
Abstract. Background/Aim: Cancer mortality has
decreased due to the contribution of extensive research on
cancer treatment, including chemotherapy, radiation, and
immunotherapy. However, histopathologically similar tumors
originating from the same organ are treated with identical
or similar chemotherapeutic regimens regardless of patient
characteristics or cancer subtypes. The aim of this study was
to evaluate the utility of organoids in predicting responses
to chemotherapeutic agents. Patients and Methods: This
study retrospectively reviewed patient-derived organoids
(PDOs) from 10 colorectal cancer patients to compare
chemotherapy responses. Drug sensitivities for 5-fluorouracil
(5-FU), cisplatin, oxaliplatin, and irinotecan were compared
using GI50 (concentration that inhibits cancer cell growth
by 50%). Results: When organoids were treated with 5-FU,
GI50 was the lowest compared to the other three
chemotherapeutic agents (cisplatin, oxaliplatin, and
irinotecan). The responsiveness to chemotherapeutic agents
differed depending on specific patient characteristics
including age, tumor location, stage, and gross type. The
response of the patients’ organoids to chemotherapeutic

agents was consistent with the response to chemotherapy
actually performed in those patients with cancer recurrence
after surgery. Conclusion: PDOs may be useful as a
preclinical model in predicting chemotherapy responses in
cancer patients.

In 2018, the International Agency for Research on Cancer
reported that colorectal cancer (CRC) was the third most
commonly diagnosed cancer (10.20% of the total cases) and
is still one of the leading causes of cancer-related mortality
(9.20% of the total cases) (1). Current conventional
chemotherapy guidelines for colorectal cancer include drugs
such as 5-fluorouracil (5-FU), cisplatin, oxaliplatin, and
irinotecan (2). These drugs are used without considering
individual characteristics in most patients. Although
chemotherapy is one of the most important treatments of
colorectal cancer, the outcome may differ by patient due to
tumor heterogeneity (3, 4). Therefore, finding a way to
predict chemotherapy response in each patient is crucial in
developing personalized cancer treatment (5).

Up to now, animal models or cancer cell lines were
commonly used to test chemotherapy responses. However,
these models have limitations in reflecting cancer
progression in the human body. The limitations include low
success rate, inefficient generation from primary patient
cells, high cost, and long-time treatment (6, 7). Patient-
derived organoids (PDOs) have emerged as a more accurate
and elaborate new model for cancer treatment research (8),
and many studies have been conducted on their development
and culturing methodologies (9, 10). Organoids, a three-
dimensional in vitro culture system (11), contain self-
renewing stem cells that differentiate into various organ-
specific cell types and tissues that assume an organization
and functionality similar to that of an organ (12). 

Drost and Clevers (13) reviewed the potential values of
organoids in both basic and translational cancer research.
They especially emphasized on the utilization of organoids
for drug screening and toxicity testing, which enables the
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development of personalized cancer treatment regimens.
Many studies have shown that PDOs can effectively predict
responses to systemic chemotherapy (14, 15). Luo et al. (16)
reported that using organoids overcomes the previously
discussed limitations because of their higher similarity to
native tissues in aspects of cell composition, behavior,
physiology, and stable genomic structures.

In this study, we focused on comparing chemotherapy
responses on colorectal cancer by using organoids derived
from 10 patients. Specifically, this study was conducted to
achieve the following objectives. First, we compared the
efficacy of 5-FU, cisplatin, oxaliplatin, and irinotecan in
colorectal cancer patients using PDOs. Second, we evaluated
the relationship between the sensitivity to chemotherapeutic
agents and specific patient characteristics. Third, we
investigated the relationship between response to
chemotherapy actually performed in patients with cancer
recurrence after surgery and response to those PDOs. Overall,
we examined the potential of organoids in predicting
individual responses to various chemotherapies, which would
open the possibility to personalized cancer treatment.

Patients and Methods
Patients. This study includes 10 organoids derived from patients
who underwent surgical resection for colorectal cancer at Pusan
National University Hospital between February 2020 and March
2021. All patient data were collected retrospectively by reviewing
medical records. The inclusion criteria were patients aged 18 years
or older with histologically diagnosed colorectal cancer. Patients

with Eastern Cooperative Oncology Group (ECOG) performance
status 3-4, and those who refused chemotherapy, were under 18
years of age, or had an intellectual disability were excluded. 

Informed consent was obtained from all participants. The study
protocol was registered at the Clinical Research Information Service
(CRIS registration number: KCT0003511). The study protocol was
approved by the Institutional Review Board of Pusan National
University Hospital (IRB number: 1801-020-062).

Establishment of patient-derived organoids. The colorectal cancer
tissues obtained from surgery were cultured as organoids within 2 h.
First, the tissue was washed twice with phosphate-buffered saline
(Welgene, Daegu, Republic of Korea) containing 2% penicillin and
streptomycin (Gibco, Langley, OK, USA), and chopped to pieces of 
2 mm or less. The tissue pieces were collected in a 50 ml conical tube
containing 30 ml of phosphate buffered saline and centrifuged at
1,977×g for 10 min at 4˚C. After removal of the supernatant, 20 μg/ml
collagenase type Ⅺ (Sigma-Aldrich, St. Louis, MO, USA) containing
0.1 M DL-dithiothreitol solution (Sigma-Aldrich) and 10 mg/ml
dispase2 (Sigma-Aldrich) were added to the tissue pellet and
dissociated at 37˚C for 30 min in 5% CO2 incubator. After incubation,
the suspensions were repeatedly minced by pipetting and passed
through a 100 μm cell strainer (BD Falcon, Franklin Lakes, NJ, USA),
and centrifuged at 494×g for 5 min at 4˚C. The supernatant was
removed and red blood cell lysis buffer (Biolegend, San Diego, CA,
USA) was added to the pellet at 37˚C for 3 min. To stop the reaction,
DMEM medium (Welgene) containing 10% FBS (Gibco) was added
and centrifuged at 494×g for 5 min. The cell pellet was resuspended
in 20 μl of organoid complete medium, added 20 μl of matrigel matrix
(Corning, Corning, NY, USA), and plated in ultra-low attachment plate
(24-well, Corning) to solidify at 37˚C for 25 min in a 5% CO2
incubator. After complete solidification, 500 μl of warm organoid
complete medium was added per well. The organoid complete medium
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Table I. Patient characteristics.

No. Age Gender Location T N M Stage Gross type Growth pattern

S115 65 M Proximal 3 0 0 IIA Ulcerofungating Mixed expanding 
transverse colon (gross type 2) and infiltrative

S123 78 M Ascending colon 3 0 0 IIA Fungating Mixed expanding 
(gross type 1) and infiltrative

S126 76 M Proximal 3 1 0 IIIB Ulceroinfiltrative Infiltrative
transverse colon (gross type 2)

S137 73 M Sigmoid colon 3 2 0 IIIB Ulcerofungating Mixed expanding 
(gross type 2) and infiltrative

S150 63 M Sigmoid colon 4 2 1 IV Not applicable Diffusely infiltrative
(stent insertion state)

S165 71 M Sigmoid colon 3 1 0 IIA Ulceroinfiltrative Mixed expanding 
(gross type 2) and infiltrative

S176 58 F Ascending colon 3 0 0 IIA Ulcerofungating Mixed expanding 
(gross type 2) and infiltrative

S199 69 M Proximal 3 0 0 IIA Ulcerofungating Mixed expanding 
transverse colon (gross type 2) and infiltrative

S222 80 M Cecal 4 0 0 IIC Ulcerofungating Mixed expanding 
(gross type 2) and infiltrative

S236 58 M Ascending colon 4 2 0 IIIC Ulcerofungating Mixed expanding 
(gross type 2) and infiltrative

Μ: Male; F: female.



is Advanced DMEM/F12 medium (50%, Gibco) containing L-WRN
medium (50%, L-WRN cell cultured medium, ATCC, Manassas, VA,
USA), 1 mM nicotinamide (Sigma-Aldrich), 1× B-27 (Gibco), 2 mM
Gluta-max (Gibco), 10 nM Gastrin (Sigma-Aldrich), 10 μM Y-27632
(Sigma-Aldrich), 10 μM SB202190 (Sigma-Aldrich), 500 nM A83-01
(Sigma-Aldrich), 50 ng/ml EGF (Peprotech, Rocky Hill, NJ, USA),
1× N2 solution (Gibco), 100 μg/ml primocin™ (Invitrogen, Carlsbad,
CA, USA) 2 μg/ml heparin (Sigma-Aldrich), 1 mM N-acetyl-L-
cysteine (Sigma-Aldrich), 10 mM HEPES (Gibco) and 1 μM LY-
2157299 (Peprotech).

Drug screening of patient-derived organoids. Organoids were plated
at 4,000 organoids per well in 96-well ultra-low attachment plates
(Corning) and cultured for 3 days. Next, 50 μl of organoid complete
medium containing 7 different doses of 5-FU, cisplatin, oxaliplatin,
or irinotecan were added. After another 3 days, organoids to which
100 μl/well of CellTiter-Glo (Promega, Madison, WI, USA) were
added were reacted for 25 min at 37˚C. Then, the supernatant was
transferred to a 96-well black plate (SPL Life sciences, Gyeonggi-
do, Republic of Korea) and the viability of the organoids was
measured as a luminescent signal using a Hybrid Multi-Mode
Microplate reader (Synergy H1, BioTek, Winooski, VA, USA).

Statistical analysis. A one-way analysis of variance was used to find
differences between various groups within the sample. p-Values
<0.05 were considered statistically significant. All statistical
analyses were conducted using IBM SPSS statistics, version 25.

Results
Patient characteristics. This study compared the efficacy of
standard chemotherapeutics in organoids derived from 10
colorectal cancer patients that underwent surgery at our
institution. The standard chemotherapeutic agents included
5-FU, cisplatin, oxaliplatin, and irinotecan, which interfere
with DNA synthesis. The characteristics of the patients are
listed in Table I. All patients underwent surgery. The age of
the 10 patients ranged from 58 to 80 years with the median
age of 69. Of all the patients, nine were male and one was
female; five were between stages I-IIA and five were stages
IIB-IV; one was fungating, six were ulcerofungating, two
were ulceroinfiltrative, and one was not applicable to being
categorized into a gross type due to stent insertion; eight
showed a growth pattern of mixed expanding and infiltrative,
one was infiltrative, and one was diffusely infiltrative.

Patient-derived organoids reflect the patients’ primary tumor
morphology. The morphology of the organoid can be
confirmed with bright field imaging after culturing the
patient’s tissue for about a week. The organoid image was
different for each patient. Similarities of each patient’s
organoid and tissue could be confirmed using Hematoxylin
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Figure 1. Bright-field images of 10 established patient-derived organoids and hematoxylin and eosin (H&E) staining of the organoids and patients’
tissues. Scale bar of bright-field image indicates 250 μm, scale bar of H&E image indicates 150 μm.



& Eosin staining. It was confirmed that the patient’s
organoid and  tissue showed similar morphologies of glands,
mucin inclusions, and histological characteristics of the
cancer (Figure 1).

Responses of organoids to 5-FU, cisplatin, oxaliplatin, and
irinotecan. The cell viability of 10 organoids was checked
following treatment with different concentrations of each
chemotherapeutic agent (Figure 2). The GI50 (concentration
that inhibits cancer cell growth by 50%) and R2 were

calculated and listed in Table II. Interestingly, the 10 PDOs
were most sensitive to 5-FU than the other chemotherapeutic
agents. However, PDOs derived from different patients
showed various responses to the same chemotherapeutic
agent due to the heterogeneity of the tumors. For example,
organoids from S236 were more sensitive to 5-FU
(GI50=0.1925 mM) than those from S123 (GI50=3.096 mM). 

Relationships between organoids’ sensitivity to
chemotherapeutic agents (5-FU, cisplatin, oxaliplatin, and
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Figure 2. Response of colorectal organoids to drugs. (A) Cell viability following treatment with different concentrations of chemotherapeutic agents.
(B) The image and survival rate on day 3 after drug treatment. Drug-resistant organoid 126 and drug-sensitive organoid 199 showed a 59%
difference in cell viability following treatment with 2 mM 5-FU, 83% difference following treatment with 10 μM cisplatin, 58% following treatment
with 20 μM oxaliplatin, and 81% following treatment with 30 μM irinotecan. 



irinotecan) and patient characteristics. We evaluated the
relationship between the sensitivity to chemotherapeutic
agents and specific patient characteristics including age,
tumor location, stage, and gross type. 

Age. The patients were categorized into two groups by the
age of 69, which was the median age of the 10 patients. A
one-way ANOVA revealed a significant difference between
the two groups of age when using cisplatin [F(1, 8)=18.289,
p<0.01]. Patients who were under the age of 69 showed a
lower GI50 to cisplatin (Munder-69=24.81, SD=11.65 vs.
Mover-69=49.10, SD=5.07). But there were no significant
differences between the two groups of age for 5-FU,
oxaliplatin, and irinotecan. 

Tumor location. The patients were categorized into two
groups according to the tumor location; seven originated in
the right colon and three in the left colon. A one-way
ANOVA revealed a meaningful difference between the two
groups of tumor location when using oxaliplatin [F(1,
8)=3.065, p=0.118]. Patients who had tumors in the right
colon showed a lower GI50 to oxaliplatin (Mright-colon=17.85,
SD=3.66 vs. Mleft-colon=32.49, SD=23.41). But there were no
significant differences for 5-FU, cisplatin, and irinotecan. 

Stage. According to the Korean Health Insurance Review &
Assessment Service, adjuvant chemotherapy may be
administered when the risk of recurrence is high in patients
with stage II after surgery. Therefore, we categorized the 10
patients into the following two groups; the first group
included stages I-IIA and the second group included stages
IIB-IV. A one-way ANOVA revealed a significant difference
between the two groups of stage when using irinotecan [F(1,
8)=6.321, p<0.05]. Patients with stages I-IIA showed a lower
GI50 to irinotecan (Mstage I-IIA=12.52, SD=11.53 vs. Mstage
IIB-IV=30.95, SD=11.64). But there were no significant

differences between the two groups of stage when using 5-
FU, cisplatin, and oxaliplatin.

Gross type. One of the patients was excluded from the
analysis because the gross type was unknown due to stent
insertion. Nine patients were categorized into three groups
according to the tumor gross type, and only one patient was
gross type 2. A one-way ANOVA revealed a meaningful
difference across the three groups for 5-FU [F(2, 6)=4.701,
p=0.059]. Patients who had a gross type 2 (ulcerofungating)
showed the lowest GI50 to 5-FU (Mgross type 2=0.41,
SD=0.25 vs. Mgross type 1=3.10 vs. Mgross type 3=2.08,
SD=2.30). But there were no significant differences among
the three groups of tumor gross type for cisplatin, oxaliplatin,
and irinotecan. 

Comparison between drug response of organoids and actual
patients. S150, a 63-year-old male, presented to our hospital
with constipation and melena that started 20 days ago. Initial
carcinoembryonic antigen (CEA) level was higher than
normal (20.4 ng/ml) and abdominal computed tomography
(CT) showed focal increased pericolic fat stranding in the
sigmoid colon with multiple lymph node enlargements,
suggesting the presence of sigmoid colon cancer (Figure 3A).
An eight cm uncovered self-expandable metallic stent was
inserted to relieve the obstruction. MRI showed a 1.4 cm
sized LR-4 lesion in the liver segment VIII and 1.1 cm sized
LR-3 lesion in the liver segment VI (Figure 3B and C). He
underwent laparoscopic anterior resection. Pathology
confirmed the patient had moderately differentiated
adenocarcinoma. The tumor showed a high level of epidermal
growth factor receptor (EGFR) expression and no mutations
in K-Ras genes and microsatellite-stable (MSS) phenotype.
Follow up CT performed one month after surgery showed
carcinomatosis peritonei (Figure 3D). He underwent the first
cycle of Erbitux+FOLFIRI+Ferbon. About one week later, he
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Table II. Responses to chemotherapeutic agents.

No. 5-FU (mM) Cisplatin (μM) Oxaliplatin (μM) Irinotecan (μM)

GI50 R2 GI50 R2 GI50 R2 GI50 R2

S115 0.5454 0.8735 22.12 0.8141 21.9 0.9521 13.45 0.8261
S123 3.096 0.8461 42.3 0.6907 17.56 0.8493 20.47 0.3663
S126 3.705 0.9470 45.75 0.8830 22.79 0.8132 30.12 0.5561
S137 0.1962 0.9536 52.23 0.7283 17.73 0.5608 29.39 0.6901
S150 0.7791 0.7473 27.44 0.8023 59.48 0.8029 49.96 0.5437
S165 0.4568 0.8491 50.3 0.8410 20.27 0.6211 1.680 0.3972
S176 0.7476 0.8862 41.55 0.6316 16.17 0.7689 26.7 0.8376
S199 0.1919 0.9656 9.076 0.7777 12.06 0.8814 0.2956 0.8114
S222 0.5963 0.7890 54.94 0.9129 18.28 0.9264 27.06 0.8853
S236 0.1925 0.8069 23.84 0.5692 16.16 0.6477 18.2 0.6369
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Figure 3. Clinical course of S150. (A) Initial abdominal computed tomography scan showing pericolic fat stranding in the sigmoid colon, suggesting
sigmoid colon cancer. (B) Magnetic resonance imaging (MRI) showing an 1.4 cm sized LR-4 lesion in the liver segment VIII. (C) MRI showing a
1.1 cm sized LR-3 lesion in the liver segment VI. (D) Follow up CT performed one month after surgery showing carcinomatosis peritonei. 

Figure 4. Clinical course of S236. (A) Initial abdominal computed tomography (CT) scan showing probable cecal cancer with paraaortic lymph
node metastasis. (B) CT after surgery showing bone metastasis in L2. (C) Bone scan showing bone metastases in T11, L2, sacrum (right ala), and
L5. (D) Follow-up CT performed after second-line chemotherapy showing bone metastases had not progressed any further, suggesting that the
response was stable. 



was readmitted due to abdominal distention and diarrhea.
Sepsis and hepatic encephalopathy did not show improvement
and the patient expired. The S150 organoid of this patient
showed very high GI50s for irinotecan (49.96 μM) and
oxaliplatin (59.48 μM) and therefore expected to be resistant
to these drugs. It can be considered that this is consistent with
the clinical results.

S236, a 58-year-old male, had right lower quadrant
abdominal pain. Initial CEA level was very high (104.0 ng/ml)
and abdominal CT showed probable cecal cancer with
paraaortic lymph node metastasis and colonoscopy showed a
fungating mass at the cecum (Figure 4A). He underwent
laparoscopic right hemicolectomy and was diagnosed with
stage IIIC (T4N3N0). Pathology confirmed the patient had
moderately differentiated adenocarcinoma. The tumor showed
a high level of epidermal growth factor receptor (EGFR)
expression, a mutation in K-Ras gene, and MSS phenotype.
He underwent four cycles of adjuvant XELOX. However,
follow-up abdominal CT showed finding suggestive of new
appearance of bone metastasis on L2 (Figure 4B). Bone scan
confirmed bone metastases in T11, L2, sacrum (right ala), and
L5 (Figure 4C). Due to cancer progression, a second-line
chemotherapy with FOLFIRI+avastin was initiated. He
received 20 cycles of chemotherapy and is still under
treatment. He showed stable response until the recent CT
follow-up (Figure 4D). The S236 organoid showed relatively
lower GI50s of 5-FU (0.1925 mM), oxaliplatin (16.16 μM),
and irinotecan (18.2 μM). The patient presented a continuous
anticancer response after chemotherapy, which was consistent
with the anticancer drug response of organoids.

Discussion

Colon cancer is still one of the leading causes of cancer-
related mortality (1). In order to prolong life expectancy of
patients with cancer, the development and introduction of
various cytotoxic drugs and targeted agents for cancer
treatment has been actively investigated and is still ongoing.
Many researches mention CEA levels and MS instability
status as validated prognostic factors for colorectal cancer
(17). Although mutational status of K-Ras and N-Ras is used
to predict responses to immunotherapy such as cetuximab
and panitumumab, the factors for predicting responses to
chemotherapy are unknown (18). Lately, PDOs, which
overcome many of the previously mentioned limitations of
animal models or cancer cell lines (6), are increasingly used
to develop personalized cancer treatments. Wang et al. (19)
evaluated the predictive accuracy of a patient-derived tumor
organoid (PDTO) culture model for response to
chemotherapy regimens in stage IV colorectal cancer. In
addition, a pilot study of 43 PDTO culture samples from 30
patients was performed to define the half-maximal inhibitory
concentration of the response to chemotherapeutic agents.

Then, they conducted a blind study containing 96 samples
from 71 patients, of which 64 samples from 45 patients were
eligible for evaluation. Their study reported a sensitivity of
63.33%, specificity of 94.12%, and accuracy of 79.69% in
the PDTO model for predicting responses to chemotherapy
regimens. Similarly, Vlachogiannis et al. (20) reported that
PDOs showed a sensitivity of 100%, specificity of 93%,
positive predictive value of 88%, and negative predictive
value of 100% in predicting responses to targeted agents or
chemotherapeutic agents.

In metastatic colorectal cancer patients, standard-of-care
drug therapy includes 5-FU or capecitabine in combination
with either oxaliplatin or irinotecan (21, 22). However, up to
now there is no effective method in foreknowing which
patients may respond to the treatment. Therefore, recent
studies focus on finding a way to predict chemotherapy
responses in individual patients. Ooft et al. (23) suggested
that PDOs could be used to prevent cancer patients from
receiving ineffective irinotecan-based chemotherapy.
Furthermore, Luo et al. (16) examined the application of
colorectal cancer organoids in disease model construction,
basic biological research, organoid biobank construction,
drug screening and personalized medicine, drug
development, drug toxicity and safety, and regenerative
medicine. They also showed the limitations and challenges
of organoids and examined further directions of development
of organoids. In this stream of research, our study also
compared the efficacy of standard chemotherapeutic agents
for colorectal cancer using PDOs. Furthermore, we
investigated the relationship between the sensitivity to
chemotherapeutic agents and specific patient characteristics
including age, tumor location, stage, growth type, and
growth pattern. 

In summary, the first results of this study showed lowest
GI50 when the organoids were treated with 5-FU. Secondly,
based on patient characteristics, those under the age 69
showed highest sensitivity to cisplatin. Patients with cancer
located in the right colon showed highest sensitivity to
oxaliplatin. Patients with stage I-IIA were most responsive
to irinotecan. Patients with gross type 2 were most
responsive to 5-FU. Thirdly, responses to chemotherapy in
the two patients with cancer recurrence after surgery were
compared with those on organoids. One patient expired after
one cycle of chemotherapy while the other patient is still
receiving chemotherapy after 20 cycles. These clinical
outcomes were consistent with the drug responses of their
organoids. 

This study included a small sample size of 10 colorectal
cancer patients that were treated in a single institution.
Therefore, there might be some limitations in generalizing
the results derived from this study. Because the total sample
size was small, it was difficult to make detailed groupings
according to patient characteristics. Significant patient
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characteristics affecting the response to chemotherapy could
not be investigated statistically. Future investigations should
be performed with multicenter and large sized samples.
Establishing a control group such as patient-derived tumor
xenografts or patient-derived normal organoids could help
validate the predictive values of PDTOs. Overall, this study
showed that PDOs have great potential as an in vitro model
that can predict the response of patients prior to the
administration of anticancer drugs, enabling the development
of personalized anticancer therapies.
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