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Abstract: Patient-derived organoids (PDOs) are emerging as a potential preclinical tool in assessing cancer patients’ responses to
various therapies. Here, we first described a case of invasive ductal breast carcinoma with lung and liver metastases who obtained
efficient response to the sensitive drugs identified by PDOs. A 54-year-old woman came to hospital with the chief complaint of an
unpainful mass in the right breast. In combination with relevant examinations, she was diagnosed with cT3N1MO breast cancer with
HER?2 amplification, but developed lung and liver metastases after use of multiple therapies. After treatment with erebulin, carboplatin
and inetetamab sensitive revealed by the organoid drug sensitivity testing, partial response in lung metastasis and stable disease in liver
metastasis were achieved. This typical case suggests that for the individual patients with advanced refractory breast cancer, especially
those exhausting the standard treatment options, the PDOs may serve as an effective model for assessing individual drug sensitivity to
optimize treatment decisions and improve treatment response.
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Introduction

Breast cancer is the most frequently diagnosed cancer in women worldwide. Despite improved survival through
implementation of screening programs and effective treatment modalities, breast cancer-related deaths are still
a common cause of cancer deaths.' According to the classification of cell morphology, growth and architecture patterns,
breast cancer can be categorized into up to 21 histological subtypes, among which invasive ductal carcinoma (IDC) is
most common, approximately accounting for 75% of all invasive breast cancers.” The 5-year survival rate of breast
cancer patients is reported nearly 100% after treatment, while for metastatic breast cancer the 5-year survival rate is only
30%.>* The aggressive nature and high mortality of metastatic breast cancer highlight the demand for more precise
treatment.

Patient-derived organoids (PDOs), an in vitro 3D culture model, have been identified to be a potential platform for
human cancers, which can highly recapitulate the histopathological and molecular features of the parental tumor.
Importantly, they are not only conductive to understanding cancer biology but also promising in assessment of cancer
patients’ responses to chemotherapy, radiotherapy, and targeted therapy.”’ In a previous study, the organoids derived
from human breast cancer tissues, including heavily treated samples, were cultured successfully, and the PDO-based
drug-sensitive response signatures were found to predict the prolonged distant relapse-free survival of invasive breast
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cancer patients receiving adjuvant chemotherapy.® Here, we first described a case of IDC with lung and liver metastases
who achieved efficient response to the sensitive agents screened by PDOs after various standard treatment regimens were

exhausted.

Case Presentation

A 54-year-old woman was admitted to our hospital with the chief complaint of an unpainful mass with the size of red
dates in the right breast, not accompanied by nipple discharge. She previously had no history of allergy and inherited
tumors. In May 2019, the patient accidentally found a mass in the right breast. The needle biopsy showed IDC, with ER
(-), PR (), HER2 (3+), and Ki-67 (70%+) through immunochemical staining. In combination with relevant examinations,
she was diagnosed with cT3N1MO breast cancer with HER2 amplification. Accordingly, AC-sequential TH neoadjuvant
chemotherapy was used for 8 cycles, including doxorubicin liposomes (40 mg*4), cyclophosphamide (0.8 g*4),
docetaxel (120 mg*4) and trastuzumab (8 mg/kg for the first time, then 6 mg/kg).

On November 14, 2019, a modified radical mastectomy for the right breast cancer was performed. Postoperative
pathology showed IDC with partial degeneration of cancer cells, Miller Payne grade 2, and the tumor diameter of 1 cm.
Vascular cancer emboli were observed, but without neural invasion. In addition, axillary lymph node metastasis occurred
in 1 of the 12 lymph nodes. The tumor was assessed as ypT2N1MO. Considering that the pathological complete response
was not achieved, TDM-1 was applied to improve the prognosis according to KATHERINE study.® However, this patient
was treated with trastuzumab and pertuzumab (840 mg for the first time, then 420 mg) due to high cost of TDM-1. On
March 23, 2020, she received intensity-modulated radiation therapy, with the prescribed dose of 50 Gy/25f. In June 2022,
the chest computerized tomography (CT) showed scattered nodules in both lungs, with the largest one close to 1.1 cm
(Figure 1). Based on the medical history and imagining examinations, lung metastasis was suspected. After use of nab-
paclitaxel (200 mg) for 12 weeks, dual-targeted therapy with trastuzumab and pertuzumab was used until April 2023. Re-
examination of the chest CT indicated more increased nodules in both lungs, with the largest one close to 3.4 cm
(Figure 1). On April 20, 2023, TDM-1 (200 mg) as the second-line salvage treatment was administered for 4 cycles.
Although stable disease (SD) after two cycles was evaluated, the chest CT showed more increased nodules in lungs and
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Figure | The treatment timeline of the patient and imaging changes at different time points. The red arrows point to the lesions in the lung through CT scans (upper) and
liver using MRI examinations (lower).
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some new nodules in the liver after four cycles. On August 28, 2023, the liver magnetic resonance imaging (MRI)
indicated slightly longer T1/T2 signaling nodular shadows (1.4*1.2 cm) in the liver segment S8, with relatively clear
boundary, suggesting liver metastasis (Figure 1).

Needle biopsy of pulmonary nodules showed invasive cancer, not excluding from the breast cancer. Additionally,
immunohistochemical results indicated ER (-), PR (-), HER2 (3+), Ki-67 (90%+), AE1/AE3 (+), CK7 (+), TTF-1 (-),
Napsin-A (-), CK5 (70%+), Syn (-), P40 (20%), P63 (10%+) and GATA3 (+). Therefore, lung and liver metastases were
further confirmed. After the patient was informed consent, the PDO from lung metastatic lesions of breast cancer was
cultured strictly based on the protocols of Kingbio Medical (Chongging) Co., Ltd., China. According to the culture
procedure, the tissue was first washed, and then minced, digested, filtered, and finally placed in an incubator with 5%
CO, at 37°C for culture after adding Matrigel and Jiabili® culture medium. The status of organoid formation was
observed using an optical microscope (Figure 2A). When the organoid presented typical saccular, solid spherical or
dispersive base form, drug sensitivity testing was performed. The reagents associated with organoid culture and drug
sensitivity testing were all provided by Kingbio Medical (Chongqing) Co., Ltd., China. It could be observed that the PDO
was more sensitive to carboplatin, capecitabine, erebulin, and inetetamab than other drugs (Figure 2B). Thus, on
September 25, 2023, a combination therapy of erebulin (2 mg d1,8), carboplatin (50 mg, d1) and inetetamab (350 mg,
dl) was administrated. After two cycles, the chest CT showed significantly reduced masses alongside the horizontal
fissure in the right upper lung lobe and nodular shadows in the lingual segment of the left upper lung lobe, almost
achieving complete response (CR). The liver MRI indicated no significant changes in nodules of the liver segment 8
(Figure 1), and SD was assessed. After four and six cycles of treatment, CT and MRI examinations were both performed
for assessing the therapeutic effect of the patient (Figure 1), and partial response in lung metastatic lesions and SD in

liver metastatic lesions were achieved, respectively. Now, the patient was still treated with erebulin, carboplatin and
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Figure 2 The formation status of the patient-derived organoid from lung metastatic lesions in a patient with invasive ductal carcinoma on day 6 and day |15 (A) and the drug
sensitivity results (B). According to the inhibition rates of tumor cells, 5 categories are adopted in this study, including high sensitive (>80%), sensitive (60%-80%),
intermediate sensitive (40%-60%), low sensitive (20%-40%) and resistant (<20%).
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Discussion

Breast cancer patients with distant metastasis were reported to have the 5-year survival rate of less than 20%.”'°
Although multiple therapies are used for distant metastasis, the survival rate of patients is still low. The recently
developed PDOs have been confirmed potential for evaluating the responses to various cancer therapies.”’ In this
study, we successfully established the PDO model for IDC with lung and liver metastases, based on which the
combination regimen of drugs sensitive to the patient was used, and the disease was finally under control following
failure in multiple standard treatments.

It is estimated that metastatic breast cancer occurs in over half a million women worldwide each year, which can lead
to 90% of breast cancer deaths.'' Lung, liver, bone, and brain are the most frequent metastatic sites in breast cancer and
are related to the poor prognosis of patients.'? Lung metastasis preferentially occurs in triple-negative breast cancer
(TNBC), while bone metastasis is commonly diagnosed in luminal breast cancer." It was reported that the incidence of
lung metastasis in TNBC could reach up to 40%, significantly higher than that in non-TNBC.'* According to
immunochemical results, the case in our study was diagnosed with HER2-positive breast cancer and experienced lung
metastasis. By analyzing the survival outcomes of breast cancer patients with lung metastasis, Yhim et al found that the
clinical outcomes of patients with HER2-positive breast cancer and TNBC were worse by comparison to those with
hormone receptor-positive breast cancer.'> Notably, HER2-positive breast cancer was identified to be associated with
a higher risk of liver metastasis.'® As shown in our study, the patient still suffered from liver metastasis, although various
treatment strategies were used.

For advanced breast cancer, a major obstacle to effective treatment is resistance to therapy. In the past few years,
tumor organoids have emerged as a promising preclinical model for studying the evolution of tumors, assess the drug
efficacy, and explore the mechanism of tumor metastasis.'” By establishing an organoid biobank from breast cancer, Shu
et al found that PDOs could not only predict the patient response to neoadjuvant chemotherapy but also be used for
screening the drugs with various functions on different patients.'® PDOs also showed a good concordance with original
tumors regarding histopathology, hormone receptor levels and HER2 receptor status. For breast cancer patients who had
received multiple lines of treatment and showed drug resistance, the PDOs established from their metastatic tissues were
also resistant to the same drugs. Meanwhile, for multi-drug-resistant patients with metastatic breast cancer, PDO-based
drug screening could help to predict the sensitive drugs.® Importantly, metastatic breast cancer patients receiving
organoid-guided treatment had prolonged progression-free survival and improved disease control by contrast to those
receiving the treatment of physician’s choice, further suggesting that PDO-based drug screening contributed to over-
coming drug resistance and optimizing treatment strategies for metastatic breast cancer.'” In our study, we generated
a PDO model for an IDC patient with distant metastasis after multiple standard therapies were exhausted, and a good
response was obtained after use of the effective drugs identified by the PDO. Notably, after the PDO-guided treatment for
two cycles, the lung metastases showed significant regression through the CT, nearly approaching CR, while the liver
metastases were evaluated as stable by MRI. This inconsistent clinical manifestations between lung and liver metastases
might be associated with the disease complexity at an advanced stage, including significant heterogeneity at different
metastatic sites and differences in sensitivity to cytotoxic drugs in different regions. Moreover, the size of lesions
displayed through radiological examinations may not reflect the real image of tumor lesions, as different regression
patterns after treatment can affect our evaluation on the therapeutic effect. For instance, fragmented sieve regression
makes it difficult to clearly determine the tumor boundary, consequently leading to unclear imaging findings.

Regarding the clinical application of PDOs, there are several significant challenges that should be addressed. First, it
is very necessary to standardize the protocols for organoid culture and drug sensitivity testing to make the results
repeatable. By standardizing culturing techniques, the consistency between organoid models and patients’ tumors in the
aspects of gene expression profiles, drug sensitivity, and drug resistance can be enhanced, thereby enabling more accurate
prediction of patients’ responses to specific treatment regimens. This advancement will provide support for clinicians to
develop more personalized and effective therapeutic strategies. Second, the currently constructed PDOs are mainly from
epithelial cells. The organoids from non-epithelial cells should also be established to further guide the tumor treatment,
such as lung cancer.”® Third, some certain in vivo components like immune cells and fibroblasts are absent in PDOs.
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Recent studies are attempting to develop new technological platforms to assess the individual response to immunotherapy
through coculture of PDOs with tumor infiltrating lymphocytes and peripheral blood mononuclear cells.*'** Importantly,
metastasis is tough to evaluate with PDOs, as a tumor has both temporal and spatial invasiveness in the body.*’
Nevertheless, the PDOs derived from metastatic tumor tissues provide scientists with a means to study how cancer
cells invade distant organs. Combined with real-time imaging and spatial omics technologies, significant breakthroughs
are expected to be achieved in this field. Although our study was a single case, it was not hard to see the importance of
PDOs in predicting the personalized treatment for individual patients. In addition, the long-term survival outcome of the
patient was missing. In the future, the studies with large sample size and long follow-up duration should be performed to
further support our findings.

Conclusion

Through establishment of PDOs from the metastatic lesions of an IDC patient, we demonstrated that this patient obtained
a good response to the sensitive drugs screened by the PDO after failure in multiple standard treatments. This unique case
highlights that for the individual patients with advanced refractory breast cancer, especially those exhausting the standard
treatment options, the PDOs may serve as an effective model for assessing individual drug sensitivity to optimize
treatment decisions and improve treatment response.
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