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Abstract: Objectives: To establish and validate a patient-derived organoid (PDO) model of colorectal cancer (CRC) 
for drug sensitivity testing and assess its correlation with clinical treatment outcomes. Methods: Tumor tissues were 
collected from 16 CRC patients undergoing surgery. PDOs were successfully generated from 9 cases and exposed to 
five chemotherapeutic agents (5-FU, oxaliplatin, irinotecan, raltitrexed, trifluridine) and one targeted therapy (cetux-
imab). IC50 values (half-maximal inhibitory concentration) and inhibition rates were determined and compared with 
patients’ clinical responses. Results: PDOs displayed heterogeneity in drug sensitivity. RAS-mutant organoids were 
consistently resistant to cetuximab, whereas RAS wild-type organoids showed variable responses. In most cases, 
PDO drug responses correlated with clinical treatment outcomes, suggesting that the PDO model can accurately 
reflect individual therapeutic sensitivity. Conclusions: CRC PDOs can be efficiently established and serve as reliable 
in vitro models for predicting responses to chemotherapy and targeted therapies. This approach may guide person-
alized treatment strategies and improve clinical decision-making in CRC.
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Introduction

Colorectal cancer (CRC) is one of the most  
common malignant tumors worldwide, ranking 
third in incidence and second in mortality. In 
2020, there were an estimated 1.9 million  
new cases and over 930,000 deaths from CRC 
[1]. Although advances in surgical techniques, 
imaging, and early screening have significantly 
improved prognosis, systemic therapy remains 
essential for CRC treatment [2]. Chemotherapy 
regimens, such as 5-fluorouracil (5-FU), oxalipl-
atin, and irinotecan, often combined with tar-
geted therapies like cetuximab, are the stan-
dard treatment [3]. However, FOLFIRI (leucovo-
rin, fluorouracil, and irinotecan) and FOLFOX 
(leucovorin, fluorouracil, and oxaliplatin) achie- 
ve only a 50% objective response rate [4, 5]. 
Furthermore, nearly all patients who initially 
respond to treatment eventually develop drug 
resistance. Clinically, many patients do not 
respond well to the first-line treatment, leading 
to tumor progression after the initial course. 
This delays optimal treatment timing, impacts 
the patient’s health, increases fear of chemo-

therapy, and complicates subsequent treat-
ments. Therefore, the development of precision 
models to predict drug efficacy in CRC patients 
is urgent.

Traditional research methods for studying 
tumor drug sensitivity often yield unsatisfactory 
results. Conventional 2D cell line cultures are 
widely used, but they lack the cell-cell interac-
tions and microenvironment necessary to simu-
late in vivo conditions, and cannot accurately 
replicate the three-dimensional structure of 
tumors. Additionally, genetic variation during 
cell passaging can affect the reliability of  
drug efficacy assessments [6]. The microtumor 
patient-derived tumor-like cell cluster (PTC) 
model optimizes the culture medium and micro-
environment for primary cells, enabling person-
alized drug testing within two weeks of obtain-
ing tumor samples [7]. However, long-term culti-
vation of PTCs is challenging, and drug response 
patterns can change after four weeks, poten-
tially due to the loss of stromal cells. While PTCs 
are closer to real tumors than traditional cell 
lines, they still fail to capture all the cellular het-
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erogeneity and cannot model immunotherapy 
or angiogenesis-based treatments due to the 
absence of T cells and endothelial cells. Patient-
Derived Xenografts (PDX) models, which retain 
many characteristics and the microenviron-
ment of the original tumor, are valuable but 
time-consuming, expensive, and have a low 
success rate, which can delay treatment and 
hinder their application in precision medicine 
[8].

Patient-Derived Organoids (PDOs) are an 
advanced in vitro model that better represents 
the genomic and histopathological features of 
tumors [9]. PDOs are 3D cultures that retain 
key properties of the organs they mimic, includ-
ing self-renewing stem cells that differentiate 
into multiple organ-specific cell types, spatial 
organization, and functional characteristics. 
These models provide a physiologically relevant 
system for drug testing. PDOs can be derived 
from tissue samples containing adult stem 
cells, single adult stem cells, or organoids from 
pluripotent stem cells. They maintain the struc-
ture, morphology, genetic mutations, and het-
erogeneity of the original tumor and are widely 
used to model various cancers, including CRC, 
gastric cancer, lung cancer, pancreatic cancer, 
liver cancer, breast cancer, and prostate can-
cer [10]. Studies have shown that organoids 
derived from metastatic CRC can predict che-
motherapy responses [11], but targeted drug 
therapies have not been extensively studied.

This study aims to establish a CRC PDO model, 
assess drug sensitivity to commonly used che-
motherapeutic agents (5-FU, oxaliplatin, irino-
tecan) and targeted therapies (cetuximab), and 
compare the drug responses with clinical treat-
ment outcomes. IC50 values will be determined 
for these drugs, and the dose-response rela-
tionship will be analyzed to evaluate the mod-
el’s predictive value. It is hypothesized that the 
PDO model can accurately reflect a patient’s 
drug response, thereby providing a reliable tool 
for predicting individualized treatment efficacy 
and supporting personalized treatment strate-
gies for CRC patients.

Methods

Study design

This study aimed to construct a PDO model of 
CRC and evaluate its sensitivity to chemothera-
py and targeted therapy drugs.

Setting

This prospective study was conducted at the 
First Affiliated Hospital of Wenzhou Medical 
University, with a total of 16 CRC samples col-
lected from September 2022 to September 
2023. Data collection, exposure, and follow-up 
took place during this period, including postop-
erative assessments and quarterly telephone 
follow-ups. Treatment plans and imaging 
results were recorded. Disease progression or 
relapse was assessed by experienced oncolo-
gists and radiologists based on imaging until 
July 31, 2024. The follow-up period was set to 
end on this date, ensuring a minimum of 10 
months of follow-up for all patients, with tumor 
recurrence or progression evaluated every 3 
months through imaging.

Participants

Inclusion criteria: 1) Aged 18-75 years; 2) 
Histologically confirmed adenocarcinoma in the 
descending colon, sigmoid colon, or upper rec-
tum (≥ 10 cm from the anal verge), based on 
colonoscopy and biopsy; 3) Availability of surgi-
cally resected tumor tissue, with at least one 
specimen ≥ 1 cm in diameter; tissue collection 
did not interfere with pathological diagnosis or 
clinical treatment; 4) Preoperative imaging indi-
cating stage III or IV disease with lymph node or 
distant metastasis, according to the AJCC stag-
ing system; 5) No prior chemotherapy, radio-
therapy, or targeted therapy before surgery.

Exclusion criteria: 1) Patients with metastatic 
lesions only and no resectable primary tumors; 
2) Incomplete clinical data (e.g., missing ethnic-
ity, age, or tumor differentiation grade); 3) 
Concurrent diagnosis of other malignancies; 4) 
Life expectancy less than 1 month at the time 
of inclusion.

Clinical and pathological data were extracted 
from the hospital’s electronic medical record 
system, including CT and MRI imaging and 
postoperative follow-up. All procedures adhered 
to the Declaration of Helsinki (December revi-
sion), and written informed consent was 
obtained from all participants for tissue collec-
tion and research use.

Variables

Key outcome variables included the drug sensi-
tivity of PDOs to chemotherapy and targeted 
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drugs, assessed by IC50 values and inhibition 
rates at blood drug concentrations. Secondary 
variables included patient demographics, 
tumor stage, and genetic mutations.

Data sources/measurement

Preparation of the reagents: The basic medium 
was prepared by mixing 465 mL Advanced 
DMEM/F12, 25 mL L-glutamine (200 mM), 5 
mL HEPES (1 M), and 5 mL penicillin/streptomy-
cin mixture, and stored at 4°C. The HISC medi-
um was prepared by adding 2 mL B-27 (50X),  
1 μM N-acetylcysteine, 10 mM nicotinamide, 
10 nM gastrin I, 100 μM A83-01, 300 μM 
SB202190, 10 mM prostaglandin E2, and 0.2 
mL Primocin. The digestion medium was made 
by mixing 10 mL DMEM, 500 U/mL collagenase 
IV, 1.5 mg/mL collagenase II, 20 mg/mL  
hyaluronidase, 0.1 mg/mL dispase II, 10 μM 
Y-27632, and 1% fetal bovine serum. The 
growth factor-containing matrix gel was pre-
pared by adding 1 μg RSPO-1, 0.5 μg Noggin, 
and 0.5 μg EGFR to 1 mL Matrigel. The organ-
oid wash buffer was PBS containing 100 μg/mL 
Primocin and 0.1% BSA. The matrix gel was 
thawed overnight at 4°C before use.

Tissue sampling by CRC organization: Imme- 
diately following surgical removal, tissue sam-
ples were placed in organoid cleaning solution 
and basic culture medium pre-chilled at 4°C  
to ensure sample viability. Tissue sampling 
occurred within 10 minutes of isolation. 
Necrotic tissue and fat were removed in the 
operating room, and samples were washed 
three times for 5 minutes each in organoid 
cleaning solution. The samples were then 
immersed in basic culture medium, stored in an 
ice box with an ice pack, and transported to the 
laboratory within 24 hours. The remaining 
colorectal cancer tissue was divided into cryo-
genic tubes, preserved in RNA preservation 
solution, and transferred to a -80°C freezer or 
liquid nitrogen for long-term storage. Basic clini-
cal information about the patient was 
recorded.

Processing specimens and obtaining isolated 
cells: Tissue was cut into 1-3 mm2 pieces in a 
sterile petri dish on ice, then placed in ice-cold 
PBS with penicillin/streptomycin and shaken 
for 5 minutes, repeated 5 times. The sample 
was transferred to a 15 mL centrifuge tube, 
and 8 mL digestion solution was added. The 

mixture was incubated at 37°C in a shaker at 
120 rpm for 1 hour, with shaking every 15 min-
utes until the suspension was homogeneous. 
The suspension was filtered, and centrifuged at 
4°C and 300 g for 5 minutes. The supernatant 
was discarded, and the cell pellet was resus-
pended in 6 mL of basic medium and centri-
fuged again. If red blood cells were present, the 
pellet was treated with red blood cell lysis solu-
tion, then resuspended and centrifuged. The 
washing process was repeated three times to 
obtain a single-cell suspension. After counting, 
the cell suspension was adjusted to a density 
of 20,000 cells per well. The cells were resus-
pended in 40 μL of Matrigel per well, mixed 
gently, and seeded into 24-well plates. The 
Matrigel-cell mixture was allowed to solidify at 
37°C for 30 minutes before adding culture 
medium. Subsequently, 500 μL of pre-warmed 
HISC medium was added to each well, and the 
organoids were cultured in a 37°C, 5% CO2 
incubator.

Organoid drug sensitivity test: Well-grown 
organoids were seeded at a density of 200 
organoids per well in a 48-well plate, with 100 
μL of basic medium added to each well. The 
plate was placed in a 37°C cell culture incuba-
tor for incubation. Drugs were added after 3-4 
days of culture. Chemotherapeutic agents and 
targeted drugs commonly used in CRC treat-
ment were selected, with DMSO as the blank 
control. Drug concentrations were prepared in 
the following gradients: 100, 10, 1, 0.1, 0.01, 
0.001, and 0.0001 µM for 5-FU, irinotecan, 
oxaliplatin, trifluridine, and raltitrexed. For 
cetuximab, concentrations of 5 × 10-2, 5 × 10-3, 
5 × 10-4, 5 × 10-5, 5 × 10-6, 5 × 10-7, and 5 × 
10-8 M were used. Each drug concentration had 
no fewer than three replicates. After 72 hours 
of drug exposure, cell viability was assessed 
using an ATP-based luminescence assay kit 
(CellTiter-Glo® Luminescent Cell Viability Assay, 
Promega, USA), according to the manufactur-
er’s instructions. Briefly, after 72 hours of drug 
exposure, the culture medium was removed, 
and organoids were incubated with an equal 
volume of ATP assay reagent for 10 minutes at 
room temperature with gentle shaking. This 
induced cell lysis and stabilized the lumines-
cent signal. Luminescence intensity, which is 
directly proportional to intracellular ATP levels 
and thus to viable cell numbers, was measured 
using a microplate reader (BioTek Synergy H1). 
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Each condition was tested in triplicate, and 
background signals from blank controls were 
subtracted.

Calculation of inhibition rate at clinical drug 
concentrations: Inhibition rates at clinically rel-
evant blood concentrations were calculated 
using the formula: [1 - (luminescence value of 
drug-treated group - blank)/(control - blank)] × 
100%, where the control group consisted of 
untreated organoids, and the blank accounted 
for background signal.

Clinical drug concentrations were derived from 
pharmacokinetic data reported in the litera-
ture: typical plasma levels of 5-FU (10 µM), 
oxaliplatin (5 µM), irinotecan (2 µM), and cetux-
imab (5 × 10-5 M) were used. Based on the inhi-
bition rate at these concentrations, organoid 
sensitivity was categorized as follows: 0-25% 
(resistant), 26-50% (low sensitivity), 51-75% 
(moderate sensitivity), and 76-99% (high sensi-
tivity). All measurements were performed in 
triplicate, and each experiment was repeated 
independently at least three times.

Sample quality score

The sample quality score was determined after 
preliminary culture. Samples were comprehen-
sively scored based on the sampling method, 
time from sample removal to placement in 
preservation solution, sample quality, tissue 
cell proportion, cell viability, time to organoid 
formation, growth rate, and viability. Samples 
not meeting quality standards were not pro-
cessed further.

Bias control

To minimize bias, only samples passing pre-
defined quality standards were further cultivat-
ed. Standardized organoid processing and 
quality control assessments were employed to 
ensure consistency in PDO culture success 
rates.

Study size

A total of 16 CRC patients were recruited 
between September 2022 and September 
2023. After applying inclusion criteria and con-
ducting sample quality assessments using a 
standardized scoring system (Table 1), 11 
specimens met the quality control (QC) criteria. 

Of these, 9 successfully yielded PDOs for sub-
sequent drug sensitivity testing, resulting in a 
QC-adjusted success rate of 81.82% (9/11). 
The overall success rate based on all collected 
specimens was 56.25% (9/16) (Figure 1).

All 9 patients with successfully established 
PDOs completed clinical follow-up until July 31, 
2024, with no loss to follow-up. The sample 
size was based on the estimated number of eli-
gible CRC surgical patients during the study 
period and aligned with previous exploratory 
PDO studies of similar design [11, 12], which 
typically included 8-30 samples for investigat-
ing drug response and clinical correlations. 
Given the high cost, technical complexity, and 
time demands of organoid culture and drug 
screening, this sample size was deemed appro-
priate to assess feasibility and generate pre-
liminary clinical insights.

Quantitative variables

Drug efficacy was evaluated through quantita-
tive analysis of IC50 values and inhibition rates. 
A concentration gradient was set for each drug, 
and sensitivity was categorized as drug-resis-
tant, low, moderate, or high, using the percent-
age of inhibition as the evaluation criterion.

Statistical methods

All statistical analyses were performed using 
GraphPad Prism 9.0 (GraphPad Software, San 
Diego, CA, USA). Data are presented as mean ± 
standard deviation (SD) from at least three 
independent experiments. For comparisons 
between two groups (e.g., drug-treated vs. con-
trol organoids), an unpaired two-tailed Student’s 
t-test was used for normally distributed data, 
and the Mann-Whitney U test was used for non-
normally distributed data. For multiple group 
comparisons (e.g., inhibition rates across dif-
ferent drugs), one-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc test was 
applied.

IC50 values were calculated by nonlinear 
regression using the log (inhibitor) vs. normal-
ized response - variable slope model. Corre- 
lations between PDO inhibition rates and clini-
cal outcomes were assessed using Spearman’s 
rank correlation coefficient. The consistency of 
RAS mutation status between PDOs and patient 
tissues was analyzed using the chi-square test. 
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A P-value < 0.05 was considered statistically 
significant.

Results

Construction of CRC organoids

Patient source and clinical characteristics: 
Basic patient information is summarized in 
Table 2. Samples were scored using an organ-
oid sample scoring table. Those that failed the 
sample inspection were not cultured further 
(Table 3). Specifically, sample PDO-5 was dis-
carded due to contamination, PDO-12 was dis-
carded due to poor cell viability after tissue 
digestion, and PDO-10, PDO-13, and PDO-15 
were abandoned due to low quality scores. 
Therefore, out of the 16 initial specimens, 11 
passed the histological inspection. Samples 
PDO-7 and PDO-8 failed to culture due to con-
tinuous cell apoptosis and poor organoid for-
mation, preventing completion of the drug sen-

sitivity test. Nine organoids were successfully 
cultured, yielding a success rate of 81.82%, 
consistent with previous reports [13, 14].

Morphological characteristics of organoids

Organoid morphology was observed under a 
light microscope. On day 1, a few scattered 
cells were visible, showing rounding and heal-
ing, indicating good cell viability. By day 3, the 
organoid diameter had increased, with some 
exceeding 50 μm. By day 14, organoids dis-
played 3D spherical structures, ranging from 
100 to 200 μm in diameter. CRC organoids 
exhibited both thin-walled and thick-walled cys-
tic structures, and no solid spherical structures 
were observed, as reported in previous studies 
[11]. This could be due to the limited number of 
cases studied.

The morphology of CRC organoids varied across 
patients. PDO1, PDO2, PDO3, PDO4, and 

Table 1. Sample physical inspection scoring table
Item Variable Scoring criteria Score
Sample information Sampling method (A) Surgical procedure 10

Endoscope/puncture/biopsy 5
Time from removal to placement in preservation solution (B) < 10 mins 15

10-20 mins 10
> 20 mins 0

Time of sample removal from body (C) < 12 hours 10
12-24 hours 5
24-48 hours 0

Sample mass/volume (D) 0.1-0.5 g or 50-200 ml 5
< 0.1 g or 50 ml 0

Proportion of tissue cells in the sample (E) > 70% 10
20%-70% 5

< 20% 0
Cell viability (F) > 50% 10

15%-50% 5
< 15% 0

Proliferation capacity Number of days to form organoids (G) < 1 day 10
≥ 2 days 5

Growth rate of organoids (H) Fast 15
Moderate 10

Slow 5
Other Organoid viability (I) > 50% 10

15%-50% 5
< 15% 0

Temperature (J) 8-20°C -5
> 20°C -15

Validity of storage solution (K) Expired -10
Overall sample score (A+B+C+D+E+F+G+H+I+J+K).
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PDO11 displayed thin-walled cystic structures, 
while PDO6, PDO9, PDO14, and PDO16 showed 
thick-walled cystic structures.

Drug sensitivity test of organoids

To assess the in vitro drug response of CRC 
organoids and evaluate their sensitivity to che-
motherapeutic and targeted drugs, we per-
formed drug sensitivity tests on the nine suc-
cessfully cultured CRC organoids. According to 
international and domestic guidelines, five che-
motherapeutic agents and one targeted drug 
commonly used in CRC treatment were select-
ed: irinotecan, oxaliplatin, 5-FU, leucovorin, and 
trifluridine (TAS-102). Drug concentrations were 
set in a gradient from 100 to 0.0001 µM to cal-

culate IC50 values. The IC50 values for each 
organoid in response to various drugs are sum-
marized in Table 4. A slash in the table indi-
cates that the data could not be fitted.

As shown in the drug dose-response graphs 
(Figures 2 and 3), there were significant differ-
ences in drug responses between different 
organoids and also varying responses of the 
same organoid to different drugs. Compared to 
other drugs, all organoids showed a better drug 
response to irinotecan. For raltitrexed, the cell 
activity of PDO1, PDO2, PDO4, PDO9, PDO11, 
PDO14 and PDO16 organoids hardly changed 
with varying drug concentrations. Only PDO2 
exhibited a favorable response to cetuximab, 

Figure 1. Morphological characteristics of nine PDOs. A-I. Bright-field microscopic images of PDO01, PDO02, PDO03, 
PDO04, PDO06, PDO09, PDO11, PDO14, and PDO16, respectively. The organoids exhibit diverse morphologies and 
sizes, reflecting inter-patient heterogeneity. Scale bar: 100 μm.
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Table 2. Basic information about the patient

Number Gender Age Tumor location Histological grade T N M Stage Vascular 
invasion

Nerve 
invasion

Tumor 
budding KRAS NRAS BRAF

PDO1 Male 54 Sigmoid colon Well differentiated T3 N2b M1a (Liver) IVA - - - wt wt wt
PDO2 Male 71 Rectum Moderately differentiated T3 N1 M0 IIIB + - - wt wt wt
PDO3 Female 56 Sigmoid colon Moderately differentiated T3 N1 M0 IIIB - - - mut wt wt
PDO4 Male 69 Sigmoid colon Poorly differentiated T3 N1 M0 IIIB + + - wt wt wt
PDO5 Male 60 Rectum Moderately differentiated T3 N1 M1a (Liver) IVA - - - mut wt wt
PDO6 Male 76 Sigmoid colon Poorly differentiated T3 N1 M0 IIIB + + - mut wt wt
PDO7 Female 70 Rectum Moderately differentiated T3 N1 M1a (Liver) IVA - - - wt wt wt
PDO8 Male 54 Rectum Poorly differentiated T3 N2a M1a (Lung) IVA - - - wt mut wt
PDO9 Female 70 Sigmoid colon Moderately differentiated T3 N1 M0 IIIB + + - wt wt wt
PDO10 Female 69 Descending colon Moderately differentiated T1 N2a M0 IIIA - - - wt wt wt
PDO11 Male 66 Rectum Poorly differentiated T3 N2a M0 IIIB - + + mut wt wt
PDO12 Female 44 sigmoid colon Well differentiated T3 N1 M1a (Liver) IVA - - + wt wt wt
PDO13 Female 74 Sigmoid colon Well differentiated T2 N1 M1a (Lung) IVA - - + wt wt wt
PDO14 Male 40 Rectum Poorly differentiated T2 N1 M0 IIIA + - - wt mut wt
PDO15 Male 53 Rectum Moderately differentiated T3 N1 M1a (Liver) IVA - - - wt wt wt
PDO16 Female 66 Descending colon Poorly differentiated T4b N1 M0 IIIC + - - mut wt wt
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while the remaining organoids showed poorer 
responses.

We next evaluated the inhibition rates of organ-
oids at clinically relevant blood concentrations. 
The inhibition rates of each organoid to each 
drug at blood concentrations are shown in 
Figure 4.

PDO1 was moderately sensitive to oxaliplatin 
(inhibition rate of 61.59%) and irinotecan, but 
resistant to other drugs.

PDO2 was extremely sensitive to cetuximab 
(inhibition rate of 86.2%), moderately sensitive 
to trifluridine (56.87%), oxaliplatin (56.87%), 
5-FU (56.87%), and irinotecan (32.95%).

PDO3 showed moderate sensitivity to oxalipla-
tin (32.95%) and raltitrexed (28.18%).

PDO4 exhibited moderate sensitivity to trifluri-
dine (27.26%) and cetuximab (32.09%).

PDO6 was moderately sensitive to oxaliplatin, 
5-FU, and cetuximab, with inhibition rates of 
40.75%, 29.46%, and 34.10%, respectively.

PDO9 was lowly sensitive to oxaliplatin 
(33.57%), irinotecan (35.65%), and cetuximab 
(32.64%).

PDO11 was only lowly sensitive to oxaliplatin, 
with an inhibition rate of 48.81%.

4 more cycles, the tumor progressed once 
more. The patient opted to discontinue chemo-
therapy and switched to traditional Chinese 
medicine, refusing further follow-up.

PDO16 underwent chemotherapy with the 
FOLFOX regimen after surgery and was diag-
nosed with advanced lung cancer on June 10, 
2023. Since then, he has not been regularly fol-
lowed up, and pelvic metastases were discov-
ered on April 17, 2024. The patient, in poor 
health, declined radiotherapy and continued 
with only maintenance treatment using 
capecitabine and bevacizumab. The remaining 
seven patients all received chemotherapy with 
the FOLFOX regimen after surgery and have 
been followed up for 15-18 months without 
tumor progression.

Despite many patient organoids showing weak 
sensitivity to chemotherapy, clinical efficacy 
remained favorable. In patients with RAS gene 
mutations, organoid responses to Cetuximab 
treatment were all insensitive. PDO1, a RAS 
wild-type patient, developed resistance to 
Cetuximab, consistent with clinical outcomes. 
This suggests that organoids may be valuable 
in predicting the efficacy of CRC treatment.

Discussion

Current CRC treatment strategies are far from 
optimal, as primary drug resistance limits ther-

Table 3. Sample inspection scores and cultivation results
Number Quality score Sample inspection Cultivation results
PDO1 65 Qualified Successful
PDO2 45 Qualified Successful
PDO3 65 Qualified Successful
PDO4 55 Qualified Successful
PDO5 50 Unqualified Failure
PDO6 50 Qualified Successful
PDO7 70 Qualified Failure
PDO8 65 Qualified Failure
PDO9 65 Qualified Successful
PDO10 25 Unqualified Failure
PDO11 40 Qualified Successful
PDO12 60 Unqualified Failure
PDO13 25 Unqualified Failure
PDO14 65 Qualified Successful
PDO15 25 Unqualified Failure
PDO16 55 Qualified Successful

PDO14 was moderately sensitive to 
irinotecan (63.18%) and moderately 
sensitive to oxaliplatin (42.26%) and 
trifluridine (26.31%).

Patient PDO1 presented with liver  
metastases and intestinal obstruc-
tion at the time of initial diagnosis. 
After undergoing surgery for colon 
cancer, he received 4 cycles of 
FOLFOXIRI + Cetuximab. Follow-up CT 
scans showed a reduction in liver 
metastases, leading to resection of 
the liver metastases. Subsequently, 
he switched to CapeOx + Cetuximab 
for 6 cycles, but new liver and abdomi-
nal metastases appeared. The pro-
gression-free survival (PFS) was 199 
days. After 5 additional cycles of 
FOLFOXIRI + Cetuximab, the metasta-
ses shrank again. However, upon 
switching to CapeOx + Cetuximab for 
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apeutic efficacy. Various models have been 
developed to predict drug efficacy. Wong et al. 
analyzed 406,038 drug screening clinical trials 
from January 1, 2000, to October 31, 2015, 
and found that the overall success rate of 
Phase I-III drug trials was only 13.8%, with can-
cer drug trials showing a mere 3.4% success 
rate [15]. A significant number of 2D cultured 
cell line screenings for anti-cancer drugs have 
failed in clinical trials [16, 17]. Genetic testing 
using next-generation sequencing technology 
has become a common tool for personalized 
cancer treatment. Cetuximab is clinically used 
to treat CRC with confirmed KRAS/NRAS wild-
type via genetic testing [18]. Drugs targeting 
the epidermal growth factor receptor (EGFR), 
like cetuximab, significantly extend PFS and 
overall survival in advanced CRC patients. 
However, recent clinical data show that not all 
RAS wild-type CRC patients benefit from 
Cetuximab. For example, a randomized Phase 
III trial reported an objective response rate of 
69.1% with Cetuximab plus FOLFIRI, compared 
to 42.3% with FOLFIRI alone in RAS/BRAF  
wild-type metastatic CRC patients [19]. Addi- 
tionally, exploratory analysis of FOLFOXIRI  
plus Cetuximab showed varied ORR, PFS, and 
OS, highlighting heterogeneous sensitivity to 
Cetuximab even among RAS wild-type patients 
[20]. Furthermore, many patients develop resis-
tance after 3-12 months of Cetuximab treat-
ment [21, 22]. Hence, there is an urgent need 
to develop in vitro models capable of accurately 
predicting drug efficacy. In this study, we pres-
ent a successful method for constructing CRC 
organoids that closely resemble the original 
patient tumors.

The success rate of organoid culture for CRC 
varies across different studies. Ganesh et al. 

obtained 84 rectal cancer specimens with a 
77% success rate [23], while Yao et al. achieved 
an 85.7% success rate with 112 rectal cancer 
biopsies [24]. Ooft et al. achieved a 63% suc-
cess rate with 63 CRC specimens [12], and Mo 
et al. reported 86.11% and 75% success rates 
for CRC primary lesions and liver metastases, 
respectively [11]. Bruun et al. obtained 75 
specimens from 29 patients, with a success 
rate of 52% [25]. In our study, 16 patients were 
selected, and 9 organoids were successfully 
cultured, yielding a success rate of 56.25%. 
After scoring the samples post-culture for qual-
ity, 11 samples passed the quality criteria, and 
9 organoids were successfully cultured, result-
ing in an 81.82% success rate. This aligns with 
previous reports. Standardizing the specimen 
collection process-such as choosing appropri-
ately sized tumor samples, ensuring purity,  
and minimizing bacterial contamination-could 
improve organoid culture success rates [26]. 
Additionally, factors like aseptic handling and 
careful monitoring of organoid growth during 
culture are crucial for improving culture 
outcomes.

As a promising alternative to traditional cell line 
cultures and PDX models, organoid models 
offer significant advantages, including cost-
effectiveness and a closer replication of in vivo 
tumor characteristics [27]. PDOs have proven 
to be reliable predictors of drug response in 
various cancers, including breast cancer [28], 
lung cancer, gastric cancer, pancreatic cancer, 
and ovarian cancer [29-32]. Mo et al. demon-
strated that organoids can predict chemothera-
py efficacy in advanced CRC [11], although their 
study did not include targeted therapy drugs. In 
this study, we successfully established CRC 
organoids and performed drug sensitivity test-

Table 4. Organoid drug IC50 values (μM)
IC50 Oxaliplatin 5-FUFu Irinotecan Trifluridine Retapamulin Cetuximab
PDO1 26.34 / 1.050 102.7 / /
PDO2 18.03 90.3 0.088 0.084 / 0.00035
PDO3 106 482.3 12.98 54.39 425.7 /
PDO4 328.3 4757 2.56 1945 / /
PDO6 69.16 62.14 3.98 280.1 3935 /
PDO9 287.2 / 0.23 2848 / /
PDO11 15.12 92.48 0.94 / 6805 18.68
PDO14 206.4 220.9 0.14 155.6 / /
PDO16 22.28 173.4 0.028 387.9 0.0584 0.00203
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Figure 2. Drug response curves of colorectal cancer PDOs treated with five chemotherapeutic agents. (A-I) Dose-response curves for PDO01 (A), PDO02 (B), PDO03 
(C), PDO04 (D), PDO06 (E), PDO09 (F), PDO11 (G), PDO14 (H), and PDO16 (I) treated with oxaliplatin, 5-fluorouracil (5-FU), irinotecan (SN-38), trifluridine, and ralti-
trexed. Cell viability was measured after 72 hours of drug exposure. Each curve represents the mean cell viability at varying concentrations of each drug, illustrating 
inter-patient heterogeneity in drug sensitivity.
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Figure 3. Cetuximab sensitivity among PDOs. Dose-response curves 
of Cetuximab treatment across 9 colorectal cancer PDO lines (PDO01, 
PDO02, PDO03, PDO04, PDO06, PDO09, PDO11, PDO14, and PDO16). 
Most PDOs exhibited resistance to Cetuximab with minimal decrease 
in cell viability, whereas PDO02 showed a marked dose-dependent re-
sponse, indicating selective sensitivity.

ing using five chemotherapeutic 
agents and one targeted drug 
commonly used in CRC treat-
ment: irinotecan, oxaliplatin, 5- 
FU, leucovorin, trifluridine (tas-
102), and cetuximab.

In addition to calculating the inhi-
bition rate of drugs at blood con-
centrations, we also determined 
the IC50 values for various organ-
oids exposed to different drugs, 
comparing these values against 
clinically relevant blood concen-
trations as a benchmark for drug 
response evaluation. However, 
for certain organoids, drug res- 
ponses did not change signifi-
cantly with varying concentra-
tions, preventing accurate IC50 
calculation. We hypothesize that 
this may be due to intratumoral 
heterogeneity. Despite this, the 
study revealed differences in 
drug sensitivity across organoids, 
specifically to Irinotecan, Oxali- 
platin, 5-Fu, Raltitrexed, Trifluri- 
dine, and Cetuximab. Clinical fol-
low-up showed that even when 
patient organoids were weakly 
sensitive to Oxaliplatin and 5-FU, 
favorable therapeutic outcomes 
were observed.

In line with previous findings, our 
cetuximab susceptibility test de- 
monstrated resistance in organ-
oids from patients with RAS 
mutations. Interestingly, one RAS 
wild-type patient (PDO1) exhibi- 
ted resistance to cetuximab, 
which was validated by clinical 
follow-up. PDO1 showed low sen-
sitivity to Oxaliplatin, moderate 
sensitivity to Irinotecan, and re- 
sistance to other drugs. During 
clinical treatment, liver metasta-
ses shrank after FOLFOXIRI + 
Cetuximab but progressed after 
switching to CapeOx + Cetuximab, 
aligning with the organoid drug 
sensitivity test results. This sug-
gests that CRC organoid drug 
responses are consistent with 
clinical outcomes and that organ-

Figure 4. Inhibition rate of each drug across PDOs at physiological blood 
concentrations. Heatmap illustrating the percentage inhibition rates of 
six chemotherapeutic agents (Oxaliplatin, 5-FU, Irinotecan, Trifluridine, 
Raltitrexed, and Cetuximab) in individual colorectal cancer PDO lines. 
Each value represents the average inhibition rate (%) at clinically rel-
evant drug concentrations. Notably, PDO2 exhibited high sensitivity to 
Cetuximab (86.20%), while other PDOs demonstrated heterogeneous 
responses across different drugs.
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oid models hold potential for predicting patient-
specific drug sensitivity.

Limitations

Despite the promising results, this study has 
several limitations. First, CRC treatment is 
often based on combination therapies. In this 
study, we tested individual drugs, which may 
not fully capture the interactions between 
them. For example, the combination of 5-FU 
and oxaliplatin enhances the efficacy of both 
agents. A more comprehensive approach that 
includes combination therapy testing would be 
beneficial. Additionally, due to the short follow-
up period, many patients have not experienced 
significant events like tumor recurrence, which 
means further long-term follow-up is needed. 
Lastly, expanding the sample size would 
strengthen the conclusions drawn from this 
study.

Conclusion

The construction of CRC organoid models has 
demonstrated a viable success rate, and the 
use of sample quality testing can further 
improve the success rate of organoid culture. 
CRC organoids can be stably cultured, pas-
saged, and maintain tissue morphology before 
and after cryopreservation and resuscitation. 
Drug sensitivity test results from organoid mod-
els align well with clinical outcomes, reflecting 
the drug sensitivity of individual patients. These 
findings provide valuable guidance for clinical 
CRC treatment, supporting the development of 
personalized and precision treatment strate-
gies. Further large-scale research and valida-
tion are warranted to optimize the application 
of organoid models in clinical practice.
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