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ABSTRACT
Propose: Neoadjuvant chemotherapy has been widely used in locally advanced and inflamma-
tory breast cancer. Generally, complete pathological response after neoadjuvant chemotherapy
treatment predicts survival. Studies have shown that patient-derived organoids can be used in
cancer research and drug development. Therefore, we aimed to generate a living organoid bio-
bank from biopsy samples to predict the response of patients to neoadjuvant chemotherapy.
Method: We generated a living organoid biobank from locally advanced breast cancer patients
receiving neoadjuvant chemotherapy. When the patient received neoadjuvant chemotherapy,
the organoids were treated with similar drugs, thereby simulating the situation of the patient
receiving treatment.
Result: We successfully constructed organoids from breast cancer biopsies, demonstrating that
organoids can be generated from a small sample of tissue. The phenotype of breast cancer orga-
noid often agreed with the original breast cancer according to the blinded histopathological ana-
lysis of H&E stain tissue and organoid sections. In addition, our data confirm that the patient’s
response to chemotherapy closely matches the organoids’ response to drugs.
Conclusion: Our data indicate that patient-derived organoids can be used to predict the clinical
response of breast cancer patients to neoadjuvant chemotherapy in vitro and to screen drugs
that have different effects on different patients.

KEY MESSAGE

� Complete pathological response (pCR) after adjuvant chemotherapy can predict, survival,
therefore, predicting patient response to neoadjuvant chemotherapy is critical.

� Patient-derived organoids (PDOs) matched the original tumour in terms of histopathology,
hormone receptor levels and HER2 receptor status.

� Patient-derived organoids can predict the responsiveness of patient to neoadjuvant
chemotherapy.

Abbreviations: BC: Breast cancer; NAC: Neoadjuvant chemotherapy; PDOs: Patient-derived orga-
noids; BCO: Breast cancer-derived organoids; BCb: Biopsy sample-derived breast cancer organo-
ids; BCP: Breast cancer patient; pCR: Complete pathological response; ER: Oestrogen receptor;
PR: Progesterone receptor; HER-2: Human epidermal growth factor receptor 2; TNBC: Triple-
negative breast cancer; LGR5: G protein-coupled receptor 5þ; BME: Cultrex Reduced Growth
Factor Basement Membrane Extract
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1. Introduction

Breast cancer (BC) is the most diagnosed cancer glo-

bally and has the highest death rate among cancers

affecting females [1,2]. BC can be divided into three

subtypes based on the hormone receptor status and

the expression of human epidermal growth factor
receptor 2 (HER2) and proliferation marker Ki67 as fol-
lows: hormone receptor-positive luminal BC, primarily
treated with endocrine therapy; HER2-positive BC,
mainly treated with adjuvant chemotherapy combined
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with anti-HER2 antibodies such as trastuzumab and
patolizumab; and oestrogen receptor (ER), progester-
one receptor (PR), and human epidermal growth factor
receptor 2 (HER2) expression-negative (triple-negative;
TNBC) BC, mainly treated with adjuvant chemotherapy
[3–6]. TNBC does not respond well to targeted therapy
and endocrine therapy [7]. Surgery and chemotherapy
are the main treatments for most TNBC patients.

Compared with traditional postoperative adjuvant
therapy, systemic adjuvant therapy before surgery,
namely, neoadjuvant therapy, is a new treatment
model. The initial purpose of neoadjuvant chemother-
apy (NAC) for operable BC is to reduce the tumour
stage, achieve local control and increase the conserva-
tive operation rate. Another significant advantage of
using NAC is the early identification of unresponsive
tumours, predicting the sensitivity of new drugs in the
body and promoting the development of new medi-
cines and clinical trials [8]. According to reports, after
NAC, the overall survival rate of BC patients who
achieve a complete pathological response (pCR) is
much higher than that of patients with residual dis-
ease. Whether patients achieve pCR after neoadjuvant
chemotherapy is closely related to the survival rate [9];
however, the drug resistance mechanism of BC
patients with residual disease after neoadjuvant
chemotherapy is not fully understood. In recent deca-
des, the survival rate of BC patients has increased sig-
nificantly. In addition to early diagnosis, surgical
treatment, radiotherapy, and chemotherapy, individu-
alized and precise comprehensive treatment has led
to high cure and survival rates [10]. Despite the differ-
ences between different species and differences
between in vivo and in vitro environments, research
into the biological behaviour of tumours remains at
the level of traditional tumour cell lines and animal
models, which complicates the application of high-
throughput genomics in clinical practice and research.

Over the past few decades, our understanding of the
origin of cancer has dramatically increased. Although
significant progress has been made in treating certain
types, cancer remains a significant health problem
worldwide [11]. Screening examinations and early detec-
tion methods can reduce the number of deaths from
cancer. In addition, new and more targeted individual-
ized therapies provide patients with more effective treat-
ment opportunities. However, one of the main obstacles
to developing new treatment options is the challenge of
translating scientific knowledge from experimental plat-
forms into clinical practice. This complication mainly
arises to the failure of many cancer models to recapitu-
late patient tumours [12]; therefore, many drugs that

perform well in cancer models eventually fail in clinical
trials [13]. Although animal-derived cancer models pro-
vide many opportunities for basic cancer research, devel-
oping these models is time-consuming. Additionally,
studies have shown that these models usually do not
faithfully reflect the course of the disease in humans
[14]. For example, the complexity and genetic hetero-
geneity of human cancer histology are generally not
reflected in genetically modified mouse models [15].

Recently developed 3D cell culture technology has
generated more novel and physiologically meaningful
human healthy tissue and cancer models. Tissue-derived
human stem cells can be used to efficiently grow tissue-
derived organ-type structures, referred to as organoids, in
a 3D culture matrix. In 2009, Sato et al. [13] demon-
strated that 3D epithelial organoids can be established
from a single G protein-coupled receptor 5þ (LGR5) intes-
tinal stem cell rich in leucine repeats [16–18]. Using this
culture method, a variety of organoids were cultivated,
including colon [19,20], liver, pancreas [21], prostate
[22,23], stomach [24], fallopian tube [25], taste bud [17],
salivary gland [26], oesophagus [27], lung [28], and endo-
metrium [29] and breast organoids [30]. Studies have
shown that organoids can be cultured for a long time,
undergo freezing and genetic modification and remain
genetically and phenotypically stable. This characteristic of
organoids allows them to be widely applied in cancer
research [31].

To date, many organoids have been developed
from patient-derived tumours and matched healthy
tissues, and an organoid library has been constructed.
These organoids can be used to predict whether indi-
vidual patients will respond to a drug [30,32,33].

2. Materials and methods

2.1. Experimental design

The biopsies obtained from patients hospitalized at
the First Affiliated Hospital of Chongqing Medical
University who met the criteria of neoadjuvant chemo-
therapy after ultrasound or mammography and patho-
logical examinations were used to establish a biobank
of patient-derived organoids (PDOs).

2.2. The patient’s neoadjuvant chemotherapy
regimen is shown in Table 1

The histopathology and morphology of PDOs were
characterized in detail and compared to their parental
tumours, demonstrating high similarities between the
two. It mainly reaches whether PDO, as a “carcinoid
model”, is consistent with the patient’s clinical
response in terms of chemotherapy response or how
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much consistency is it? The researchers were blinded
to the patients’ responses to avoid biases.

2.3. Establishment and culture of PDOs from
BC samples

BC biopsy samples were obtained with informed con-
sent from patients suspected of having BC who
required neoadjuvant treatment from Jun 2020 to
December 2020. A total of 17 biopsy samples were
collected (Figure 1(A)). Given that most patients with
triple-negative breast cancer or HER2-positive breast
cancer and patients with axillary lymph node metasta-
sis usually receive neoadjuvant treatment before surgi-
cal resection, the PDO biobank is a valuable resource.
It is worth noting that at the time of writing this
manuscript, 15 patients had undergone surgery, and
tumour pathology assessments were available. One
patient was lost to follow-up. One patient was treated
with an NP (gemcitabine combined with cisplatin)
regimen due to bone and liver metastasis and did not
receive surgery.

The collected biopsy specimens were placed in a
15ml centrifuge tube containing 10ml AdDFþþ
(Thermo Fisher Scientific), transported to the labora-
tory in an icebox for tumour cell isolation and culture,
aspirated in a 15ml centrifuge tube, transferred to an
empty dish and weighed (x). The sample was then
transferred into a small dish containing 10ml
AdDFþþ, and the weight of the empty dish (y) was
used to determine the weight of the tumour
(x-y¼___).

The tumour was cut into small pieces with a diam-
eter of 1–3mm. The tumour block was divided into
three parts. Two parts were placed into liquid nitrogen
immediately after harvest for subsequent whole-
exome sequencing and transcriptome sequencing. The
other parts were used for tumour organoid construc-
tion. A Pasteur pipette was used to transfer the small

piece of tissue into a 15ml centrifuge tube containing
10ml AdDFþþ; the tube was then centrifuged (300 g,
5min) and the fragments were digested in digestion
medium (advanced DMEM/F12 with 1M Hepes
(Invitrogen) and 1X GlutaMax (Invitrogen), Pen/Strep
(Invitrogen), 1mg/ml collagenase (Sigma) and 5mM
RHOK inhibitor ly27632 (Sigma-Aldrich, Y0503) at 37 �C
with shaking for 60 or 90min. Samples derived from
resected tumours were filtered through a 70lm cell
strainer and centrifuged at 300 g for 5min. Dissociated
cells were collected in Advanced DMEM/F12 (Gibco),
pelleted (1200 rpm, 5min), resuspended in 40ll
Cultrex Reduced Growth Factor Basement Membrane
Extract (BME), Type 2 (R&D Systems), and seeded into
Matrigel in a well of a pre-warmed 24-well flat-bottom
cell culture plate (Corning). Then, the cells were incu-
bated for 20min in a 37 �C and 5% CO2 cell incubator
to solidify the Matrigel and were subsequently over-
layed with 400 ll of complete human organ culture
medium. The complete medium was refreshed every
four days. PDOs were observed and photographed
as required.

Organoids were typically passaged every one to
two weeks. Passaging of PDOs was performed using
TrypLe (Gibco). The PDO supernatant was aspirated,
PBS was added to wash the PDO, and 1� TrypLe
(including 1� Y27) was used to mechanically harvest
the PDO from the Matrigel (pipetting) followed by
incubation at 37 �C for 5–10min. Then, the PDO was
dissociated into smaller cell clusters by applying
mechanical force (pipetting), precipitated (300 g,
5min) with AdFþþþ10% FBS and resuspended in
BME Matrigel according to the cell growth state to
adjust the passaging ratio.

2.4. Human PDO culture medium

Human PDOs were cultured in Advanced DMEM/F12
medium containing HEPES, penicillin/streptomycin,

Table 1. Neoadjuvant chemotherapy regimen.
Treatment programs Composition Concentration in vitro Dose in vivo

TCb-HP Docetaxel 0, 0.001, 0.01, 0.1, 1, 10lM 75mg/m2

Carboplatin 0, 0.001, 0.01, 0.1, 1, 2, 4, 8, 16, 32lM AUC6
Trastuzumab – The first dose is 8mg/kg, then 6mg/kg
Pertuzumab – The first dose is 840mg, then 460mg

THP Docetaxel 0, 0.001, 0.01, 0.1, 1, 10lM 75mg/m2

Trastuzumab – The first dose is 8mg/kg, then 6mg/kg
Pertuzumab – The first dose is 840mg, then 460mg

TCbH Docetaxel 0, 0.001, 0.01, 0.1, 1, 10lM 75mg/m2

Carboplatin 0, 0.001, 0.01, 0.1, 1, 2, 4, 8, 16, 32lM AUC6
Trastuzumab – The first dose is 8mg/kg, then 6mg/kg

TAC Docetaxel 0, 0.001, 0.01, 0.1, 1, 10lM 75mg/m2

Anthracyclines 0, 0.001, 0.01, 0.1, 1, 2, 4, 8, 16, 32lM 50–100mg/m2

Cyclophosphamide – 600mg/m2

Note: The chemotherapy regimen for breast cancer patients requiring neoadjuvant chemotherapy in the First Affiliated Hospital of Chongqing Medical
University. And the drugs used in the in vitro experiments with their concentrations.
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Glutamax, B27, R-spondin 1, neuregulin 1, FGF7, FGF10,
Noggin, n-acetylcysteine, nicotinamide, primocin, Y-
27632, a selective inhibitor of TGF-bRI, ALK4, ALK7, p38
inhibitor and EGF. Detailed information regarding the
cell culture medium is shown in Table 2.

2.5. 3D PDO drug assays

PDOs were harvested according to the above passage
procedure and digested to an appropriate size as
opposed to dissociating into a single-cell suspension.
The cell pellet was resuspended in 500 ll of advanced

Figure 1. Study design and construction of BC organoids. (A) Flow diagram of the study, including clinical neoadjuvant chemo-
therapy before surgery and drug tests on organoids. (B) The puncture tissue of the patient obtained by the core puncture under
the guidance of colour Doppler ultrasound is 1–2 cm strip shape. (C) Neoadjuvant chemotherapy regimen of patients with differ-
ent kind of subtype. (D) Successful cultivation of biopsy samples of different subtypes.
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DMED/F12, the cells were counted with a Countess
automatic cell counter (Thermo Fisher Scientific), and
appropriate cell dilutions were made in BME Matrigel.
Twenty microliters of 50% BME Matrigel (diluted with
organoid complete culture medium) containing
3500–5000 cells were seeded in standard 96-well cell
culture plates (Corning), and the plates were incu-
bated for 20min in a 37 �C and 5% CO2 cell culture
incubator to solidify the Matrigel. Then, the Matrigel
was covered with 50ll of complete human organoid
medium. The complete media was replaced once after
two days.

Two days after inoculation, the medium was
removed and replaced with 50 ll of whole human
organoid medium containing the drug. A total of
three drugs were used in this experiment, docetaxel,
carboplatin and epirubicin. The concentration gradient
of the different drugs was set based on pre-experi-
mental results from breast cancer cell lines. Both
HER2-positive and HER2-negative BC patients receive
preoperative adjuvant treatment with docetaxel. In the
organoid drug sensitivity test, the concentration gradi-
ent of docetaxel as a single agent was 0 mM, 0.001 mM,
0.01 mM, 0.1 mM, 1 mM and 10 mM. The concentration of
docetaxel used when the drug was combined with
carboplatin or anthracycline was 0.1 mM. The concen-
tration gradient of carboplatin used for HER2-positive
organoids was as follows: 0 mM, 0.001 mM, 0.01mM,
0.1 mM, 1 mM, 2 mM, 4 mM, 8mM, 16mM and 32mM. The
concentration gradient of epirubicin used for HER2-
negative organoids was: 0 mM, 0.001 mM, 0.01mM,
0.1 mM, 1 mM, 2 mM, 4 mM, 8 mM, 16mM and 32 mM.
Based on the growth rate of various organoid cultures,
the drug-containing medium was changed every three
days to provide the cytokines/additives required for
organoid growth. At the end of the treatment (after

six days), the medium was removed and replaced with
100 ll of complete human organoid medium contain-
ing 50% CellTiter-Glo3D Cell Viability Assay (Promega).
The contents were mixed vigorously for 5min to
induce cell lysis and then incubated at room tempera-
ture for an additional 25min to stabilize the lumines-
cent signal. Luminescence was recorded using a
microplate reader for chemiluminescence. The drugs
used in the in vitro experiments and their concentra-
tions are shown in Table 1.VR

2.6. Pathological evaluation system after NAC

Currently, commonly used pathological assessment
systems include the Miller–Payne (MP) system, the
RCB system, the Sataloff system and AJCC ypTNM
staging. The Pathology Department of the First
Affiliated Hospital of Chongqing Medical University
mainly uses MP grading to evaluate NAC treat-
ment effects

(MP grade) Evaluation of surgical specimens. The
definition of tumour grade according to the MP sys-
tem is listed in Table 3 [34].

2.7. Recist 1.1

We evaluated the efficacy of adjuvant chemotherapy
based on the postoperative pathological examination
of the patient and simultaneously assessed the change
in tumour burden in conjunction with the RECIST 1.1
system shown in Table 4.

2.8. Complete pathological response (pCR)

Complete pathological response (pCR) can be used as
a surrogate marker to predict the prognosis of BC
patients after NAC. The FDA (Food and Drug

Table 2. The main components of human PDO culture medium.
Regent name Company Cat No. Stock solution Solvent Final concentration

Advanced DMEM/F12 Gbico 10565018 – – 1�
Penicillin/streptomycin thermo 15140122 100� – 100 U�ml�1 / 100mg�ml�1

Hepes Sigma H3784-500G – ddH2O 10mM
GlutaMax 100� Invitrogen 12634034(35050061) 100� – 1�
B27 supplement Gibco 17504044 50� – 1�
R-Spondin 1 Peprotech 120-38-100 250 ng�ul�1 PBS 250 ng�ml�1

Neuregulin 1, recombinant human Heregulin beta 1 Peprotech 100-03-50 5 lM PBS 5 nM
FGF 7, recombinant human KGF Peprotech 100-19-50 5 ng�ul�1 PBS 5 ng�ml�1

FGF 10 Peprotech 100-26-50 20 ng�ul�1 PBS 20 ng�ml�1

Noggin Peprotech 120-10C-50 100 ng�ul�1 PBS 100 ng�ml�1

N-Acetylcysteine Sigma A9165-5g 1.25 M PBS 1.25mM
Nicotinamide Sigma N0636 5 M PBS 5mM
Primocin Invivogen ant-pm-1 50 ng�ul�1 PBS 50mg�ml�1

Y-27632 stemcell 72304 5 M PBS 5mM
A83-01 Stemcell 72022 5 M DMSO 500 nM
SB202190 Sigma S7067 5 M DMSO 500 nM
EGF, human epidermal growth factor Peprotech AF-100-15-100 5 ng�ul�1 PBS 5 ng�ml�1

Note: The main components of human PDO culture medium and their concentration, including some important cytokines.
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Administration) recommends yPT0/Tis yPN0 (i.e.
absence of invasive tumour cells in the breast and the
nodes) as the definition of pCR. The definition of pCR
is based on the absence of invasive tumours at the
primary site, even if ductal carcinoma in situ is pre-
sent [35].

2.9. PDO/tissue histology, immunohistochemistry

To maintain the 3D structure of PDOs and dissolve
the Matrigel, we incubated PDOs with 1ml of Cell
Recovery Solution (Corning) at 4 �C for 30min. Then,
the PDOs were collected in cold PBS, precipitated
(300 g, 4min, 4 �C) and fixed in 4% paraformaldehyde
(Sigma-Aldrich) overnight. After fixation, the PDOs
were washed with PBS, precipitated (300 g, 4min,
4 �C), then resuspended in 40 ml histogel (Thermo sci-
entific). The histogel containing the PDO precipitate
was transferred to a cylindrical grinding tool, and after
the tissue had solidified, 100 ml 1% agarose was added
to coat the histogel. The agarose pellet was dehy-
drated with ethanol (EtOH) and embedded in paraffin
using standard histological protocols. These deparaffi-
nized organoid sections were then analysed using HE
and immunohistochemistry staining.

Before HE and immunohistochemistry staining, 4-mm
thick sections were dewaxed in xylene, rehydrated in
decreasing ethanol concentrations, and washed with
water. For histological analysis, the sections were stained
with haematoxylin and eosin. Immunohistochemistry
was performed to measure Ki-67, ER, PR and Erb-B2
expression (Table 5). Cells were then incubated with
EDTA (sodium citrate) antigen retrieval solution (Solabio
C1032). Endogenous peroxidase blockers were used for
blocking, and the cells were incubated in a humid cham-
ber at room temperature for 10–15min (generally
15min). Then, the sections were incubated with primary
antibodies diluted with antibody diluent (ZSGB-BIO ZLI-
9028) overnight at 4 �C. The primary antibodies and their
concentrations used for immunohistochemistry are listed
in Table 5.

After rinsing with PBS, the sections were incubated
with secondary antibodies (ZSGB-BIO SP-9002, SP-
9001) for 30min at room temperature. Then, sections
were stained with haematoxylin. Finally, the areas
were dehydrated and made transparent in increasing
concentrations of ethanol and xylene and covered
with 60% neutral gum (diluted with xylene). HE and
immunohistochemistry images were obtained with an
upright microscope.

Table 3. Miller–Payne (MP) system.
Miller and Payne

Grade 1 No change or some alteration to individual malignant cells but no
reduction in overall cellularity

Grade 2 A minor loss of tumour cells but overall cellularity still high; up to
30% loss.

Grade 3 Between an estimated 30% and 90% reduction in tumour cells.
Grade 4 A marked disappearance of tumour cells such that only small clusters or

widely dispersed individual cells remain; more than 90% loss of
tumour cells.

Grade 5 No malignant cells identifiable in sections from the site of the tumour;
only vascular fibroelastotic stroma remains often containing
macrophages. However, ductal carcinoma in situ (DCIS) may
be present.

Note: Use the Miller–Payne (MP) system to evaluate the efficacy of neoadjuvant chemotherapy.

Table 4. RECIST 1.1 system.
RECIST 1.1

Grade Full name Description

CR Complete response Disappearance of all target lesions.
Any pathological lymph nodes (whether target or non-target) must have
reduction in short axis to <10mm

PR Partial response At least a 30% decrease in the sum of diameters of target lesions,
taking as reference the baseline sum diameters.

PD Progressive disease At least a 20% decrease in the sum of diameters of target lesions,
taking as reference the smallest sum on study (this includes the baseline
sum if that is the smallest on study). In addition to the relative increase of
20%, the sum must also demonstrate an absolute increase of at least 5mm
(note: the appearance of one or more new lesions is also considered
progression).

SD Stable disease Neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify
for PD, taking as reference the smallest sum diameters while on study.

Note: Use the RECIST 1.1 system to evaluate the efficacy of neoadjuvant chemotherapy.
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HE stains and immunohistochemistry of core biopsy
samples and samples after neoadjuvant chemotherapy
were obtained from the pathology department of the
First Affiliated Hospital of Chongqing Medical
University. Experimenters were blind to the pathology
results during the histological analysis of the organoid.
Pathologists also do not have prior knowledge of the
experimenter’s histological analysis results.

2.10. Statistics

Quantitative variables are presented as the mean± SD.
Data analyses were conducted using GraphPad
Prism 8.4.0.

3. Results

3.1. Establishing BC organoids from
biopsy samples

With the patient’s informed consent, we obtained hol-
low needle biopsy samples from patients expected to
receive neoadjuvant chemotherapy, removed the nor-
mal tissue, and separated the breast cancer cells
through physical and mechanical disruption and
chemical and enzymatic digestion. The isolated cells
were seeded into BME droplets in pre-treated 24-well
plates and covered with 400 ml complete breast cancer
organoid medium (Figure 1(A)).

From June 2020 to December 2020, a total of 17
BC biopsy specimens were collected. The patients
included those who did not require modified radical
mastectomy and NAC due to benign pathological find-
ings, those who needed modified radical mastectomy
but not NAC, and those who were needed to receive
NAC. Approximately 1–2 cm of tissue is taken for
biopsy depending on the size of the tumour (Figure
1(B)); according to the clinical guidelines of the
Chinese Society of Clinical Oncology, breast cancer
patients who meet one of the following five condi-
tions can choose preoperative neoadjuvant drug treat-
ment: large mass (>5 cm); axillary lymph node
metastasis; HER-2 positive tumour; triple-negative
tumour and tumour too large to preserve breast in a
patient with a desire to undergo breast-preserv-
ing surgery.

Among the 17 patients whose biopsy tissues were
collected, 1 patient had a benign tumour that did not
require modified radical mastectomy. Five patients did
not require NAC before surgery. Eleven patients
required NAC, and five organoids were successfully
constructed from their tissue biopsies (Figure 1(C)).
According to the BC subtype analysis, among the five
successfully created BC organoids, two originated from
TNBC, two from HER2þ BC and one from hormone
receptor-positive BC (Figure 1(D)). Hence, these five
organoid lines were used for the clinical valid-
ation study.

3.2. Long-term passage of organoids in vitro and
maintenance of tumour heterogeneity

Some organoids lose their viability during culture and
passage; therefore, we consider organoids that can be
successively passaged for more than three generations
but not more than 20 generations as successful con-
struction. In the early passages, the organoids mainly
existed as single cells or small cell clusters, and cell
clusters were more commonly observed in thin-walled
cysts; in the late passages, the humanoid cell clusters
were larger and more compact (Figure 2(A)). To explore
whether the constructed organoids could be passaged
stably for a long time, we observed the growth morph-
ology of the organoids and detected the survival rate
every two days using the CellTiter-Glo 3D cell viability
assay. As the culture time increased, organoid growth
persisted (Figure 2(A,B)). However, compared with cell
lines, PDOs grow more slowly in the early stages.

Consistent with the heterogeneity of patient tumours,
we observed that the morphology of individual BCOs
was different, although normal organoids always demon-
strated a cystic phenotype. The organoids derived from
BCP21 manifested as solid organoids, while those
derived from BCP22 were cystic, and those from BCP27
were “grape-shaped” (Figure 2(C)).

Next, we evaluated the response of different patients
to NAC. Patients who received NAC received modified
radical mastectomy after chemotherapy and colour ultra-
sound evaluation. Surgical specimens were collected after
chemotherapy, and the pathology department of the
First Affiliated Hospital of Chongqing Medical University
assessed whether the patient had achieved complete

Table 5. The primary antibodies and their concentrations used for immunohistochemistry.
Target Company Cat no. Source Dilution

ERa (oestrogen receptors) Santa Cruz Biotechnology sc-71064 Mouse 1:50
PR (progesterone receptor) Proteintech 66300-1-lg Mouse 1:1000
HER-2/c-erb-B2 Cell Signalling 4290 Rabbit 1:400
Ki-67 Proteintech 27309-1-AP Rabbit 1:8000
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pathological response (pCR), which was defined as a pri-
mary tumour with no invasive cancer. The regional
lymph nodes were negative (ypT0/Tis ypN0).

The surgical tissue evaluation revealed that, among
the patients from whom the five successfully con-
structed organoids were derived, two patients
achieved pCR after NAC. The bright-field images of
the biopsy organoids and HE stain showed that the

two specimens that responded well to chemotherapy
showed “grape-like” cell clusters. HE stain of the post-
operative tissues showed the tumours of patients who
achieved pCR did not cross the myoepithelial cell
layer. Cells and basement membranes entered the sur-
rounding interstitial tissue. However, there was no
infiltration of cancer cells into the adjacent tissues, or
only a few cancer cells were seen (Figure 2(D)).

Figure 2. Long-term passage of organoids in vitro and maintain tumour heterogeneity. (A) Bright field shows the morphology of
organoids with different passage times and the proliferation ability of organoids. Scale bar, 250mm. (B) The proliferation curve of
organoids tested by CellTiter-Glo 3D cell viability assay proves that the cultured organoids can survive and inherit for a long time.
(C) The morphology of individual BCOs with different subtype. Scale bar, 100mm. (D) Morphological characteristics of tumour tis-
sue and organoids of patients who achieved pCR. The HE stain of puncture samples and surgery tissues of patients who reached
pCR after neoadjuvant chemotherapy, Scale bar, 100mm.
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Overall, these results indicate that organoids from
BC biopsy tissue can be passaged and survive for a
long time in vitro; therefore, biopsy-derived organoids
could be used to predict patient responses to NAC.

3.3. Histological characterization of BC organoids

Most BCOs were determined to be malignant due to
cell and nuclear atypia, such as typical cancerous fea-
tures, enlarged nuclei and polymorphisms, high
mitotic activity, apoptosis and vacuole formation
(Figure 3(A,B)).

In addition to the histological features visible by HE
stains, representative BCOs should retain the expres-
sion of the most critical and common breast cancer
biomarkers, such as oestrogen receptor (ER), proges-
terone receptor (PR), antigen Ki-67 and human epider-
mal growth factor receptor (HER2). The ER and PR
status could predict the outcome of hormone/endo-
crine therapy, while the level of HER2 could predict
the outcome of targeted therapy [36,37]. Our immuno-
histochemistry results showed that hormone receptor
(HR) and HER2 status remained unchanged in most
breast cancer tissues and PDOs. In this study, hormone
receptor (HR)-negative tumours produced HR-negative
organoids, and HR-positive tumours produced HR-posi-
tive tumour organoids (Figure 3(A)). HER2 status was
preserved in BC tissues and organoids (Figure 3(B)).
Due to the small sample size, 100% of breast cancer
biomarkers in the tissue were retained.

In summary, we found that most BCOs matched
the original tumour in terms of histopathology, hor-
mone receptor levels and HER2 receptor status.

3.4. Response of human epidermal growth factor
receptor-2 (HER-2)-positive PDOs to docetaxel and
carboplatin

Five patients from whom biopsy tissues were collected
received NAC according to the BC clinical guidelines
of the Chinese Society of Clinical Oncology. The clin-
ical information and data regarding these five patients
(BCP20-22, BCP27, BCP30) are summarized in Table 1.
The biopsy results of BCP21 and BCP22 revealed HER-
2 positivity, and they received TCb and TCbHP (T:
paclitaxel, Cob: carboplatin, H: trastuzumab, P: epratu-
zumab) schemes, respectively. The specific treatment
plans are shown in Table 1.

The organoids derived from the biopsy tissue of HER-2-
positive patients were exposed to the same drugs adminis-
tered to the patients. Since no HER-2 monoclonal antibody
was used in this study, HER-2-positive organoids were only

exposed to docetaxel and carboplatin. To assess the
response of organoids to docetaxel and carboplatin, we
observed changes in the size of organoids and the growth
of the spheroids after the dynamic administration of doce-
taxel and carboplatin (Figure 4(A,C)). Then, the number of
surviving cells was quantified by the CellTiter-Glo 3D cell
viability assay to verify the responsiveness of the organoids
to the drugs (Figure 4(B,D)). As shown in Figure 4(A,B), after
treatment with different concentrations of docetaxel for six
days, the size and morphology of BCb21 and BCb22 orga-
noids did not change. The survival rate of the two organo-
ids was subsequently observed to be greater than 50%.
The responsiveness of carboplatin treatment was also
assessed, as shown in Figure 4(C,D), after six days of treat-
ment with different concentrations of carboplatin, the size
and morphology of BCb22 organoids was not significantly
changed, while the cell clusters of BCb21 organoids
decreased, the colour darkened, and the cell mass lysed
into individual cells. The CellTiter-Glo 3D cell viability assay
showed that after treatment with different concentrations
of carboplatin, the sensitivity of BCb22 organoids to carbo-
platin was significantly greater than that of BCb21 organo-
ids. We compared the IC50 values of the two organoids to
carboplatin and found that the logIC50 values of BCb21
and BCb22 were 16.90mM and �1.299mM, respectively
(Figure 4(D)). The IC50 of the former was more than five
times larger than that of the latter.

We observed that HER2-positive organoids were
insensitive to the paclitaxel drug docetaxel through
in vitro experiments. BCb22 was sensitive to carbopla-
tin, while BCb21 was resistant to carboplatin.

Next, we matched the organoid drug sensitivity data
with the patient’s clinical results. According to pathology,
ypT0/Tis ypN0 is generally defined as pCR; ductal carcin-
oma in situ may remain in the breast after chemother-
apy, but no residual cancer cells in the axillary lymph
nodes can be present. According to the assessment of
postoperative tissues by the Department of Pathology,
the First Affiliated Hospital of Chongqing Medical
University, BCP22 reached pCR after NAC, while BCP21
did not. Thus, among HER-2-positive patients, the
response of the tissue-derived organoids to the drugs
was consistent with the patients’ clinical response.

3.5. Response of organoids from patients
receiving the TAC regimen to NAC

According to the classification of molecular subtypes,
the biopsy, and pathological results of BCP20 and
BCP27 showed that their tumours were negative for HR
and HER-2, indicating TNBC. The pathological results of
BCP30’s biopsy revealed ER positivity (60%), weak PR
positivity (2%) and Ki67 positivity (40%). This patient’s
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cancer axillary lymph node biopsy was also positive. All
these patients received NAC with a TAC regimen (T:
paclitaxel, E: anthracycline, C: cyclophosphamide). The
specific treatment plans are shown in Table 1.

While the patients received TAC for four to
sixmonths, the organoids derived from these patients
could not be assessed for cyclophosphamide respon-
siveness as this drug can only be metabolized in vivo;

thus, our drug sensitivity test was limited to docetaxel
and anthracyclines (epirubicin).

To observe the response of the organoids to doce-
taxel and epirubicin, we assessed the changes in orga-
noid size and the growth of spheroids after dynamic
administration of docetaxel and epirubicin (Figure
5(A,C)). CellTiter-Glo 3D cell viability measurements
were directly compared to verify the organoid size

Figure 3. Histological characterization of BC organoids. (A,B) Immunohistochemical comparison of tissues of luminal B and Her2þ
breast cancer patients after neoadjuvant chemotherapy and organoids of biopsy specimens before neoadjuvant chemotherapy.
Tissues generally present tumour epithelium surrounded by mesenchymal and inflammatory cells, while organoids are exclusively
epithelial with tumour cell organization being remarkably well conserved (HE). ER, PR, HER2 status and proliferation index of ori-
ginal BCs are similarly well retained in the derived organoid lines. Scale bar, 100mm.
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Figure 4. Sensitivity of PDOs derived from puncture tissues to docetaxel and carboplatin in patients with HER2-positive breast
cancer. (A,C): The bright field shows the changes in the size and status of HER2-positive organoids after treatment with different
drug concentrations of docetaxel (A) and carboplatin (C) (the upper row represents the organoids not treated with the drug, and
the lower row represents the organoids treated with different drug concentrations for six days). Scale bar, 150mm. (B,D): The line
graph shows the survival of HER2-positive organoids treated with different drug concentrations of docetaxel (B) and carbopla-
tin (D).
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measurement (Figure 5(B,D)). As shown in Figure
5(A,B), after treatment with different concentrations of
docetaxel for six days, the size and morphology of
BCb20, BCb27 and BCb30 organoids did not change.

The CellTiter-Glo 3D cell viability determination
revealed that the survival rate of the two organoids
was greater than 50%. As shown in Figure 5(C,D), after
six days of treatment with different concentrations of

Figure 5. Sensitivity of PDOs derived from HER2-negative breast cancer patients to docetaxel and anthracyclines. (A,C): The bright
field shows the changes in the size and status of HER2-negative organoids after treatment with different drug concentrations of
docetaxel and epirubicin (the upper row represents the organoids treated without the drugs, and the lower row represents the
organoids treated with different drug concentrations for six days). Scale bar, 150mm. (B): The line graph shows the survival rate
of HER2-negative organoids treated with different drug concentrations of docetaxel and epirubicin. (D): Comparison of the sensi-
tivity of HER2-negative organoids from the biopsy sample to epirubicin, and the logIC50 of each type of organoid to epirubicin.
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epirubicin, the size and morphology of BCb27 organo-
ids did not change significantly, while the cell clusters
of BCb20 organoids decreased, the colour became
darker, and the cell mass lysed into individual cells.
The CellTiter-Glo 3D cell viability assay showed that
after treatment with different concentrations of epiru-
bicin, the sensitivity of BCb27 and BCb30 organoids to
epirubicin was significantly higher than that of BCb20
organoids. The logIC50 values of BCb20, BCb27, and
BCb30 were �0.3728 mM, 26.7300 mM and 0.1719 mM,
respectively (Figure 5(D)). The IC50 of BCb27 and
BCb30 was more than five times higher than that
of BCb20.

The in vitro experiments suggest that organoids
derived from triple-negative and luminal B-type BCs
responded in the same manner as the parental
tumours and the HR-positive organoids were not sen-
sitive to docetaxel. BCb20 was sensitive to epirubicin,
and BCb27 and BCb30 were resistant to epirubicin.

Next, we matched the organoid drug sensitivity
data with the patient’s clinical results. The pathological
evaluation results of the Pathology Department of the
First Affiliated Hospital of Chongqing Medical
University showed that BCP20 achieved pCR after
receiving TAC NAC, while BCP27 and BCP30 did not.
In summary, the clinical response of the TNBC and
HRþpatients was consistent with the response of tis-
sue-derived organoids to drugs.

3.6. Responsiveness of PDOs to combination
medications

Breast cancer patients who meet the indications for
NAC are typically administered multidrug combina-
tions or NP sequential therapy when undergoing pre-
operative chemotherapy. Therefore, we also tried to
match the clinical treatment plan for assessing BC
organoid responses to drugs. TCbHP, TCBH, or THP
regimens are often administered to HER2þ BC
patients. Due to the lack of monoclonal antibodies,
we used paclitaxel in combination with carboplatin
to mimic the preoperative novelty of HER2-positive
BC patients’ NAC. TAC is often used clinically for BC
patients who are negative for HER-2 to reduce
tumour staging, rapidly reduce tumour volume and
increase breast-conserving opportunities. For HER2-
negative breast cancer patients, preoperative adju-
vant endocrine therapy and adjuvant immunotherapy
are rarely performed clinically. Therefore, for organo-
ids derived from HER2-negative breast cancer, we
used anthracyclines combined with paclitaxel to treat
simulated patients with neoadjuvant chemotherapy.

For HER2-positive PDOs, as shown in Figure 6(A,B),
the changes in organoid size and the growth of
spheroids after docetaxel combined with carboplatin
were dynamically observed. When using 0.1 mM doce-
taxel combined with different concentrations of car-
boplatin for six days, the size and morphology of
BCb21 cells did not change. The CellTiter-Glo 3 D cell
viability assay showed that the LogIC50 of BCb21
was 4.6860 mM.

In contrast, cell spheres in BCb22 organoids treated
with 0.1 mM docetaxel combined with different con-
centrations of carboplatin for six days did not increase
and in some cases, the cell clusters broke down into
single cells. The colour of the organoids darkened,
and the CellTiter-Glo 3D cell viability assay indicated
that the LogIC50 of BCb21 was �0.3616 mM. Thus, in
agreement with the monotherapy results, BCb21 was
resistant to docetaxel combined with carboplatin,
while BCb22 was sensitive to the combined treatment.
As shown in Figure 6(C,D), we dynamically observed
the changes in organoid size and the growth of
spheres after treatment with anthracyclines combined
with paclitaxel. When we treated the organoids with
0.1 mM docetaxel combined with different concentra-
tions of epirubicin, after six days, the size and morph-
ology of BCb27 and BCb30 cells did not change. The
CellTiter-Glo 3D cell viability assay showed that the
logIC50 values of the two were 2.2550 mM and
1.8730 mM, respectively.

In contrast, in the observation of BCb20, after using
0.1 mM docetaxel combined with different concentra-
tions of epirubicin to treat the organoids for six days,
the organoid cell spheres did not increase, and in
some cases, the cell clusters broke down into individ-
ual cells. The colour of the cells darkened, and the
CellTiter-Glo 3D cell viability assay indicated that the
logIC50 of BCb20 was 0.3203 mM. Thus, consistent with
the results observed with the monotherapy, BCb27
and BCb30 were resistant to anthracycline combined
with docetaxel, while BCb20 was sensitive to the com-
bined treatment.

Comparing the clinical responses with the results of
the in vitro experiments, we concluded that our
in vitro treatment data were consistent with the
patient’s clinical responsiveness (Figure 6(E)). In add-
ition, our data showed that when the patient’s tumour
organoids were sensitive to at least one of the two
therapeutic components, the patient achieved an
excellent clinical response. Therefore, it may be pos-
sible to use organoids to test patient responses to
monotherapy and predict the drug sensitivity of
patients receiving NAC or adjuvant chemotherapy.
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Figure 6. Patient-derived organoids show different sensitivities to the combination of epirubicin and docetaxel and the combin-
ation of carboplatin and docetaxel. (A,C): The bright field shows the changes in the size and status of organoids treated with dif-
ferent drug concentrations of carboplatin and 0.1lM docetaxel (the upper row represents the organoids without drug treatment,
and the lower row represents the organoids treated with different drug concentrations for six days). Scale bar, 150mm. (B): The
line graph shows the survival rate and IC50 of carboplatin combined with docetaxel in the treatment of HER2-positive organoids.
(C): The bright field shows the changes in the size and status of organoids treated with different drug concentrations of epirubicin
and 0.1lM docetaxel (the upper row represents the organoids without drug treatment, and the lower row represents the organo-
ids treated with different drug concentrations for six days). Scale bar, 150mm. (D): The line graph shows the survival rate and
IC50 of the combined treatment of epirubicin and docetaxel in HER2-negative organoids. (E): The organoid response data matches
the patient’s clinical results (the first row: the sensitivity of HER2-positive organoids to epirubicin; the second row: the sensitivity
of HER2-negative organoids to epirubicin; the third row: The bottom of the sensitivity of different types of organoids to docetaxel;
the fourth row: the drug reactivity of the two-drug combination of different types of organoids; bottom: the heat map of the
organoid response and the patient’s clinical results, we can draw the conclusion that organoids can predict the prognosis of
patients with neoadjuvant chemotherapy).
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4. Discussion

In general, it is believed that patients who achieve
pCR have a better outcome than those who do not
[36,37]. Thus, pCR is an established prognostic factor.
However, whether BC patients undergoing NAC can
achieve pCR is unknown. In clinical practice, the value
of a single treatment cannot be evaluated in individ-
ual patients undergoing combined therapy. Therefore,
it is impossible to individually screen the sensitivity of
BC patients with different molecular subtypes to drugs
to achieve individualized and precise treatment.

Patient-derived tumour organoids are promising
tools for personalized cancer medicine approaches
[38]. Importantly, PDOs may be superior models for
drug screening [39,40] and the prediction of cancer
treatment responses [32,39,41].

We successfully constructed organoids from BC
biopsies to simulate clinical treatment, demonstrating
that viable tumoroid lines can be generated from a
small sample of tissue. TCbH, TCbHP or THP are clinic-
ally administered as NAC for patients with HER2-posi-
tive breast cancer. For patients with HER2-positive
breast cancer, dual-target therapy has been routinely
recommended in clinical practice and achieved good
results. Commonly used HER2 monoclonal antibodies
include trastuzumab and pertuzumab. Trastuzumab is
a humanized 4D5 monoclonal antibody, and its anti-
tumour effects in HER2-positive breast cancer mainly
include two types: (a) Competitively bind to the HER-2
receptor and block the HER-2 signalling pathway. turn
on, thereby inhibiting tumour cell proliferation (b)
indirect antitumour activity (ADCP) by binding to Fcc
receptors (FCGRs) on immune cells to induce anti-
body-dependent cellular cytotoxicity (ADCC) or anti-
body-dependent phagocytosis, or (c) activate the
complement cascade leading to complement-depend-
ent cytotoxicity (CDC) or complement-dependent
phagocytosis [42]. However, according to research
reports, although trastuzumab has a high affinity for
HER2 in vitro experiments, it loses the ability to resist
cell proliferation. Even at high concentrations of tras-
tuzumab, only partial or no effect on HER2 expression
or signalling. Therefore, we abandoned HER2 mono-
clonal antibody therapy and adopted docetaxel com-
bined with carboplatin as a treatment modality for
HER2-positive breast cancer patient-derived organoids
[43]. TAC is administered as a NAC for patients with
HER2-negative breast cancer. Therefore, we evaluated
anthracycline combined with paclitaxel therapy or as a
monotherapy using PDOs derived from HER2-negative
patients. The histological verification of organoids and
the results of the in vitro treatments showed that the

organoids simulated the histological characteristics of
the parental tumour and the clinical response of the
individual patients to chemotherapy, demonstrating
potential of PDOs in precision medicine.

However, our organoid construction success rate
from puncture samples was insufficient. The main limi-
tation of successfully establishing organoids from our
biopsy tissues was the insufficient number of viable
tumour cells in the biopsy material and the low muta-
tion load of luminal BC. Furthermore, the duration
required for organoid expansion in vitro varies from
patient to patient and depends on the size of the
biopsy tissue, the proportion of cancer cells in the tis-
sue, and the cell proliferation rate. It took two weeks
to successfully construct PDOs from BC biopsies, and
approximately one month for the PDOs to achieve suf-
ficient cell mass for in vitro treatment. It is unknown
whether a patient’s tumour will progress during the
one month in vitro drug screening of the organoids.
Nevertheless, organoids were shown to be a viable
in vitro model for predicting chemotherapy response
and even radiotherapy response.

Since this study did not include monoclonal anti-
bodies and cyclophosphamide, PDOs could not be
used to assess the clinical responsiveness of patients
without bias. A natural progression of this work is to
construct a mouse model of patient-derived organoids
and add monoclonal antibodies and cyclophospha-
mide to conduct in vivo experiments to further verify
that organoids can be used as a tool for treatment
response modelling.

We successfully constructed organoids from BC
biopsy samples and proved the consistency of the
organoids and tumour samples by histology. Our
results indicate that organoid data can predict the
clinical response of patients to NAC. The PDO model
may identify BC patients who respond to NAC and
thereby improve initial care. For patients with BC who
are chemo-insensitive, PDOs could be used to select
targeted or investigational agents, avoid overtreat-
ment, and reduce treatment-induced side effects. In
summary, our data imply that PDOs can predict BC
patient responses in the clinic and could potentially
be used as a companion tool for BC treat-
ment selection.

5. Conclusions

The results of our analyses suggest that patient-
derived organoids could predict the responses of BC
patient in the clinic and may be possible to use orga-
noids to test patient responses to monotherapy and
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predict the drug sensitivity of patients receiving NAC
or adjuvant chemotherapy. In addition, PDOs could
potentially be used as a companion tool for BC treat-
ment selection.
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