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Introduction

Endometrial cancer (EC) is ranked as one of the three 
most common malignant tumors of the female genital 
tract. Statistics from the United States show that in 2019, 
there were 61,180 individuals living with EC and 12,160 
associated deaths, placing it as the sixth leading cause of 
systemic tumor mortality (1). In China, EC is the second 
most common gynecologic malignancy after cervical cancer, 
with incidence and mortality rates of 63.4/100,000 and 
21.8/100,000, respectively (2) Furthermore, in recent years, 
the incidence and mortality of EC have shown an increasing 
trend. For the 70% of EC patients who are diagnosed with 
stage I disease, the recurrence rate is extremely low and 
the prognosis is usually good; however, for patients with 
advanced or specific pathological types of EC, the prognosis 
is poor. Previous studies have shown that while the 5-year 

survival rate for endometrioid carcinoma is 83.2%, this 
decreases to 28.6% for stage Ⅳ EC (3) and 52.6% for 
uterine serous carcinoma (USC) (4), respectively. 

Metastasis of EC mainly manifests as local recurrence, 
which typically occurs in the pelvic cavity or para-aortic 
lymph nodes. Distant metastasis, however, is extremely rare 
and most frequently affects the liver, lung, and bones (5). 
Brain metastasis from EC has an incidence of only about 
0.3–1.16% (6); however, the increase in the survival of EC 
patients in recent years has also seen a rise in the number of 
patients with brain metastases (7). Brain metastasis of EC 
has a poor prognosis, with a median survival time of only 
3.5–6.5 months from the diagnosis of metastatic disease (6), 
and a 2-year survival rate of 13.6%. Previous studies have 
demonstrated that the median time from initial diagnosis 
of EC to brain metastasis is approximately 33 months. In 
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Cohen et al.’s study (8), the mean survival time of patients 
with brain metastasis of EC was only about 1–2 months 
after the diagnosis of brain metastasis of EC. Therefore, 
the discovery of effective and appropriate treatments 
for EC patients with brain metastasis is vital. Although 
radiotherapy combined with surgery has been reported to 
effectively increase the survival rate of brain metastasis of 
EC, few studies to date have investigated treatments for 
patients with brain metastasis of EC, and the characteristics 
and best treatment regimens for such patients have yet to be 
described (9-18). 

In a study of preclinical tumor models, Niraparib was 
found to enter the brain via the blood–brain barrier, which 
resulted in a higher concentration of the drug in the brain 
tissues and better tumor-suppressing effects (19).

We present the following article in accordance with 
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-113).

Case presentation

A 62-year-old woman with a body mass index of 21.23 kg/m2 
presented noticed abnormal vaginal bleeding in October 
2017. The patient had previously been in good health, 
with no history of hypertension or diabetes, and no familial 
hereditary diseases. In October 2017, the patient underwent 
hysteroscopic endocervical curettage. Postoperative 
pathological  examinat ion suggested endometr ia l 
adenocarcinoma (Figure 1). Full abdominal computed 
tomography showed a space-occupying lesion in uterus 
(3.1×3.0×3.0 cm), as well as enlargement of the lymph nodes 

in the right iliac fossa. In November 2017, the patient 
underwent laparoscopic radical hysterectomy + bilateral 
adnexectomy + pelvic lymph node dissection + para-
aortic lymph node dissection. Postoperative pathological 
examination showed high-grade USC invading the full 
thickness of uterus, and a cancerous embolus (5×3×2 cm) 
was found in the vessel. Immunohistochemistry revealed 
MS2(+), MSH6(+), MLH1(+), MSH2(+), ER(−), PR(−), 
p53(−), Ki67(70%+), p16(+), and WT1(+). No obvious 
abnomalitis were observed in the internal cervical os or 
bilateral para-uterine tissues, nor did the bilateral oviducts 
or ovaries show any abnormalities. Metastasis was detected 
in the right pelvic lymph nodes (2/8), while the other lymph 
nodes showed reactive hyperplasia (left pelvic, 0/5; left 
common iliac, 0/4; right common iliac, 0/2; and para-aortic, 
0/2). Postoperative pathological staging was stage IIIC1 
high-grade USC. 

The patient subsequently underwent six cycles of 
chemotherapy with liposomal doxorubicin plus carboplatin 
(from November 25, 2017 to April 10, 2018). Postoperative 
follow-up showed a reduction in the patient’s CA125 levels 
from 227.3 U/mL before the operation to 30.75 U/mL (normal 
level) in March 2018. Blood CA125 tests and imaging 
examinations were performed after the completion of 
chemotherapy, showing normal results. 

In February 2019, the patient was admitted to the 
hospital with headache and myasthenia of the limbs. 
Cranial magnetic resonance imaging (MRI) examination 
showed multiple space-occupying lesions in the bilateral 
parietal-occipital lobes and right cerebellar hemisphere, 
which were considered as brain metastases, considering 

Figure 1 From left to right is postoperative pathological (HE ×100), immunohistochemistry (p53 mutation) and immunohistochemistry (p16 
positive).
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the patient’s medical history (Figure 2). Whole-body 
positron emission tomography/computed tomography 
revealed post-EC surgery changes. The nodules in the 
right parietal lobe and bilateral occipital lobes showed 
abnormal 18F-fluorodeoxyglucose uptake accompanied 
by peri-nodular edema, which suggested brain metastases; 
no such abnormality was found in the abdominal cavity, 
retroperitoneum, or pelvic cavity. Also, the CA125 
level in the patient’s blood was increased to 38.4 U/mL. 
Consequently, in March 2019, the patient was given whole-
brain radiotherapy (WBRT) with a dose of 30 Gy/10 fx,  
accompanied by 3DRT and oral administration of 
temozolomide (150 mg/d). On May 9 2019, the patient 
reported that the symptom of headache had improved 
substantially. Re-examination with cranial MRI showed 

that the lesions had shrunk compared to before treatment, 
and the peri-lesion edema was also evidently reduced 
(Figure 3). In July, however, the patient reported dizziness, 
distension in the head, astasia, and nausea, and cranial 
MRI examination was once again performed. Multiple 
intracranial brain metastases were detected. The largest 
lesion (2.1×1.5 cm) was located at the left paracele, and 
another large lesion (0.6×0.4 cm) was found at the left 
occipital lobe; the lesions were larger than those detected 
previously (Figure 4). Earlier microsatellite stability 
assessment (on March 15, 2019) had shown microsatellite-
stable disease. Peripheral blood gene detection in April 
2019 had shown BRCA1 mutation. Therefore, on July 23, 
2019, oral administration of Niraparib was initiated. As 
the bodyweight of the patient was <77 kg, an initial dose of  

Figure 2 MRI of multiple intracranial metastases on March 7, 2019 (metastases circled in red; edema in green). 

Figure 3 The intracranial metastatic lesions were reduced in size on May 9, 2019 compared to 2 years before, with the brain edema also 
reduced. 
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200 mg qd Niraparib was prescribed. Blood routine 
monitoring was performed every week during the first month of 
treatment, and once a month thereafter. During the treatment, 
only mild anemia (lowest hemoglobin level of 110 g/L) and 
platelet reduction (lowest value of 103×109/L) were observed. 
The patient resumed normal walking and could perform her 
previous agricultural tasks by September 2019. She experienced 
no discomfort, such as headache or distension in the head. Re-
examination on November 21 2019, showed the CA125 level 
to be 29.35 U/mL. Cranial MRI examination on December 3 
showed that the lesions had shrunk, the peri-lesion edema had 
ameliorated substantially, and the lesion of the left occipital lobe 
had shrunk substantially (Figure 5). Oral intake of Niraparib 

was continued until March 2020, at which point the patient 
again reported discomfort including headache (Figure 6). Re-
examination by cranial MRI in the local hospital suggested 
new metastases in the right cerebellar hemisphere as well as 
a slight size increase in the metastases in the right parietal 
lobe, while no evident change of the metastases in the left 
parietal lobe and occipital lobe was observed (Figure 7).

Written informed consent was obtained from the patient 
for publication of this study and any accompanying images. 
All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee(s) and 
with the Helsinki Declaration (as revised in 2013). 

Figure 4 The intracranial metastatic lesions were increased in size and enlarged in the parenchymal tissues on August 7, 2019; peri-lesion 
edema was also evident, and the lesion in the left occipital lobe was enlarged (metastases circled in red; edema in green).

Figure 5 The multiple metastases in the bilateral parietal-occipital lobes and right cerebellar hemisphere were decreased in size, and the 
peri-lesion edema was reduced. 
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Discussion

Brain metastasis of EC

In cases of metastatic EC, the disease mainly spreads to the 
pelvic cavity and para-aortic lymph nodes via the lymphatic 
ducts. The second most common route of metastasis is 
hematogenous spread, mainly to the lung, liver, and bone (5). 
Brain metastasis of EC is extremely rare, but its occurrence 
is associated with a poor prognosis. To date, the risk factors 
for brain metastasis of EC have not been fully elucidated, nor 
have the optimal treatments for patients with this disease (20). 
Gien et al. (21) reported that about two-thirds of patients 
with brain metastases from EC had advanced disease (stage 
III/IV), and 80% of these patients had the high histological 

stage (G3). Moreover, Petru (22) reported the majority of the 
patients (>90%) were found to have brain metastasis after the 
diagnosis of EC, and the median time from initial diagnosis 
of EC to brain metastasis was 17 months. However, few 
patients (<10%) were found to have brain metastasis before 
the diagnosis of EC. Brain metastasis of EC can involve a 
single lesion in the brain without metastases in other parts of 
the body, or multiple intracranial metastases with multiple 
metastases in other organs (23). Supratentorial lesions are the 
most common intracranial metastases in EC, accounting for 
75% of all intracranial metastases in EC (20). The patient 
reported in the present case study was clinically diagnosed 
with stage IIIc1 EC, and histopathological examination 
showed G3 USC, which is a high-risk factor for brain 

Figure 6 Case history.

Figure 7 A new metastatic lesion appeared in the right cerebellar hemisphere in March 2020; the area of the metastases in the right parietal 
lobe was slightly increased, and no evident changes were found in the metastases in the left parietal or occipital lobes.
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metastasis. The time to brain metastasis after EC diagnosis 
and the initial EC treatment was 16 months and 10 months, 
respectively. The brain metastases manifested as multiple 
intracranial lesions and were not accompanied by multiple 
metastases in other parts of the body.

Patients with brain metastases of EC generally exhibit 
neurological symptoms, such as ataxia, unsteady gait, 
myasthenia of the limbs, hemiplegia, memory loss, paresthesia, 
diplopia, hearing disorders, and visual impairment (24). The 
patient in the present case study showed recurrence of the 
multiple intracranial lesions, which was accompanied by 
neurological symptoms including headache, numbness of the 
lower limbs, myasthenia of the limbs, and difficulty walking. 
These findings suggested that for EC patients with neurological 
symptoms, brain metastasis should be considered.

The treatment of brain metastasis has gradually expanded 
from WBRT alone to also include comprehensive treatment 
methods, such as surgical resection (craniotomy), stereotactic 
radiotherapy (SRT), molecular targeting treatment, and 
chemotherapy. Although brain metastases are the most 
common intracranial brain tumors, treatment methods vary 
according to the number, size, and location of the lesions, as 
well as the overall prognosis. As only a few cases have been 
reported, no standard treatment method exists for brain 
metastasis in patients with EC. Generally, such lesions are 
treated according to the general principles of neurological 
surgery. For instance, patients with a single metastatic brain 
lesion could undergo resection followed by WBRT, whereas 
for patients with multiple metastatic brain lesions, WBRT 
alone could be administered (5). SRT has clinical efficacy for 
the treatment of brain metastasis. Early detection of brain 
metastases is critical, as the lesions are generally small in the 
early stage with no evident peri-lesion edema and can be 
resected more easily. SRT also has fewer complications (25).

Gien et al. (21) reported that six of the eight patients 
in their study showed an improvement of neurological 
symptoms following treatment. However, the symptoms 
recurred in one patient 3 weeks later and in two other 
patients 1 month later (the data of the other three patients 
were not available). The symptoms of our patient also 
worsened at 2 months after WBRT, suggesting the 
recurrence of intracranial metastatic lesions.

Application of poly (adenosine diphosphate-ribose) 
polymerase (PARP) inhibitors

Mechanisms involved in the effects of PARP inhibitors
PARP is a non-histone chromosomal protein in eukaryotes, 

which plays a critical role in DNA damage repair. PARP 
enzymes can recognize and repair single-strand DNA 
damage. If single-strand DNA damage is not repaired, 
it progresses to double-strand DNA damage. In normal 
cells, double-strand DNA damage can be repaired via 
homogenous recombination (HR) pathways, and cells 
can still survive after the DNA damage has been repaired. 
However, simultaneous dysfunction of PARP-dependent 
single-strand DNA damage repair and HR repair results 
in cell death; this has been described as the “synthetic 
lethality” effect (26). In tumor cells with HR defects, such as 
cells with breast cancer susceptibility gene (BRCA) 1/2 gene 
mutations, the HR pathway-mediated repair of double-
strand DNA damage is not activated. PARP inhibitors 
can then block the repair of single-strand DNA damage, 
thus inducing synthetic lethality and subsequent tumor 
cell apoptosis. Meanwhile, in normal cells, homologous 
recombination repair (HRR) functions normally; thus, 
DNA damage can be repaired, even in the presence of 
PARP inhibitors, preventing cell apoptosis. Therefore, 
PARP inhibitors can induce the synthetic lethality effect to 
selectively bring about the death of HRR-deficient cells. 

Various genes participate in the HRR process. For 
instance, mutations of ATM, ATRX, ARID1A, and 
CHECK2, as well as hypermethylation of the RAD51C 
gene, amplification of the EMSY gene, and deletion 
or mutation of the PTEN gene possibly induce HRR 
dysfunction in cells (27). Therefore, PARP inhibitors 
could exert a tumor-killing effect in tumor cells with such 
genetic change. Heeke et al. (28) used next-generation 
sequencing (NGS) to analyze HRR-related genes in 
52,426 solid tumors; in the 1,475 EC patients involved, the 
mutation rate of HRR-related genes was 34.4%, meaning 
EC ranked first among these solid tumors. Mutations of 
ARID1A were found to be the most common mutations in 
EC, accounting for 27.45% of all the HRR-related gene 
mutations. Furthermore, the total mutation rate of BRCA1 
and BRCA2 was only 4.34% in EC. Therefore, EC is the 
tumor with the highest prevalence of HRR gene mutations, 
and thus, PARP inhibitors could play an important role in 
treating EC.

Evidence from clinical practice shows that 70–80% of 
EC patients have deletion of the tumor suppressor gene 
PTEN (29). Previous studies have demonstrated that the 
PTEN protein can influence the HR-mediated repair of 
double-strand DNA breaks and cell cycle checkpoints, and 
thus plays an important role in maintaining genetic stability. 
Based on these findings, the PARP inhibitor olaparib 
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was used to treat two EC patients with PTEN defects 
and achieved good efficacy (30). Two in vitro studies also 
demonstrated that PARP inhibitors have killing effects on 
EC cell lines with PTEN dysfunction (31,32). Currently, 
PARP inhibitors are being investigated in several clinical 
trials of targeted therapies for EC. PARP inhibitors are 
potentially important drugs to increase the clinical efficacy 
of chemotherapy and radiotherapy in patients with EC.

Types of PARP inhibitors
The PARP family includes 17 members, of which PARP1 
is the most widely investigated. PARP1 accounts for 
over 90% of the PARP family functions in cells. PARP1 
inhibitors were initially used as sensitizers in chemotherapy 
and radiotherapy treatment of cancer patients, as they can 
inhibit DNA repair in tumor cells damaged by radiotherapy 
or chemotherapy to exert synergetic anti-cancer effects. 
However, with the introduction of the concept of synthetic 
lethality, it is possible to treat cancers with BRCA gene 
mutations with monotherapy with PARP1 inhibitors (33). 
In December 2014, olaparib, which was developed by 
AstraZeneca, was approved by the United States Food and 
Drug Administration (US FDA). As the first small-molecular 
PARP1/2 inhibitor to be approved, olaparib achieved 
satisfactory effects in the treatment of breast cancers and 
ovarian cancers with BRCA1/2 gene defects (34,35). In 
December 2016, rucaparib, another PARP1/2 inhibitor, was 
also approved for the treatment of advanced ovarian cancer 
patients with BRCA mutations who have received ≥2 lines of 
chemotherapies (36). Shortly after, Niraparib was approved 
by the US FDA in March 2017 for the treatment of 
recurrent epithelial ovarian cancer, fallopian tube carcinoma, 
and primary peritoneal cancer, as well as for maintenance 
therapy in adult patients with complete or partial response 
and without BRCA genotype measurement results. 
Talazoparib, the most powerful PARP1 inhibitor currently, 
was approved in October 2018 for the treatment of locally 
advanced or metastatic HER2-negative breast cancers with 
BRCA mutations (37).

Niraparib
Niraparib, which was approved in 2017, is a highly selective 
powerful PARP-1 and -2 inhibitor used as monotherapy 
for patients with tumors with HR repair defects. It can also 
be combined with cytotoxic agents and radiotherapy as a 
sensitizer, or with immunological anti-tumor biological 
agents.

Niraparib has been or is being evaluated in 17 phase I–

III clinical studies performed by TESARO. As of August 
2019, 1,653 patients had been treated with at least one dose 
of Niraparib by TESARO; these patients comprised the 
safety analysis set. The highest dose in the phase I trial was 
400 mg QD, the dose-limiting toxicity (DLT) of which was 
thrombocytopenia. The recommended dose of Niraparib in 
the phase II trial was 300 mg QD, which was subsequently 
approved as a maintenance therapy for adult patients 
with recurrent epithelial ovarian cancer, fallopian tube 
carcinoma, and primary peritoneal carcinoma who achieved 
complete remission or partial remission after platinum-
based chemotherapy.

Data about the effectiveness and safety of Niraparib as a 
maintenance therapy for patients with recurrent epithelial 
ovarian cancer with sensitivity to platinum were mainly 
obtained in the stage III NOVA study (37). The study 
included 546 patients treated with Niraparib or a placebo. 
The findings showed that daily oral intake of Niraparib 
prolonged the effects of platinum-based chemotherapy in 
a large number of patients, improved the progression-free 
survival, and reduced the risk of recurrence or death.

In a study of preclinical tumor models, Niraparib was 
found to enter the brain via the blood–brain barrier, which 
resulted in a higher concentration of the drug in the brain 
tissues and better tumor-suppressing effects. However, the 
same effects were not observed in the olaparib group (19). 
Based on these findings and the examination results of 
BRCA1 mutation, we selected Niraparib for the treatment 
of our patient, who experienced disease recurrence after 
developing brain metastasis of EC. The treatment showed 
clinical efficacy, with the patient achieving progression-free 
survival lasting 6 months.

With the wide application of PARP inhibitors in patients 
with ovarian and breast cancer patients, the safety and 
clinical efficacy of PARP inhibitors have been further 
verified. Although various PARP1/2 inhibitors have been 
approved to date, these drugs generally have low subtype 
selectivity; therefore, they could also inhibit the activity of 
PARP2 as well as that of PARP1, thus inducing side effects 
such as chronic anemia.

Prospective PARP inhibitors for the treatment of EC
With the wide application of PARP in treating ovarian and 
breast cancers, the safety and clinical efficacies of PARP 
inhibitors have also been further demonstrated, while 
monotherapy or combined therapy of PARP inhibitors for 
EC is still being investigated in clinical trials.

Gockley et al. (38) reported the first case of recurrent 
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EC treated with olaparib in 2018. The patient had highly 
differentiated, stage IA endometrioid adenocarcinoma 
and underwent laparoscopic total hysterectomy (having 
previously received bilateral adnexectomy). Postoperative 
pathological examination revealed that the tumor was  
3.1 cm in size. The patient had no other high-risk 
factors and had not been treated with adjuvant therapy. 
Chemotherapy, radiotherapy, and re-operation were 
performed on the patient after multiple recurrences, and 
an allergy to carboplatin was found during chemotherapy. 
Genetic examination of the patient showed germline and 
somatic BRCA2 mutations; thus, the patient was prescribed 
olaparib monotherapy (300 mg, twice a day, oral intake). 
Magnetic resonance imaging after 10 months of olaparib 
treatment showed that the size of the local tumor had 
reduced from 5.6×3.9 cm to 2.2×1.5 cm, and the tumor 
remained stable for 15 months. An open-label phase II 
clinical trial (NCT03016338) of Niraparib for recurrent EC 
was initiated in November 2017 and is currently ongoing. 
The trial, which was designed to include 44 patients, 
will be completed in September 2022. Another multi-
center, double-blind, randomized, phase II clinical trial 
(NCT03745950) of olaparib for the treatment of platinum-
sensitive advanced EC was initiated in February 2019. The 
trial includes 147 patients, divided into the study group and 
placebo group, and will be completed in December 2024. 
The findings of these studies are highly anticipated. 

Multiple clinical studies are currently being performed 
to investigate the treatment of EC using the combination 
of PARP inhibitors with PI3K/AKT/mTOR pathway 
inhibitors,  anti-angiogenesis agents,  and immune 
checkpoint agents. More studies are needed on the clinical 
efficacy, safety, and biomarkers of EC treatment, as are 
studies to determine the patients who will best benefit, 
the best drug combinations, and the health-economic 
effectiveness.

Conclusions

Despite its low incidence, brain metastasis from EC has 
a poor prognosis and substantially reduces the quality of 
life of patients. Niraparib was selected for the treatment of 
the patient in the present case study due to the following 
reasons: (I) the patient had a gBRCA1 mutation; and (II) 
previous in vitro studies have demonstrated that Niraparib 
can pass through the blood-brain barrier. The patient 
is still taking Niraparib treatment and had achieved 
progression-free survival lasting 6 months ended in March 

2020; moreover, her quality of life has been substantially 
increased. The patient could not walk before the treatment 
but has since regained the ability to stand, and is even 
performing daily activities and agricultural tasks. No evident 
side-effects have been observed. Therefore, we can proudly 
announce that this is a successful case of the treatment of 
brain metastasis in a patient with EC. However, due to the 
re-progression of the intracranial metastatic lesions, the 
patient underwent combination therapy of Niraparib plus 
an anti-angiogenesis agent, which helped to regain clinical 
remission.

Patient perspective

The patient felt desperate when she was informed multiple 
intracranial brain metastases. But things took a turn when she 
started taking Niraparib. She was grateful that we had tried.
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