement of personalized medicine for advanced PC.

AIM

To explore how to obtain appropriate puncture tissues from EUS-FNB and opti-
mize the strategy for efficiently constructing PCOs, providing an efficient tool for
the advancement of personalized medicine.

METHODS

Patients who underwent EUS-FNB for the diagnosis of PC tissue were pros-
pectively enrolled. We refined the endoscopic biopsy procedures and organoid
cultivation techniques. All tissue specimens verified by on-site pathological
assessment were cultured in a semi-suspended medium in a microfluidic en-
vironment. We assessed differences in PCOs cultured beyond and below five
generations examining patient demographics, specimen and organoid attributes,
and the sensitivity of organoids to a panel of clinical drugs through cell viability
assays.

RESULTS

In this study, 16 patients with PC were recruited, one sample was excluded be-
cause onsite cytopathology showed no tumor cells. Successful organoid gene-
ration occurred in 93.3% (14 of 15) of the EUS-FNB specimens, with 60% (9 of 15)
sustaining over five generations. Among these patients, those with a history of
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diabetes, familial cancer, or larger tumors exhibited enhanced PCO expandability. The key factors influencing long-
term PCOs expansion included initial needle sample quality (P = 0.005), rapid initiation of organoid culture post-
isolation (P < 0.001), and high organoid activity (P = 0.031). Drug sensitivity analysis revealed a partial response in
two patients following therapeutic intervention and surgery and stable disease in four patients, indicating a
moderate correlation between organoid response and clinical outcomes.

CONCLUSION

Optimal initial needle sampling, rapid and precise biopsy sample processing, process isolated samples as soon as
possible, and sufficient cellular material are crucial for successful cultivating PCOs. High organoid activity is an
important factor in maintaining their long-term expansion, which is essential for shortening the time of drug
sensitivity analysis and is the basis of PC research.

Key Words: Endoscopic ultrasound-guided fine-needle biopsy; Pancreatic cancer organoid; Puncture technique; Cultivation
optimization strategy; Drug screening
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Core Tip: We optimized the endoscopic ultrasound puncture process to obtain pancreatic cancer tissue and cultivate pan-
creatic cancer organoids. Adequate material from the first puncture, rapid and accurate puncture operations, and rapid entry
of puncture samples into the culture stage are important factors for successfully cultivating pancreatic cancer organoids.
Organoid activity is the key to long-term expansion.
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INTRODUCTION

Pancreatic cancer (PC) is characterized by an insidious onset and often has ambiguous clinical manifestations; it predom-
inantly presents in advanced stages, either locally advanced (30%-35%) or metastatic (50%)[1]. However, surgical
intervention, a critical treatment modality, is feasible for only a limited subset (15%-20%) of patients with PC[2]. This
scenario underscores the pivotal role played by diagnostic biopsies and tailored neoadjuvant therapies in potentially
achieving tumor remission to facilitate surgical resection, thereby attaining universality in managing borderline
resectable and locally advanced PC. Endoscopic ultrasound-guided tissue acquisition (EUS-TA) has emerged as an
integral diagnostic tool, and the diagnostic accuracy of solid pancreatic tumors is commendably high at 91.5%[3,4].
Moreover, the advent of EUS-guided fine-needle biopsy (EUS-FNB), particularly with the latest end-cutting designs, has
proven effective in preserving cellular architecture, thereby establishing definitive diagnoses of malignancies across
various solid lesions[5].

The burgeoning field of organoid technology, particularly in the context of PC, offers promising avenues for research
and therapeutic applications. Since 2018, the breakthrough generation of PC organoids (PCOs) from samples using EUS-
FNB with a 22-gauge needle has been enabling the rapid creation of organoids at initial diagnosis[6]. This advanced
sampling technique ensures the procurement of adequate specimens from patients at all stages of PC, facilitating
developing preclinical models closely mirroring the histological and biological characteristics of the original tumor tissue.
These models retain the genetic diversity and heterogeneity of the tumor, allowing the establishment of gene poly-
morphism profiles, high-throughput drug testing, longitudinal chemosensitivity assessments, PCOs xenograft models,
and analyses of the tumor immune microenvironment([7,8].

Although most PCOs are derived from surgical specimens, post-biopsy chemotherapy is the sole treatment option for
many patients with advanced PC who are ineligible for surgery. The limited responsiveness of PC to anticancer drugs
and its tendency towards refractoriness necessitates advancements in personalized medicine for PC. The slow progress in
the development of PCOs technology is primarily due to the lack of standardized and repeatable techniques, particularly
in cases with limited biopsy samples. Research has indicated that the efficiency of organoid cultivation from EUS-TA
sourced PCOs, with success rates ranging between 36.4% to 87% across various models, is typically lower than that of
those derived from surgical specimens[9]. Additionally, the frequency of these cultures extending beyond five ge-
nerations was also comparatively less[10]. In general, a stable culture and sufficient organoids can be successfully
produced for high-throughput drug screening with successive passage of organoid lines for more than five times.

Our study aimed to optimize the puncture procedures, sample handling, and culture methodologies to enhance the
success rates of PCO generation. This endeavor should bolster basic and preclinical research on advanced PC, thereby
contributing significantly to personalized medicine.
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MATERIALS AND METHODS

This work has been reported in accordance with the strengthening the reporting of prospective cohort studies in surgery
guideline[11].

Patient selection and study design

Patients who underwent EUS-FNB for suspected borderline resectable, locally advanced, or unresectable PC were
evaluated based on radiological findings from December 2022 to July 2023 (Figure 1). Informed consent was obtained
from each participant or their legal representative. This study included all those that fulfilled the inclusion criteria except
for those with inadequate tumor tissue from EUS-FNB or concurrent malignancies. The study aimed to investigate a rapid
culture technique for PCOs, drug sensitivity testing, and establish a correlation between in vitro drug responses and
clinical disease control. The primary endpoint was obtaining a successful culture of organoids, and the secondary
endpoint were drug sensitivity analysis and clinical relevance of the organoids. The study protocol was approved by the
Ethics Committee of Chongqing General Hospital (No. KY 52022-045-01) and registered at Chinese Clinical Trial Registry
(No. ChiCTR2200064388).

The patient passed the clinical evaluation and
signed the informed consent (7 = 16)

Exclude

[ No tumor cell (n=1) ]

[ On-site cytopathology confirmed (n = 15) ]

Sample and organoid
quality assessment

Quality assessment passed, pancreatic biopsy tissues for
organoids established and passed > 5 generations (7 = 9)

Culture failure (n = 6)

A few of organoids after 5
days of culture (n = 1);

Poor organoid status (n = 2);
Slow growth (n = 2);
Organoid death (n= 1)

Morphological and histological Drug sensitivity analysis
identification (n = 9) was performed (n = 9)

Figure 1 Study scheme. Finally, 9 patients successfully constructed organoids and completed identification and drug screening.

EUS procedure details

Two skilled endosonographer performed all the EUS-FNB procedures using a curvilinear echoendoscope (Olympus
Medical Systems, Tokyo, Japan). Tissue samples were acquired using a 22-gauge Acquire™ EUS fine needle biopsy device
(Boston Scientific, United States). Previous research has indicated that the DNA yield from a 22-gauge EUS-TA needle is
notably higher in tumor cells than that from other needle types[12]. We employed one or two additional sampling using a
22-gauge FNB needle, focusing on the active tumor periphery. A sector puncture approach was used, continuously
adjusting the needle angle to optimize sample collection from the most suitable site. Necrotic cores and blood vessels
were avoided by immediate on-site cytopathological evaluation. The remaining tissue was preserved in a freezing
solution and transported to the laboratory via a cold chain within 10 minutes.

Organoid generation and maintenance

In this study, we used a semi-suspended organoid culture method combined with a microfluidic system (Figure 2).
Specifically, tissue samples obtained via EUS-FNB were initially rinsed in ice-cold Dulbecco’s phosphate-buffered saline
(without calcium and magnesium) (Thermo Fisher Scientific, catalog: 14190144) and then finely minced. Subsequently, a
pre-warmed digestion solution was added, and this mixture was incubated in a 37 °C shaker at 140 rpm for 30 minutes
following the gradient method. After digestion, the supernatant was centrifuged at 1000 rpm for 5 minutes. The
supernatant was discarded, preserving the cell pellets, which were then resuspended in an appropriate volume of
Matrigel (Corning, catalog: 356231), and placed onto a 48-well microfluidic culture plate. This setup was transferred to a
37 °C incubator to solidify the dome. Subsequently, a suitable volume of pre-warmed Kingculture™ organoid complete
growth medium, with an approximate flow rate of 10-20 pL/minute, was added to the microfluidic system for cul-
tivation. The complete medium was refreshed every 2-3 days. Additionally, each sample was assessed using a sample
score scale and an organoid score scale, which provided the success rate and duration of the culture (Supplementary
Tables 1 and 2).

During passage, the old medium was removed and pre-warmed Dispase II (Thermo Fisher Scientific, catalog:
17105041) was added. The dome structure in the well was gently disrupted with up-and-down motions of a pipette tip.
After digestion according to the above method, the precipitation was retained and an appropriate amount of TrypLE was
added (Thermo Fisher, catalog: 12605010). The digestion steps were repeated until the mixture showed small clusters of
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Figure 2 Schematic diagram of sample treatment from endoscopic ultrasound-guided fine-needle biopsy and organoid culture process.
DPBS: Dulbecco’s phosphate-buffered saline.

cells (ranging from 2-10 cells). The subsequent addition of Matrigel to this mixture complete the medium into a new
generation culture. When performed the drug sensitivity analysis after the organoids have grown in sufficient numbers.
Generally, the morphological changes, size and quantity of organoids were observed every 12-24 hours after the addition
of drugs to provide sufficient data support for accurately drawing the rea under curve.

Histopathological assessment of PCOs

Daily photographic documentation was employed to monitor morphological diversity and quantitative alterations from
the initiation of organoid culture. After attaining a substantial organoid count, histological characterization and drug
sensitivity assessments were conducted. Tissue samples and corresponding organoids were processed into formalin-fixed
paraffin-embedded blocks, followed by routine hematoxylin-eosin staining. Additionally, Ki-67 staining, a marker of cell
proliferation, was performed on deparaffinized sections following standard diagnostic protocols.

Chemotherapy drug sensitivity analysis

Chemotherapeutic agents were introduced approximately 72 hours after organoid seeding for the organoids that
expanded to the fifth generation. The study utilized the following standard first-line therapies: Gemcitabine plus
albumin-paclitaxel (AG regimen) and FOLFIRINOX (oxaliplatin, fluorouracil, irinotecan, leucovorin). Moreover, Food
and Drug Administration-approved targeted therapies for PC, including poly ADP-ribose polymerase-1/2/3 inhibitors
(olaparib) and epidermal growth factor receptor (EGFR) inhibitors (erlotinib and nituzumab), were incorporated into the
PCOs susceptibility analysis. Drug reactivity was quantified using the area under curve and cell inhibition rate. The
clinical efficacy of sensitive drugs was primarily gauged using progression-free survival and overall survival metrics,
with a data cutoff date of October 15, 2023.

Statistical analysis

Normally distributed continuous variables in this study were presented as mean + SD and analyzed via a two-tailed
Student’s ¢ test. Categorical variables underwent analysis using Fisher’s exact test in conjunction with y? test and Mann-
Whitney U test (the variable has some degree of increase or decrease). Statistical analyses were performed using statistical
product and service solutions (SPSS) software (version 25.0; SPSS Inc, Chicago, IL, United States), and flow charts were
generated using R version 4.2.0 software (https://cran.r-project.org/).

RESULTS

Demographic and clinical profile of study participants

In this study, 16 patients with PC were recruited with 15 EUS pancreatic biopsy specimens were processed for PCO
culture. Successful establishment of PCOs was achieved in 14 cases (93.3%); however, 5 of these did not progress beyond
the fifth generation, as detailed in Table 1. The cohort consisted predominantly of man (10 patients, 66.7%), and the mean
age was 60.6 = 8.6 years. The average maximal diameter of the pancreatic tumors was 4.1 £ 1.5 cm. Most patients were
diagnosed with locally advanced and unresectable PC, frequently exhibiting metastases to the liver, lungs, or peritoneum.
According to the American Joint Committee on Cancer 8" edition, clinical tumor node metastasis stages were predom-
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Table 1 Baseline characteristics of the patients, n (%)

Organoid culture successful  Organoid culture unsuccessful

Characteristics (n=9) (n=6) P value
Sex (male) 6 (66.7) 3 (50.0) 0.622
Age (year), mean + SD 60.3+3.5 69.6+54 0.088
BMI, mean * SD 227+13 21.6+13 0.361
Smoking 3(33.3) 1(17.7) 0.604
Drinking 3(33.3) 1(17.7) 0.604
Tumor size (cm), mean + SD 42+0.6 34+£03 0.159
Tumor volume (Cma), mean * SD 724 +£24.1 294+88 0.085
Hypertension 1(11.1) 2(33.3) 0.525
Diabetes 4 (66.7) 1(16.7) 0.580
Family of history malignancy 3(33.3) 0(0) 0.229
Personal of history malignancy 1(11.1) 0 (0) 1.000
History of abdominal operation 1(11.1) 1(16.7) 1.000
Location, head-neck 5 (55.6) 4 (66.7) 0.608
Clinical TNM staging, III/TV 7(77.8) 6 (100.0) 0.622
T stage, T3-T4 6 (66.7) 5(83.3) 0.245
N stage, N1 7 (87.5) 4 (66.7) 0.538
M stage, M1 4 (44.4) 3 (50.5) 1.000
CA19-9 (U/mL), mean + SD 7744 £299.4 1098.6 + 382.7 0.349
CA125, mean + SD 349115 55.3 +16.6 0.514
CEA, mean + SD 47+11 4107 0.372
Time from initial diagnosis to puncture biopsy (month), mean+SD 2.5+ 0.8 1.0+0.1 0.526
Ki-67 (%), mean + SD 289472 18.0+3.7 0.264
IHC, CA19-9 (+) 7 (100.0) 5(83.3)

IHC, CEA (+) 5(83.3) 4 (100.0) 1.000
IHC, P53 (+) 5 (71.4) 3 (60.0) 1.000

BMI: Body mass index; TNM: Tumor node metastasis; CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; IHC: Immunohistochemistry.

inantly stage III-IV (12 patients, 80%). All participants were classified as pancreatic ductal adenocarcinoma except for one
patient, identified as patient No.2, who was pathologically diagnosed with adenocarcinoma featuring sarcomatoid
carcinoma. Analysis of the clinical data from these 15 samples indicated that patients with successful PCO cultures
tended to have larger tumors and a history of diabetes and familial malignancies. However, these observations were not
statistically significant and warrant further investigation with a larger sample size.

Compared with patients in the conventional group who did not undergo organoid culture during the same period,
those in the culture group under similar circumstances (3 patients, 18.8%) had a small amount of mucosal bleeding at the
puncture point during the operation (which could be relieved after depotassic renal adrenal saliner). Simultaneously, 10
patients in the conventional group (15.9%) showed no statistical difference between the two groups (P = 0.782). All
patients did not develop pancreatitis requiring surgical treatment, infection and perforation, and their lives returned to
normal 24 hours after EUS-FNB.

Influential factors in successful organoid cultivation from EUS-FNB PC samples

Our study further explored organoid cultures from PC samples obtained via EUS-FNB using a 22-gauge needle (Table 2).
Based on findings from other studies[13], FNB typically yielded adequate diagnostic material with an initial needle
puncture. Secondary needle biopsies from six patients often resulted in hemorrhagic samples, leading to tissue
entrapment in erythrocytes and potentially reduced cell viability (15%-50%, 16.7% vs 55.6%, Table 2). This observation
aligns with the findings of Lacomb et al[14], in which only one of these secondary samples successfully yielded an
organoid culture (P = 0.005, Table 2). We obtained an organoid culture from a biopsy sample weighing 0.008 g. The
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Table 2 Pancreatic puncture sample information and organoid culture information, n (%)

Organoid culture successful ~ Organoid culture unsuccessful

Characteristics (n=9) (n=6) P value
Sample information
Puncture, 1% needle 8 (89.0) 1(16.7) 0.005
Sample weight (g), mean + SD 0.0463 + 0.0100 0.0387 + 0.0041 0.494
The time from isolation to organoid culture (hour), mean + SD 62+15 18.7+15 0.001
Proportion of tumor cells in the sample 0.785
>70% 0(0) 0(0)
20%-70% 3(33.3) 2(33.3)
5%-20% 5 (55.6) 4 (66.7)
<5% 1(11.1) 0(0)
Cell activity 0.288
>50% 0(0) 0(0)
15%-50% 5 (55.6) 1(16.7)
5%-15% 3(33.3) 5(83.3)
<5% 1(11.1) 0(0)
Sample quality score, mean + SD 55.9+25 50.2+1.9 0.120
Organoid information
Organoids grow in the first day after processing 8 (88.9) 3 (50.0) 0.107
Organoid proliferation 0.414
Moderate 1(11.1) 0 (0)
Slow 8 (88.9) 6 (100.0)
Organoid activity 0.031
> 50% 0(0) 0(0)
15%-50% 5 (55.6) 0(0)
5%-15% 4(444) 6 (100.0)
<5% 0(0) 0(0)
Organoid quality score, mean + SD 642+1.6

earliest organoid emerged on the fourth day post-culture, exhibiting rapid growth and activity, and drug sensitivity
testing was completed within 26 days. Only one sample was excluded from laboratory analysis because of negative onsite
cytopathology results.

Our data suggest that the interval from sample collection to organoid culture initiation should ideally be < 24 hours.
However, shorter processing times significantly enhanced PCO culture success (P < 0.001, Table 2). The three dimensional
microfluidic system potentially influences the general slow proliferation rate of organoids. Samples with less than 5%
tissue cellularity still demonstrated high organoid activity post-initial formation, expanding to the fifth generation and
completing drug sensitivity testing within 34 days. This indicates that organoid vitality (P = 0.031) is a critical factor for
their rapid expansion (Table 2).

Morphological and histological analysis of PCOs

In this study, 60% (9 out of 15) of the PC specimens successfully expanded beyond the fifth passage for drug sensitivity
assays, while the remaining six failed organoid cultivation owing to various factors, in agreement with previous studies
[10,15]. Predominantly, the unsuccessful cases (4 out of 6, 66.7%) were halted because suboptimal organoid conditions or
sluggish growth rates. Additionally, two specimens failed to initiate cultures, which was attributed to either low tumor
cellularity or insufficient organoid formation, as observed under bright-field microscopy by day 5. Histological examin-
ations were conducted on the nine successfully cultured samples. These analyses revealed morphological congruence

between the catheter-like structures observed in the original PC biopsy specimens and their respective organoids
(Figure 3).
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Figure 3 Histological identification of biopsy tissue and organoids from three samples (patient No. 1, No. 6 and No. 9). Bright-field images of
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pancreatic cancer organoids taken at 4 days of culture. Scale bars of organoid bright-field: 100 um, scale bars of hematoxylin-eosin staining and Ki-67: 50 um. EUS-
FNB: Endoscopic ultrasound-guided fine-needle biopsy; HE: Hematoxylin-eosin staining.
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Figure 4 Drug sensitivity analysis and clinical relevance of organoids. A: Curve drug sensitivity curves of patients No. 1; B: Curve drug sensitivity
curves of patients No. 2; C: Curve drug sensitivity curves of patients No. 14; D: Listed the sensitive drugs and clinical protocols for No. 9 patients. Assessment of
resectable patients according to National Comprehensive Cancer Network guidelines: Unresectable, local progression, borderline resectable. Patient tumor response
was measured using RESIST 1.1 criteria and categorized as partial response, stable disease, and progressive disease. AG: Gemcitabine combined with albumin-
paclitaxel; mFFX: Modified FOLFIRINOX, oxaliplatin, irinotecan, fluorouracil and calcium leucovorin; UR: Unresectable; LP: Local progression; BR: Borderline
resectable; 5-Fu: Fluorouracil; PD: Progressive disease; SD: Stable disease; PR: Partial response; OS: Overall survival; PFS: Progression-free survival.

Correlation of organoid drug sensitivity with clinical outcomes in PC

Figure 4 illustrates the 9 PCOs were successfully developed for drug sensitivity assays from the 15 patient specimens in
our study. The average duration that covers all periods of culture, identification, drug sensitivity and freezing (2 tubes of
organoids were frozen in each patient for subsequent resuscitation culture and molecular experiments) to complete these
tests was 30 + 3.1 days. Sensitivity analysis revealed varied responses: 33.3% of the patients (3 out of 9) showed the
highest sensitivity to SN-38 or Cis-platinum, 22.2% (2 out of 9) to gemcitabine, and 11.1% (1 out of 9) to albumin-
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paclitaxel. Despite these findings, it is important to note that these drugs are only beneficial for a limited subset of PC
patients[16,17]. Remarkably, two patients (No. 9 and No. 12) exhibited a partial tumor response, transitioning from a
locally progressive or borderline resectable to a surgically resectable state, leading to successful tumor resection.
Postoperative pathological assessment of neoadjuvant therapy using the college of American pathologists grading system
(modified Ryan) indicated a grade 3 response (minimal tumor cell retreatment with predominant cell presence) and
negative pathological resection margins.

However, the median follow-up duration in this study was relatively short, at 4.1 months (interquartile range 3.5-5.7
months), with no recorded mortality during this period. Further longitudinal studies are required to comprehensively
evaluate the long-term clinical outcomes associated with drug responses.

DISCUSSION

In this study, we used a semi-suspended medium in conjunction with a microfluidic system to cultivate PCOs. This
approach, coupled with efficient EUS-FNB techniques, enabled the acquisition of ample samples with minimal needle
usage, thus forming the cornerstone of successful organoid culture. Rapid sample processing and refined culture method-
ologies have significantly enhanced the success rate of PCOs culture.

PC is known for its high malignancy, low resection rates, and limited drug sensitivity, which contributes to its
persistently high mortality rate. The lethality of PC is largely attributed to the tumor microenvironment, characterized by
complex cell-cell and paracrine interactions, particularly between cancer-associated fibroblasts and cancer cells, which
contribute to resistance against multi-agent chemotherapy[18]. The National Comprehensive Cancer Network 2019
guidelines advocate universal germline testing for patients with PC[19], highlighting prevalent mutations in oncogenes
like KRAS (90%-95%) and tumor suppressor genes such as CDKN2A, TP53, and SMAD4[20]. However, challenges in
targeting these mutations, particularly KRAS, owing to their high affinity for guanosine triphosphate/guanosine
diphosphate and escape mechanisms limit the clinical impact of small molecule inhibitors[21]. Current precision medicine
models focus on maintaining mutation fidelity but often overlook RNA states and expression heterogeneity[22]. Recent
findings indicate a novel intermediate PC transcription cell state, underscoring the influence of tumor microenvironments
on cancer cell transcriptional phenotypes and drug responses[23]. This plasticity of PC cells and their microenvironment
presents exploitable vulnerabilities. As pioneered by Boj et al[24], organoid technology for PC was pioneered in 2015,
which offers a comprehensive model encompassing tumor and microenvironmental aspects. The unparalleled advantages
in stability, congruence with human PC cells, and drug sensitivity testing[25,26] provided by organoids play a pivotal
role in disease mechanism exploration, drug efficacy, multi-omics sequencing, personalized medicine, and tissue
regeneration compared to those by traditional models, such as 2 dimensional cell cultures, patient-derived xenografts,
and genetically engineered mouse models[27,28].

The successful culture of PCOs from EUS-FNB has opened new avenues in precision medicine for advanced PC, where
in most patients (80%) are relegated to pharmacotherapy[6]. However, challenges such as low success rates, difficulty in
long-term expansion, and prolonged culture periods (approximately 2 to 3 months) of EUS-FNB samples impede person-
alized treatment strategies[9,10]. Our study addressed these issues through strategic optimizations in needle selection,
puncture site, sample transportation, medium selection, and culture conditions. The choice of a 22-gauge FNB and the
precise selection of the biopsy site were pivotal in our study for acquiring adequate tumor cellular material. The limited
tumor cell yield in PC biopsies resulting from the fibrotic microenvironment surrounding the PC cells[29,30] poses a
significant challenge for PCOs cultivation. Our technique involved a fan-shaped puncture approach that targets the
periphery of the lesion and continuously adjusting the needle angle to optimize sample collection. Necrotic regions that
can detrimentally affect organoid production should be avoided[31]. Prompt delivery of the biopsy specimen to the
laboratory for processing and following the on-site pathological confirmation was crucial. This rapid transfer, facilitated
by a temperature-controlled transport box, ensured optimal preservation of the organoid culture medium at 4 °C, a factor
influencing the quality of tumor cells, diverging from the 24 hours time frame cited in previous studies[6].

The KingMed system employed in our study is a specialized organoid culture medium for PC. Organoid culture media
have been shown to significantly influence the response to standard chemotherapies and the morphological and
transcriptomic profiles within the same organoid culture[32]. This underscores the critical role of the culture medium.
The KingMed system, which utilizes the properties of Matrigel, enables a semi-suspended culture technique for early
stage pancreatic tumor organoids, effectively reducing early cell apoptosis. This approach facilitated the growth of the
first organoid within four days in most of our samples (93.3%), surpassing the growth rates observed in organoids
derived from surgical specimens[33].

Pancreatic intraepithelial lesion increases extracellular matrix deposition and the stroma amount up to 90% of the
whole tumor volume. Moreover, PC is characterized by high interstitial pressure and occurs in a hypoxic conditions[34].
Most in vitro PC models have limited translational relevance, as these fail to recapitulate relevant aspects of PC
complexity. Microfluidic systems can provide a biomechanical microenvironment for growing cells. Compared to
traditional well plate cultures, organs-on-a-chip culture require only a few cells for experimental studies. Hence, it was
feasible to use these for patient stratification and for individualization of therapies[35]. Additionally, the incorporation of
a microfluidic system simulated the in vivo fluid dynamics, thereby more accurately replicating the original tissue
microenvironment. Despite these advancements, a subset of specimens (33.3%) failed to progress to the fifth generation,
precluding drug sensitivity analysis, a phenomenon referred to as “lack of expansion” in the literature[28]. Clinically,
only a minority of EGFR-inhibitors-responsive patients proceeded with inhibitor therapy because of the factors such as
uncertain efficacy, patient preference, drug availability, side effects, and cost considerations.
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Although our study was limited by the small number of cases, the two groups (successful and unsuccessful) could not
overcome the bias of properties of each tumor. In the future, it will be successful PCOs cultivation through univariate and
multivariate analysis. Furthermore, drug sensitivity analysis can be conducted immediately without having to grow for
five generations to enhance the efficiency of drug sensitivity analysis in organoids and effectively meet the demands of
rapid durg utilization. Optimization of drug concentration and combination proportions are also pivotal aspects that
require attention in future endeavors. Our study provides valuable insights into the culture of organoids from endoscopic
needle biopsies in PC. This methodology potentially supports high-throughput drug screening[36,37], co-culture techno-
logies[38], and advancements in regenerative medicine for PC[39].

CONCLUSION

The quality of a biopsy sample is fundamental for successful organoid culture. Our study delineates a viable process for
culturing organoids from PC needle biopsies, facilitating the evaluation of drug sensitivities and enabling a multidimen-
sional approach to personalized medicine. The next critical step is to harness this promising tool to provide more detailed
insights into the mechanisms of early detection, progression, and drug resistance in PC.
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