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Background: The prognosis of triple-negative breast cancer (TNBC) is dismal due to aggressive behaviors. Emergence of patient-
derived tumor organoids (PDTOs) allows for biomarker identification and drug screening to identify potential drugs at the patient-
specific level. Here, we described a case of metastatic TNBC who obtained partial response in the liver metastatic lesions after
treatment with sacituzumab govitecan that was identified highly sensitive by the PDTOs.

Case Presentation: A 50-year-old woman visited our hospital for re-examination due to over 9 years after surgery for the left breast
cancer. In February 2024, she experienced liver metastasis. In combination with medical history and immunohistochemistry results,
metastatic TNBC was diagnosed. Based on the PDTO drug sensitivity testing, the patient was treated with highly sensitive
sacituzumab govitecan. After 6 cycles of treatment, liver metastatic lesions were reduced partially.

Conclusion: In our case of TNBC, partial response is achieved in the liver metastatic lesions after treatment based on the PDTOs,
unveiling that the PDTO, a potential companion tool for selection of treatment options, can facilitate the personalized treatment in
metastatic TNBC patients to improve the prognosis.
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Introduction

Breast cancer is the most frequent malignancy in women worldwide, in which triple-negative breast cancer (TNBC)
defined by absence of estrogen receptors (ER), progesterone receptors (PR) and human epidermal growth factor receptor-
2 (HER2) approximately accounts for 15-20% and is associated with dismal prognosis due to aggressive behaviors like
earlier recurrence and metastasis.' Currently, surgery and chemotherapy remain to be the feasible treatment modality for
TNBC in the initial stage, but almost ineffective for TNBC at an advanced stage.3 Due to lack of ER, PR, and HER2
expression in TNBC, patients are exempt from any targeted endocrine or HER2 therapies, consequently leading to non-
specific cytotoxic chemotherapy as the standard treatment.* Therefore, it is urgently needed to better understand TNBC
biology and to identify more precise druggable targets.

Conventional breast cancer models comprise cell lines and patient-derived xenografts (PDXs). Although cancer cell
lines are simple and easy to adjust culture conditions, the genetic features and tumor heterogeneity are difficult to be
preserved during passaging.” PDX models are considered to play an important role in understanding the tumor biology
and drug development, but they have high cost and need a long time for establishment.® Patient-derived tumor organoids
(PDTOs), a recently emerging three-dimensional pre-clinical model, are identified to accurately recapitulate the features
of original tumors at genetic and molecular levels and have been constructed successfully in multiple cancer types
including colorectal cancer, gastric cancer and breast cancer.®® For risk assessment and drug development in breast
cancer, the PDTOs have been demonstrated to be a valuable model system.” They are not only predictive of response to
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neoadjuvant therapy but also contribute to guide the treatment options for advanced breast cancer.'®'! Here, we shared
a case of metastatic TNBC who responded well to sacituzumab govitecan that was identified highly sensitive by the
PDTOs and achieved good prognosis.

Case Presentation

A 50-year-old woman came to our hospital for re-examination due to over 9 years after surgery for the left breast cancer. At
the beginning of 2015, the patient inadvertently palpated a mass with the size of an apricot pit in the left breast, accompanied
by tenderness but no nipple discharge. The mass gradually increased without attention. In July 2015, she underwent
modified radical resection of left breast cancer under general anesthesia (Figure 1A), and the postoperative pathology
showed invasive ductal carcinoma of the left breast, with ER of approximately 80%++, PR of approximately 80%+++,
HER-2 of 0, and Ki67 of approximately 40%+. Stage IIA (T2N2MO0) breast cancer was diagnosed. Accordingly, adjuvant
chemotherapy with Cyclophosphamide (0.9 g), Epirubicin (140 mg), and Docetaxel (140 mg) was administrated for 6
cycles. During December 2015 and January 2016, radiotherapy was performed, with 95% of the prescribed dose of 50 Gy/
25 fractions for the planning target volume (PTV1: the left chest wall; PTV2: the left clavicle region). Subsequently,
endocrine therapy with Toremifene (60 mg) and Letrozole (2.5 mg) was continuously taken for 4 years.

At the beginning of 2023, the patient developed significant low back pain. The computerized tomography (CT) scan
showed bone destruction (metastasis) in the right sacroiliac 3 vertebrae, bulging of the intervertebral disc in L3-4, as well
as protrusion in L4-5 and L5-Sacrum 1. In February 2023, the patient received 2 cycles of Nab-paclitaxel (400 mg)
chemotherapy, followed by 7 cycles of Nab-paclitaxel combined with subcutaneous injection of Leuprorelin acetate
(3.75 mg). In December 2023, the treatment regimen was adjusted to 2 cycles of Nab-paclitaxel plus Cyclophosphamide,
during which Fulvestrant and Dalpiciclib were used as endocrine therapy. Notably, Denosumab had been continuously
administrated against bone metastasis since March 2023. In February 2024, ultrasonic examinations showed multiple
solid, low-echo nodules in the liver, suggesting the possibility of metastasis, thus the liver nodule was punctured. In
combination with medical history and immunohistochemistry results [ER (-), PR (-), HER-2 (0), CK5 (scattered), Ki67
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Figure | The diagram of diagnosis and treatment process of the patient (A), H&E staining and immunobiological results of the liver metastatic lesion (B), and radiological
variations during the treatment based on patient-derived breast cancer organoids (C).
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(approximately 70%+), GATA3 (+), hepatocyte (-); Figure 1B], metastatic cancer was diagnosed, suggesting breast
origin. In April 2024, the CT scan showed postoperative changes in the breast malignancy, significantly relieved
thickening near the sternum of the left chest wall, newly increased scattered patches and irregular nodules in both
lungs, abnormal density in bilateral ribs, vertebral bodies, appendages, sacrum and the hip bone, as well as multiple liver
nodules and masses, suggesting metastasis (Figure 1C).

After the patient was informed consent, the needle biopsy tissue from liver nodules was collected and immediately
transported to the laboratory (Kingbio Medical [Chongqing] Co., Ltd., China) on ice for organoid culture and drug
sensitivity testing. Briefly, the tissue was first rinsed, and then minced and digested. Through centrifugation, the cell
pellet was obtained. Subsequently, Matrigel was added, and cells and Matrigel suspension were both inoculated onto
6-well plates (2 mL per well) using pipettes, which were placed in a 37°C incubator for 15 min. Once the droplets
solidified, Jiabili culture medium (Kingbio Medical [Chongqing] Co., Ltd., China) was added, which was then cultured at
37°C, 5% CO,. The culture medium was changed every 2-3 days. When the organoid presented typical saccular, solid
spherical or dispersive base form (Figure 2A—C), drug sensitivity testing was performed. It could be observed that the
PDTOs were highly sensitive to the targeted drug sacituzumab govitecan, except for chemotherapy drugs (Figure 2D).
Thus, the patient was treated with sacituzumab govitecan (3 mg/kg) for 6 cycles. In May 2024, the CT scan indicated
slightly thickening near the sternum of the left chest wall, decreased small patches in both lungs, increased density
shadows in bilateral ribs, vertebral bodies, appendages, sacrum and the hip bone, as well as multiple slightly low-density
nodules and mass shadows in the liver parenchyma, with the largest being about 4.3*2.8 cm, some of which were
reduced compared with before (Figure 1C). In July 2024, the CT scan further revealed that the thickening near the
sternum of the left chest wall was consistent with the postoperative changes; scattered small patches and cord-like
shadows are similar to before; most of the multiple slightly low-density nodules and mass shadows in the liver
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Figure 2 The growth changes of patient-derived triple-negative breast cancer organoids including prior to inoculation of Matrigel (A), organoid formation (B) and prior to
drug sensitivity testing (C), as well as drug sensitivity testing results (D).
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parenchyma were lessened than before, with the largest being about 3.5%2.3 c¢m, which all suggested shrunken liver
nodules (Figure 1C). So far, the patient still receives sacituzumab govitecan for further treatment.

Discussion

Metastatic TNBC patients have poor survival outcomes. Although immunotherapy shows promising in the first-line
treatment, single-agent chemotherapy is still the standard for previously treated (beyond first-line) metastatic TNBC.'?
Nevertheless, chemotherapy is found to have poor response rates and survival outcomes.'® For metastatic breast cancer,
this poor clinical outcome underlines the demand for dependable personalized oncology and importance of models that
can preserve the features of metastatic breast cancer.'® In this study, we adjusted the chemotherapy regimens into the
single agent sacituzumab govitecan for treatment based on the drug sensitivity testing results from PDTOs and found that
the metastatic lesions in the liver gradually reduced. Sacituzumab govitecan, an antibody-drug conjugate for treating
solid tumors, has recently received accelerated approval for adult patients with metastatic TNBC who are previously
treated with at least two therapies for metastatic disease, with significantly longer progression-free survival and overall
survival than single-agent chemotherapy in metastatic TNBC.'>"'

The pre-clinical research of breast cancer has always depended on various cell lines as an in-vitro representation of
a heterogeneous disease over the decades, but these cell lines do not completely capture the spectrum of breast cancer despite
feasible high-throughput screening. Although patient-derived xenograft models can effectively capture tumor heterogeneity,
they have low success rates, long time, and high cost in establishment.'” Tumor organoids with high success rates are the 3D
cultures of cancer cells based on a single patient, which can not only recapitulate the biological characteristics of cancer cells
but also assess the drug efficacy and toxicity.'® They can guide clinical decision-making at the patient-specific level by
offering a mechanism for faithfully testing the drug sensitivity and a half-maximal inhibitory concentration value.'’

In recent years, PDTOs have been identified to be a superior pre-clinical model for drug screening and treatment
responses.”’ Shu et al established a living organoid biobank to predict the response to neoadjuvant chemotherapy in
breast cancer, and the results showed that the PDTOs could not only predict the response to neoadjuvant chemotherapy
in vitro but also contribute to screening the drugs with diverse functions on different patients.® By culturing the PDTOs
from different breast cancer subtypes, Campaner et al demonstrated the feasibility of PDTOs in testing the efficacy of the
standard treatment.?' Notably, in a previous study of advanced breast cancer, the patients receiving at least one drug that
was indicated sensitive by the PDTO obtained good response,'’ which supported our findings that the patient achieved
partial response in liver metastatic lesions after use of the PDTO-highly sensitive drug sacituzumab govitecan.

To the best of our knowledge, this was the first study to describe a case of breast cancer with liver metastasis responding to
sacituzumab govitecan that was shown highly sensitive by the PDTOs, highlighting that PDTOs could be used to test the
response to monotherapy in advanced breast cancer patients previously receiving therapies. However, several limitations
should be concerned. First, this was only a single case, largely affecting the generalization of the results. Second, a post-
treatment tissue biopsy was missing. Additionally, the long-term outcomes were also absent due to a short follow-up period. In
the future, a large-scale study with a long follow-up period should be conducted to further verify our findings.

Conclusion

In our case of TNBC, partial response is achieved in the liver metastatic lesions during the follow-up period after treatment
with sacituzumab govitecan based on the PDTOs, unveiling that the PDTO, a potential companion tool for selection of
treatment options, can facilitate the personalized treatment in metastatic TNBC patients to improve the prognosis.
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