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Abstract: Neoadjuvant chemotherapy (NAC) is the standard of care for locally advanced breast cancer, but the response to 
chemotherapy is unpredictable due to unknown information on the tumor drug sensitivity. Patient-derived organoids (PDOs) have 
recently been revealed to be a promising platform for assessing drug sensitivity in many cancers. A 46-year-old woman presented 
to the hospital due to an accidentally discovered mass in the left breast. Based on core-needle biopsies, pathologic examination 
showed invasive breast cancer in both breasts. In combination with immunohistochemistry, the patient was diagnosed with left 
breast cancer IIB with axillary lymphatic metastasis and right breast cancer IIA. The NAC with albumin-bound paclitaxel, 
epirubicin and cyclophosphamide was used. Although partial response was assessed overall, the left tumor did not lessen 
significantly; thus, organoids from bilateral breasts were cultured. After treatment with PDO-sensitive vinorelbine and carbopla-
tin, partial response was achieved in the left compared with the initial tumor. Meanwhile, bilateral mastectomy was performed 
successfully, with pathological complete response achieved in the right. This typical case suggests that the PDOs from bilateral 
primary breast cancers can serve as a powerful tool to identify the sensitivity to NAC, thus providing novel treatment options at 
the patient-specific level. 
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Introduction
Breast cancer is the most common malignancy in women worldwide and has surpassed lung cancer as the most 
frequently diagnosed cancer. According to GLOBOCAN estimates, there were approximately 2.31 million new cases 
of female breast cancer and 0.67 million new deaths in 2022.1 Although over 90% of breast cancer patients are diagnosed 
at an early stage, there are still a subset of them eventually experiencing recurrence due to the heterogeneous features of 
breast cancer.2 Currently, the major treatment modalities for breast cancer include surgery, chemotherapy, radiotherapy, 
and hormonal therapy. Since the 1980s, neoadjuvant chemotherapy (NAC) has been the standard of care for locally 
advanced breast cancer, which not only makes breast-conserving surgery more feasible but also tends to eliminate 
micrometastatic lesions.3,4 Nevertheless, it is unpredictable for the response to chemotherapy due to unknown informa-
tion on the tumor drug sensitivity following treatment initiation.5 Although a lot of patients are treated, only a few of 
them derive benefits.

Recently, patient-derived organoids (PDOs), three-dimensional in-vitro cellular structures from human tissue-specific 
stem cells, have been demonstrated to be a promising model system for drug discovery in many cancers, with the 
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advantages of accurately recapitulating the histopathological architecture, genetic and molecular features of parental 
tumors.6,7 A previous study indicated that the successfully established breast cancer PDOs could serve as an effective 
platform for assessing patient-specific drug sensitivity.8 Thus far, however, there has been a lack of studies about the 
PDO model for predicting NAC sensitivity in breast cancer. Here, we established the tumor organoids from a patient with 
bilateral primary breast cancer and demonstrated that the PDOs could effectively identify the sensitivity to NAC to 
optimize the treatment.

Case Presentation
A 46-year-old woman presented to the hospital due to an accidentally discovered mass in the left breast. Color-Doppler 
ultrasound showed a solid low-echo mass with calcification (BI-RADS 4b) in the left breast and cystic nodules in both 
breasts, but with a larger nodule (BI-RADS 2) in the right breast. She previously had no history of malignancies and 
family history. For further examination and treatment, she came to our hospital on March 1, 2022. Magnetic resonance 
imaging (MRI) showed diffused, non-phymatoid enhancement in the left breast and mildly enlarged lymph nodes in the 
left axilla and two blood-supplying enhanced nodules in the right upper lateral breast (Figure 1). On March 9, 2022, the 
pathological results of the left tumor from a core-needle biopsy with 16-gauge needle revealed invasive breast cancer 
with the propensity of non-specific type, WHO III, but without obvious components of carcinoma in situ, and meanwhile, 
a small number of heterocysts were observed through lymph node biopsy in the left axilla, suggesting the possibility of 
metastatic adenocarcinoma. The pathological results of the right tumor from a core-needle biopsy with 16-gauge needle 
showed invasive breast cancer with the propensity of non-specific type, WHO II, accompanied by components of 
carcinoma in situ. Immunohistochemistry (IHC) indicated HER2 (0), ER (-), PR (15%+), Ki-67 (approximate 80%+ in 
dense regions) and AR (-) for the left tumor, as well as HER2 (1+), ER (-), PR (-), Ki-67 (approximate 40%+) and AR (-) 
for the right tumor (Figure 2). The patient was finally diagnosed with left breast cancer IIB with axillary lymphatic 
metastasis and right breast cancer IIA.

Figure 1 Diagnostic and treatment timeline of the patient and the breast magnetic resonance imaging images at different time points. The yellow arrows point to the right 
tumor, and the blue arrows point to the left tumor.
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To be treated with surgery successfully, the patient began to receive NAC with albumin-bound paclitaxel (400 mg), 
epirubicin (148 mg) and cyclophosphamide (900 mg), with 21 days as a cycle. After use of two cycles, MRI showed 
a lessened mass in the left breast and partially alleviated lymphadenectasis in the left axilla, as well as a weakened 
enhancement of two enhanced nodules in the right upper lateral breast (Figure 1). According to Response Evaluation 
Criteria in Solid Tumors (RECIST version 1.1), partial response was assessed based on the overall changes of bilateral 
tumors, but for the left tumor the decrease was not significant. Therefore, the core-needle biopsy tissues from the left and 
right breasts were both collected and transported to the laboratory on ice within 24 h for the organoid culture. As 
described previously,9 tissues were washed, minced and digested after rinsing with precooled PBS. Cell pellets were 
collected using centrifugation. When Matrigel was added, Matrigel suspension and cells were seeded onto 6-well plates 
and placed in a 37°C incubator for 15 min. Once the droplets were solidified, Jiabili® culture medium (Kingbio Medical 
[Chongqing] Co., Ltd., China) was added and cultured at an incubator (37°C, 5% CO2). The medium was changed every 
2–3 days. When organoids grew well and tended to stabilize, the culture was terminated. Subsequently, organoids were 
seeded onto 96-well plates, and corresponding drugs were added. Additionally, at least three compound pores and 
negative controls were set. Adenosine triphosphate bioluminescence assays were used to quantitatively detect the number 
of viable cells in organoids. Through drug sensitivity testing, it was observed that the left tumor was most sensitive to 
fulvestrant, followed by vinorelbine and 5-fluorouracil (Figure 3A and B), while the right tumor was most sensitive to 
vinorelbine, followed by carboplatin and 5-fluorouracil (Figure 3C and D). Accordingly, the NAC with vinorelbine 
(40 mg) and carboplatin (350 mg) were used on July 6, 2022. After two courses of treatment, MRI showed a reduced 
nodular shadow in the left breast and two shrunken enhanced nodules in the right breast (Figure 1). Although the nodular 

Figure 2 Representative hematoxylin-eosin (HE) staining and immunohistochemical images of the left (A, 20×) and right breasts (B, 20×).
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shadow in the left breast is slightly enlarged than the last examination, two enhanced nodules in the right breast almost 
disappeared following four courses of treatment (Figure 1).

On October 9, 2022, a modified radical mastectomy for the left tumor and a radical mastectomy combined with an 
ipsilateral sentinel lymph node biopsy for the right tumor were performed. Postoperative pathology of the left sample 
indicated that there were tumor beds with the invasive lesion of 0.7 cm in the outer nipple and 1.0 cm in the inner nipple. 
It could be observed intravascular cancer thrombi, but not cancerous tissues invading the nerve, which was assessed as 
grade 3 based on Miller-Payne (MP) classification. Meanwhile, cancerometastasis occurred in 3 ipsilateral axillary lymph 
nodes. According to the 8th version of the American Joint Committee on Cancer, IIB (ypT1bn, ypN1a, cM0) was 
diagnosed. Postoperative pathology of the right sample showed that the tumor beds in the outer breast changed after 
chemotherapy, without residual tumor tissues and lymphatic metastasis. Grade 5 was assessed based on MP classifica-
tion, and ypT0, ypN0, and cM0 were diagnosed (Figure 2). Thus, the left tumor was pathologically assessed as residual 
cancer burden (RCB) II, while the right tumor was evaluated as RCB 0 (complete response). On December 7, 2022, the 
left sub- and supra-clavicular, chest wall and internal mammary radiotherapy was conducted, with the planning target 
volume of 50 Gy/25f. Until now, the patient recovered well, and Color-Doppler ultrasound of breasts showed no space- 
occupying lesions in bilateral chest walls and no swollen lymph nodes in bilateral axillae.

Discussion
Overcoming drug resistance is one of the great challenges for improving the therapeutic effect of malignancies. Although 
several potential mechanisms of drug resistance, such as activation of multiple signaling pathways, genetic alterations, 
and variations in tumor microenvironment, have been unveiled,10–12 there is still a lack of effective models that can 
accurately recapitulate the tumor biological and molecular characteristics and predict the treatment responses. In recent 
years, the PDO, an in-vitro culture model, has been established successfully in multiple cancers, including breast 

Figure 3 Drug sensitivity results of the left breast tumor (A and B) and the right breast tumor (C and D).
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cancer.13 However, it remains unknown whether the PDO model can be generated successfully in drug-treated breast 
tumors to guide the individualized treatment. In this study, we first described a case of drug-treated bilateral primary 
breast cancer who pathologically achieved CR for the right tumor after use of the PDO-based drug sensitivity testing to 
guide the NAC. Importantly, the partial response in the left tumor was also achieved following the treatment with the 
PDO-sensitive vinorelbine and carboplatin compared with the initial tumor. These findings all highlight the importance of 
PDOs in identifying the sensitivity to NAC at an individual level.

Bilateral breast cancers are classified into synchronous and asynchronous/metachronous based on the time when the 
cancers develop in both breasts. A young age at first diagnosis is found to be associated with a relatively high risk of 
contralateral breast cancer, and the annual risk of contralateral breast cancer is 0.5% on average after diagnosis of breast 
cancer.14 In our case, asynchronous bilateral breast cancers (left: IIB, right: IIA) were diagnosed due to tumorigenesis in 
both breasts at different times. Currently, neoadjuvant therapy remains to be preferable for stage II/III, triple-negative, 
and HER-2 positive breast cancers, as well as for many higher-stage ER-positive breast cancers.15 Meanwhile, the case in 
our study suffered from left axillary lymph node metastasis, conforming to the indications of neoadjuvant therapy. Thus, 
the NAC with albumin-bound paclitaxel, epirubicin and cyclophosphamide was used according to the Chinese Society of 
Clinical Oncology Breast Cancer Guidelines in 2022.16 Although partial response was assessed overall, the decrease in 
the left tumor was not significantly following four cycles of NAC. Under the guidance of the PDO-based drug screening, 
the NAC with vinorelbine and carboplatin was used, and radical mastectomy for both breasts was performed successfully.

Conventional two-dimensional cell cultures generally fail to preserve the structural, physiological, and functional 
features of in-vivo cells, although they are simple in operation and cost-efficient. Patient-derived xenograft (PDX) 
models can either help to understand the tumor biological features or to identify the best sensitive drugs for individuals, 
but with low success rates and time consumption, especially the establishment of breast cancer PDX models.17 Organoids 
are multicellular in-vitro miniscule models originated from adult or embryonic stem cells with the capability of self- 
organization and self-renewal, which retain the key cellular and molecular characteristics of the parental tumors while 
maintaining intratumor heterogeneity and tumor microenvironment, thus useful for high-throughput drug screening.18 

Accumulating evidence has suggested the feasibility of tumor-derived organoids as an effective platform to assess drug 
efficacy at the patient-specific level, offering personalized treatment recommendations for patients with various 
cancers.7,8 In this study, the PDOs from bilateral breast cancers were established to guide the neoadjuvant therapy, 
and pathological complete response was obtained in the right tumor after mastectomy. Although the left postoperative 
pathology showed RCB II, the partial response in the left tumor was achieved following the treatment with the PDO- 
sensitive vinorelbine and carboplatin for four cycles compared with the initial tumor, suggesting that the PDOs are 
amenable to in-vitro drug screening testing to identify the sensitivity to NAC.

Conclusion
This is the first case of establishing the PDOs in bilateral primary breast cancers. Our results demonstrate that the PDOs 
from breast cancer can serve as a powerful tool to identify the sensitivity to NAC, thus providing novel treatment options 
at the patient-specific level.
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