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Abstract: So far, ovarian cancer has still been the most lethal gynecological malignancy. The chemotherapy and targeted medication
are the mainstay for the recurrent ovarian cancer treatment. About 70% of the advanced-stage cases will relapse. Ascites-derived
organoid is a pre-clinical model for the precise prediction of the therapeutic effectiveness for the ovarian cancer: it can be used to
assess the drug sensitivity, to guide individualized precise treatment, and to improve advanced stage as well as recurrent ovarian cancer
patient’ survival and prognosis. Until now, there has been no report concerning the establishment of the organoid out of the patient’s
ascites and the concurrent usage of drug sensitivity test to guide the individualized precise treatment for the ovarian cancer. Here, we
report a case of recurrent ovarian cancer of a 59-year-old female patient whose CA125 at its peak increased to 4523.4 U/mL. Then,
patient’s own ovarian cancer organoid was constructed from the ascites by the abdominocentesis; concurrently, medication sensitivity
test was performed on the organoid to guide individualized precise treatment. After the treatment, CA125 decreased to 33.7 U/mL, and
the patient’s condition relieved effectively. This is the first published case report using ascites-derived organoid and the drug sensitivity
test thereof to guide the precise treatment of recurrent ovarian cancer.
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Introduction

Ovarian cancer is a common gynecologic cancer worldwide, and ranks second in cancer death of female reproductive
malignancies, and 90% of ovarian cancer are of an epithelial cell type and comprise multiple histologic types, with
various specific molecular changes, clinical behaviours, and treatment outcomes. The remaining 10% are non-epithelial
ovarian cancers — mainly germ cell tumours and sex cord-stromal tumours — with much more favourable prognosis.'~
Ovarian cancer is a heterogeneous disease, of which the epithelial ovarian cancer (EOC) is the most common form. EOC
develops according to two different carcinogenic pathways. Type I EOCs are suggested to be relatively indolent and
genetically stable tumors that typically arise from recognizable precursor lesions, such as endometriosis or borderline
tumors with low malignant potential. In contrast, type II EOCs are proposed to be high-grade, biologically aggressive
tumors from their outset, with a propensity for metastasis from small-volume primary lesions.® The outcomes of EOC
patients vary, depending on the stage at diagnosis. Although the 5-year survival rate of about 70% could be reached for
early-stage detection, the vast majority of patients are diagnosed at advanced stage with only S5-year survival rate of
34%.* Recurrence is the major factor resulting in the low survival rate of advanced EOC, for the recurrence rate is higher
in the advanced stage than the early stage; nowaday proteomics analysis of ovarian cancer, as well as their adaptive
responses to therapy, can uncover new therapeutic choices, which can reduce the emergence of drug resistance and
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potentially improve patient outcomes, but there has been no satisfactory treatment until now.>”’ The platinum-based
chemotherapy is currently used as first-line therapeutic regimen after primary surgery and still recommended for the
platinum-sensitive recurrent ECO that relapses after 12 months.® In contrast, in recurrent platinum-resistant ECO, though
studies had shown results preferring single-agent due to the drug toxicity, there was no evidence for a preferred sequence,
neither for a preferred therapeutic agent.®® In addition, the increased heterogeneity of the disease and individual
heterogeneity could lead to diverse clinical response to the same drug. Therefore, a pre-clinical model, which could
predict the clinical efficiency of a pharmacologic agent, could assist physician to plan the therapeutic regimen.

Patient-derived tumor organoid (PDTO) emerges as an in vitro 3-dimensional cell model, which exhibits the genetic
and histopathology feature of the parental tumor tissue.'®'* It has been presented as an in vitro pre-clinical model,
providing valuable data concerning the clinical efficiency of a drug.'>* A recent study from the lab of Clevers has
generated organoid models with all the features of diverse EOC subtypes,®® indicating the potential clinical value of the
PDTO model for EOC to predict the clinical efficiency of therapeutic agency before application, especially in the case of
advanced recurrent EOC. Here, we present a case of recurrent EOC patient with malignant ascites, whose relapse was
resistant to platinum-based chemotherapy. An organoid model was generated using the malignant ascites and the PDTO
drug sensitivity results were used to guide the individualized treatment.

In this study, we report a case of 59-year-old female patient diagnosed of recurrent high-grade serous ovarian cancer
with the initial manifestation being the ascites. Based on the ovarian cancer organoid generated from patient’s ascites,
together with the analysis of the drug sensitivity test, patient had significant remission for her disease and symptoms after
receiving the treatment of topotecan.

Case Presentation

A 59-year-old female patient, who had entered menopause for 10 years, was hospitalized for abdominal pain and
distention on December 6, 2018. The patient had been diagnosed of FIGO stage II ovarian cancer and undergone the
abdominal surgery on January 16, 2019, after two cycles neoadjuvant treatment including paclitaxel. During the
debulking surgical procedure, total hysterectomy with bilateral salpingo-oophorectomy, abdominal aortic and pelvic
lymphadenectomy, together with appendectomy and omentectomy were conducted. The post-operative pathology biopsy
indicated a high-grade serous ovarian cancer, and the pathological stage was classified as pMO, IIIB. Post-operative
immunohistochemistry results demonstrated CK7 (+), CA125 (+), WT-1 (+), PAX-8 (+), ER (10%+), P53 (95%), ki-67
(60%+), P16 (-), PR (-), CEA (-), HCG (-) molecular subtype. Post-operative chemotherapies of six cycles of paclitaxel
and carboplatin, as post-operative chemotherapy, were given (paclitaxel 210mg, day 1 + carboplatin 300mg, 1 day, every
21 days) according to guidance of Chinese Society of Oncology (CSCO). The serum CA125 level decreased to normal
range, and until October of 2020, neither the review color Doppler nor trunk PET-CT found any signs of tumor
recurrence.

After re-admission in June 2021, the pelvic MRI images found a large amount of peritoneal fluid, and PET-CT images
indicated new-onset metastases in the pelvic and left inguinal lymph nodes, as well as in the muscle of psoas major,
iliacus, and iliopsoas. The serum CA125 level rose above the normal range to 4523.48U/mL. Cytology analysis of the
ascites discovered a large amount of glandular tumor cells arrayed as papillae, and the immunohistochemistry results
were CK7 (+), ER (+), PAX-8 (+), P53 (+), CK20 (-), CDX-2 (-) (Figure 1). Considering the medical history, the patient
was diagnosed as post-operative recurrence of the ovarian serous carcinoma.

Based on the recognized platinum sensitivity/resistance definition, a combination therapy of paclitaxel, cisplatin, and
bevacizumab (paclitaxel 180mg, intravenous chemotherapy, 1 day + cisplatin 70mg, intra-peritoneal injection, 1 day +
bevacizumab 300mg, intravenous chemotherapy, 1 day, every 21 days) was given. After four cycles of the combination
therapy, blood cancer biomarker assay indicated that the patient was resistant to combined therapeutic regime including
platin. The serum CA125 level rose from 212.7U/mL during the third round of treatment to 225.8U/mL during fourth
round of treatment. At the same time, PDTO was established from the collected ascites.

To facilitate precise medicine for the patient, patient ascites-derived tumor organoids (PDTOs) were generated and
PTDO drug sensitivity assay was conducted (Figure 2). Maximal tumor cell inhibitory rate and relative half-maximal
inhibitory concentrations (ICs,) were determined (Table 1). The relative ICs values could reflect the clinical responses of
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Figure | (A) is a HE-stained sample (LM x200): a large amount of glandular tumor cells was seen to be arrayed as papillae, and the cells appeared to be vacuolated and had
enlarged nucleus, round shape, nucleolus, and basophilic cytoplasm. (B) and (C) are immunostained figures (LM x400); (B) is CK7 (+), and (C) is ER (+).

Figure 2 (A) Ascites organoid culture of recurrent ovarian cancer on day 0: in the microscopic view, multiple cell clusters were seen, and the cells were in rather good
condition. (B) Ascites organoid culture of recurrent ovarian cancer on day |: overall reproduction was rapid, and the general condition of the cell were well. The greatest
diameter for the organoid was |55um. Magnification of (A and B)x20.

the anti-tumor drugs, as drug sensitive: ICsq < 0.5; undefined area: 0.5 > ICsy < 1; drug resistant: ICsq >1. The drug
sensitivity results suggested that chemotherapy drugs topotecan, gemcitabine and targeted therapeutic drugs niraparib and
Fluzoparib may exhibit clinical anti-cancer effect as the 1Csq values of these drugs were 0.56, 0.81, 0.5 and 0.60,
respectively (Figure 3). The chemotherapy agent topotecan and the target therapy agent niraparib exhibited stronger
tumor cell inhibitory potency. The tumor cell inhibitory rates and IC for topotecan and niraparib were 94.29% and
99.39%, and 0.56 and 0.50, respectively (Figure 4).

The patient claimed that she had irregularly taken olaparib orally for 3 months since October 2020. Yet she still
suffered of the EOC relapse, suggesting that oral olaparib treatment may be ineffective against the recurrent EOC,
corresponding to PDTO drug sensitivity test. It is well known that nilaparil is one of the PARP inhibitors, and PARP
inhibitors work mainly by inhibiting catalytic activity and “trapping” ability. On the one hand, PARP inhibitors compete

Table | Maximal Tumor Cell Inhibitory Rate and Relative Half-
Maximal Inhibitory Concentrations (ICsp)

Drug Name ICso Inhibitory,,,.x Rate (%)
Topotecan hydrochloride 0.56 94.29
Gemcitabine hydrochloride 0.8l 70.70
Doxorubicin hydrochloride 1.67 87.01
Niraparib hydrochloride 0.50 99.39
Fluzoparib 0.60 82.98
Olaparib 7.60 34.88
Cisplatin+Paclitaxel 1.27 78.20
Carboplatin+Paclitaxel 1.48 90.09

Note: ICs, the concentration of drug required to inhibit 50% of cancer cells in vitro.
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Figure 3 Comparison of tumor ICs, of ascites organoid from recurrent ovarian cancer. (A) displays the ICso of doxorubicin hydrochloride, gemcitabine hydrochloride, and
topotecan hydrochloride; (B) displays the ICsq of fluzoparib, olaparib, and niraparib hydrochloride, and (C) displays the ICsq of the combination of cisplatin and paclitaxel,
and the combination of carboplatin and paclitaxel. The drug with the lowest ICs is considered to be the most effective choice.
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Figure 4 Comparison of tumor inhibitory rate of ascites organoid from recurrent ovarian cancer.

with nicotinamide adenine dinucleotide (niacinamide dinucleotide, NAD) to bind PARP, preventing the formation of
polyadenosine diphosphate ribose (PAR) chains and thus making DNA single-strand damage irreparable. On the other
hand, PARP inhibitors can bind to the NAD+ binding site of PARP to form a stable conformation that leads to
irreversible dissociation of DNA-PARP, thus making double-strand damage irreparable and eventually leading to
apoptosis. Based on current research evidence, PARP inhibitors for PSROC maintenance therapy have become the
standard treatment recognized in various guidelines. In addition, although the organoid inhibitory rates of platinum +
taxol can achieve 90% at the highest drug concentration. But the concentration of ICs, (which can reach half of the drug
concentration of tumor cell inhibition) is higher than the effective concentration, in the drug-resistant region. This is
consistent with patient’s lack of response to Taxol + Cisplatin + bevacizumab. Therefore, topotecan was selected as one
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Figure 5 CA125 value before and after the precise individualized treatment: before the establishment of ascites-derived organoid, CA125 was on a rise lately despite of the
initial treatment; after the individualized precise treatment based on the established ascites-derived organoid, CA125 value decreased gradually.

of the candidates of the therapeutic regimen. Integrating NCCN guideline for recurrent ovarian cancer treatment, the final
therapeutic regimen was composed of carboplatin, topotecan, and bevacizumab. After 3 cycles of combination therapy
(topotecan 200mg, intravenous chemotherapy, 1 day + carboplatin 300mg, intravenous chemotherapy, 1 day + bevaci-
zumab 400mg, intravenous chemotherapy, 1 day, every 21 days), the serum CA125 level decreased from 225.8 to 33.7 U/
mL (Figure 5).

The amount of peritoneal effusion can be divided into small amount, medium amount and large amount. In clinical
practice, ultrasound is commonly used to judge the classification of peritoneal effusion. For small amount of peritoneal
effusion, the peritoneal effusion can only be detected through ultrasound examination. The peritoneal effusion under
ultrasound is located in various spaces, and the depth is <3 c¢m. For medium amount of abdominal effusion, the
abdominal effusion floods the bowel under ultrasound, but not crosses the mid abdomen, and the depth is 3—10 cm.
For large amount of abdominal fluid, the abdominal effusion floods the whole abdominal cavity under ultrasound, and the
middle abdomen is filled with abdominal fluid, the depth is >10 cm. In addition, PET-CT image was used to perform
enhanced scanning of the patient’s pelvic cavity. After all the scanning, the image was processed. Combined with the
results of PET-CT images examination this time and last time, the size changes of abdominal tumors in patients were
compared, and the difference between the two was statistically significant. The transabdominal gynecological ultrasound
and PET-CT images indicated a clear reduction of the peritoneal effusion. In addition, a partially shrink of the metastatic
tumor sites within the pelvic cavity was observed (Figure 6).

Progression of the patient’s condition and accompanying interventions are illustrated in Figure 7.

Discussion

Ovarian cancer, being one of the most common gynecological malignancies, with surgery in conjunction with the
chemotherapy as its standard method of treatment, still has its relapse, ensued by the poor prognosis among the majority
of patients that has undergone the standard initial treatment.?® Current research shows that when mutations occur within
DNA repair pathways, there is an increased risk of chemotherapy resistance. The synthetic lethality of PARP inhibitors is
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Figure 6 (A—C) PET-CT scan from July 6th, 2021, when the recurrence of the ovarian cancer was first detected; (A and C) PET revealed abnormal intake of FDG, indicating
new-onset metastases in the pelvic and left inguinal lymph nodes, as well as in the muscle of psoas major, iliacus, and iliopsoas; (B) Axial-CT revealed effusion within the
pelvic cavity, and red arrows in (B) indicates the condition of ascites before the treatment; (D—F) PET-CT scan from December 27, 2021, after the individualized treatment
based on the medication sensitivity of the organoid: (D) Axial-PET found decreased FDG intake, indicating metastatic tumor sites within the pelvic cavity shrunk partially; (E)
Comparing with figure (B), the axial CT found apparent reduction of effusion within the peritoneal-pelvic cavity, and red arrows in figure (E) points to the area that shows
the condition of the ascites after the treatment; (F) PET found shadowing areas around the Hip joint, but there was no signs suggesting increased FDG intake; therefore, it
was considered to be a benign lesion, namely, left hip synovitis.

directed against BRCA mutations, which are emerging as novel targets for the treatment of epithelial ovarian cancer.
Among PARP inhibitors, olaparib, rucaparib, and niraparib have been approved by the FDA and/or the EMA in EOC in
different settings. Olaparib, rucaparib, and niraparib trap PARP approximately 100-fold more efficiently than veliparib.?’
The more specifically pathophysiological mechanism is still unclear, and there was no significant improvement in neither
the therapeutic effect nor the patient’s survival rate. For the recent years, the crux, being essentially the hotspot as well,
for the research and therapy of the ovarian cancer is to find and develop new treatment plan. Lately, molecular therapy for
the ovarian cancer has shown great potentials. However, target medications only work for some of the patients, and
sensitivity to the chemotherapy medications varies among patients. It is worthy to report that BRCA1/2 germline
mutations are the strongest known genetic risk factors for epithelial ovarian cancer and are found in 6-15% of the
women with epithelial ovarian cancer. The BRCA1/2 status can be used for patients’ counselling regarding expected
survival, as BRCA1/2 carriers with epithelial ovarian cancer respond better than non-carriers to platinum-based
chemotherapies. This yields greater survival, even though the disease is generally diagnosed at a later stage and higher
grade.”® As the front field of the precise medication develops, tumor organoid has shown great value as a new pre-clinical
disease model for the selection of the treatment regimen. Known for being able to maintain tumor’s heterogeneity,
organoid is formed in vitro by induced differentiation of the stem cell or the organ’s progenitor cell. By using stem cell or
organ’s progenitor cell as the raw material with the addition of extracellular basement membrane substitution, matrigel,
as the three-dimensional scaffold, results in the eventual formation of a three-dimensional cell cluster, namely, the
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22 months after the last cycle
chemotherapy, patient complained
about the reappearance of the
abdominal distension and pain.

Blood test

Significant abnormal elevation of the CA125 level.
PET-CT:

Presence of new-onset metastases and pelvic effusion.
Cytologic findings of the ascites:

Ovarian serous carcinoma cell from the post-operative
recurrence of the ovarian malignancy.

Therefore, patient received 4 cycles of
cisplatin+paclitaxel+bevacizumab.

After the completion of 3rd cycle of treatment,
CA125 level elevated to 225.8U/ml, and hence
this treatment plan was deemed to be ineffective.

Ovarian cancer organoid was constructed from the ascites; drug sensitivity
test was performed to guide individualized precise treatment.

Patient received 3 cycles of topotecan+carboplatintbevacizumab.

Blood test

CA125 decreased from 225.8U/ml to 33.7U/ml.

Individualized treatment
after the establishment of
organoid

PET-CT:

Apparent reduction of pelvic effusiontpartial shrinkage of pelvic
metastases.

the clinical response was good.

=
=
=
re
=

Figure 7 Case timeline.

organoid with the structures and functions alike the tissue in situ.’ Until now, organoid models for the bladder cancer,
stomach cancer, prostate cancer, pancreatic cancer, liver cancer, breast cancer, endometrial cancer, colon cancer, etc have
been reported. Heterogeneity is an important feature of the malignant tumor and the main cause of the anti-neoplastic
medication treatment failure. Ovarian cancer has a rather greater heterogeneity, and its oncogene type, prognosis, and
other factors vary quite differently. Organoid is capable of fostering various kinds of the ovarian cancer; in contrast with
other culture systems, organoid can maintain the ovarian cancer’s heterogeneity.*”

Tumor organoid bio-bank can be used for the medication development and high-throughput method for the medica-
tion screening.’! Researches have confirmed that patient tissue-fostered organoid has a certain predictive ability for the
clinical prognosis and a great potential to be used for the individualized treatment. Among the related studies concerning
the selection of the therapeutic medications, Maenhoudt et al, through assessing commonly used medications for
chemotherapy (paclitaxel, carboplatin, doxorubicin, gemcitabine) by the reaction of the high-grade serous ovarian cancer
(HGSOC) organoid, have found that ovarian cancer organoid displaying the specific sensitivity to different medications;
various medications have distinctive effects on the organoid from the same patient, indicating that ovarian cancer
organoid is potentially feasible to be used for the medication selection.’® Nanki et al have used 23 types of FDA-
approved medications to conduct sensitivity tests on the organoid derived from a patient with primary ovarian cancer,
showing that those organoids can be used to effectively select the individualized medication.*® Also, Nanki et al have
established 7 cases of ovarian cancer organoids, including 3 cases of HGSOC, 1 case of clear cell carcinoma, and 3 cases
of endometrioid carcinoma, all of which have undergone the drug sensitivity tests. It is found that ovarian cancer
organoid with the BRCA1 mutant is sensitive to olaparib, clear-cell-derived ovarian cancer organoid is resistant to the
routine chemo-medication, namely, platinum and paclitaxel, corresponding to the clinical findings of clear cell ovarian
cancer’s resistance to the platinum. McCorkle et al likewise have proved the theory that lapatinib and bozitinib could
directly inhibit the ABCBI1 transporter’s activity induced by the paclitaxel, via the establishment of paclitaxel-resistant

cell line and ovarian cancer organoid model.** Lapatinib and bozitinib in combination with paclitaxel in vitro
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collaboratively inhibit the over-expressed ABCBI1 ovarian cancer cell’s reproduction. Adding the FDA-approved
lapatinib into the second-line paclitaxel treatment for the recurrent ovarian cancer is a promising strategy.

In the related studies for genetic analysis and function, Hill et al have assessed the defects in the protection of
homologous reorganization and replication forks in 33 cases of HGSOC organoid constructed from 22 patients’ tumor
tissues, and have found that no matter which DNA repair gene mutation has occurred, the homologous reorganization
defect within the organoid always has something to do with the sensitivity to the inhibitor of PARP (poly(ADP-ribose)
polymerase), thus implying that PARP inhibitor could be the potential therapeutic medication for those patients.>> Even
more, the defect in the replication fork protection is associated with the sensitivity to the carboplatin, CHK1 (Checkpoint
Kinase 1) and ATR (Ataxia Telangiectasia and Rad3 related) inhibitors. Comparing with the genome analysis, function
assessment based on the organoid model can predict more precisely the therapeutic effect in the clinical practice. By
integrating the genome analysis and function assessment of the ovarian cancer organoid, targets including DNA damage
and repair defect can be better identified.

In the related researches for immune function, Gorski et al have found that the tumor organoids, based on the patient’s
tissues from the first-time or intermittent debulking surgeries, can be used to predict the clinical platinum sensitivity
status and study the driving factors for the resistance to the carboplatin.’® Wan et al established the unique bi-specific PD-
1/PD-L1 to handle the new model of the ovarian cancer organoid, and then immune function and single-cell RNA
sequencing transcriptional analysis were carried out on such organoid model.*” They found that in the process of treating
ovarian cancer via the immunotherapy, NK cells and a small amount of CD8+ T cell could enhance the therapeutic effects
by participating in the cellular activity and cytotoxic process. Besides, the clinical models have demonstrated that PARP
inhibition inactivates GSK3 and upregulates PD-L1 in a dose-dependent manner. Consequently, T-cell activation is being
suppressed, resulting in enhanced cancer cell apoptosis.*®

To sum it up, organoid is a novel and reliable type of pre-clinical models that can be used in the ovarian cancer
research. Ovarian cancer organoid derived from the patient’s tissue is an in vitro tumor model that is highly homologous
to the primary tumor in its histological and genetic characteristics. Organoid is capable of precisely replicating the
complicated structures, functional characteristics, and response to the medications of the in -vivo tumor of the patient;
therefore, organoid is a pre-clinical model for the individualized treatment planning, and it promotes greatly the
development of both translational and precision medicine for ovarian cancer. Organoid model for ovarian cancer can
be constructed within a short amount of time and then be assessed for medication sensitivity and resistance; by cutting
down not only the cost but also the preparation time needed to start the therapy, organoid is going to play a key role in the
selection of anti-ovarian cancer medications and guidance of individualized treatment.

For this report, some limitations exist. In the course of our research, Bevacizumab is a humanized anti-VEGF
monoclonal antibody that binds to VEGF with high affinity and specificity, thus blocking the binding of VEGF to its
receptor. It can block the growth and metastasis of tumor by inhibiting the angiogenesis of tumor and its metastatic site.
But the organoid model does not contain endothelial cells, which cannot form blood vessels for the time being, so it is not
possible to detect drugs that target blood vessels. Although organoids have a wide range of potential applications, the
current organoid model still has limitations. First, organoid models have no natural microenvironment, including
surrounding mesenchymal, immune cells, nervous system, or muscle layers. The solution to this limitation is to further
improve the systematic construction of organotypic culture, such as supplementing related immune cells, co-culture cells,
stromal cells or nerve cells, etc. Secondly, it is still difficult to establish a model of the immune microenvironment around
the tumor. The tumor immune microenvironment is in the process of dynamic change. Meanwhile, different tumor types
and individual patients have different immune microenvironments. Finally, regulatory factors or other small chemical
molecules in the medium may have significant effects on gene expression and signaling pathways in organoids and may
influence drug sensitivity. This problem needs our attention and further solution.>'*%*° One such limitation is more
studies need to be done for clarification concerning the integration of ovarian cancer organoid models together with the
genetic and immunologic function and the mechanism behind such application in the target therapy and immunotherapy.
The other limitation is that the loss of contact with the patient after following up for a while. Therefore, whether and how

the organoid application in the ovarian cancer treatment affects the progression-free survival is not clear.
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Conclusion

In this current case, ovarian cancer organoid model was established out of the patient’s ascites; the model was assessed
for medication selection to shorten the time for treatment and lower the cost. The organoid model played an important
role in this patient’s individualized treatment for the ovarian cancer. This case provides the clear clinical evidences for the
ovarian cancer model establishment and individualized treatment for the recurrent ovarian cancer under the guidance of
the drug sensitivity test.
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