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Manuscript
Choroid plexus tumors (CPTs) are rare, intraventricular neoplasms 

that originate from the epithelial cells of the choroid plexus [1-4]. CPTs 
account for 0.4% to 0.6% of all central nervous system (CNS) tumors 
[1,2,5,6]. The incidence of CPTs are slightly higher within the pediatric 
population, as they represent 1.5%-3.9% of all CNS tumors in this 
age group [5]. CPTs include both benign and malignant variants. The 
majority of CPTs are benign choroid plexus papillomas, which exhibit 
excellent prognosis [7]. Choroid plexus carcinomas (CPC) are rare, 
malignant neoplasms that represent 20-30% of CPTs in children [5].
CPC is primarily a pediatric malignancy, as 80% of them occur in the 
pediatric population [2]. The median age for CPC development is 26 
to 32 months old [2,6]. The World Health Organization (WHO) has 
classified a CPC as a WHO grade III, and prognosis is poor with a five 
year survival rate of approximately 40% [2,8].  Histologic features include 
necrotic and cystic regions, distortion of the papillary pattern, increased 
mitotic figures, and nuclear pleomorphism [1,2,9]. Two-thirds of CPCs 
spread into the cerebrospinal fluid (CSF) and disseminate throughout 
this pathway [5]. In children, CPCs are most commonly found in the 
lateral ventricles, in contrast to adults who most frequently develop 
these tumors in the fourth ventricle [10]. This malignancy typically 
presents with signs of hydrocephalus and increased intracranial 
pressure [7]. Although the exact mechanism is unclear, this is believed 
to be due to overproduction of CSF by the tumor cells, blockage of CSF 
flow, or impaired CSF absorption [7,8].

We report an unusual case of a pediatric patient with a choroid 
plexus carcinoma (WHO grade III) with oncocytic changes, who 
survived for seven years.
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Case Report 
A 14-month-old female presented to the emergency department 

with a sudden onset change in mental status following a fall from a couch. 
Several weeks prior to the accident, it was noted that the patient had 
mild macrocephaly and was losing developmental milestones including 
her ability to walk. In the emergency department, it was observed that 
the patient was lethargic, had right hemiparesis, as well as a sluggish 
and slightly dilated left pupil. An emergent computed tomographic 
(CT) scan revealed a 10 cm x 8 cm hemorrhagic tumor arising from the 
left lateral ventricle. After the CT scan, the child became comatose and 
required intubation while in the emergency department. A Magnetic 
Resonance Imaging (MRI) scan of the brain was ordered. The MRI 
revealed a large, hemorrhagic, left intraventricular heterogeneous 
tumor with multiple stages of bleeding (Figures 1A-1D). 

The patient was promptly taken to the operating room, and an 
emergent left parietal craniotomy and gross total resection (GTR) 
was performed. A post-operative MRI was done the day after surgery 
(Figures 2). Figure 2 demonstrates a clean surgical bed with no 
evidence of residual tumor. Pathological findings were consistent 
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with a malignant CPC displaying both papillary and solid elements. 
Initial cytology of the CSF came back positive, but was subsequently 
confirmed to be negative. 

After her incision healed, she was cleared for chemotherapy two 
weeks after surgery. The patient started chemotherapy at 14 months of 
age. Her treatment regimen consisted of four cycles of etoposide (VP-
16), Temodar, Cytoxan and vincristine, and two cycles of oral VP-16 and 

temozolomide with vincristine. Her MRI one month post-operatively 
revealed a second mass in the left cerebellopontine angle (CPA), which 
was most likely metastatic tumor from the ventricle. No other lesions 
were observed in the patient’s MRI of the spine. At this time, the patient 
had lost several developmental milestones. 

At 15 months of age, the patient underwent high dose chemotherapy 
with an autologous stem cell harvest to help the patient recover from 
treatment. At her two month follow-up appointment, the patient 
reportedly received physical therapy once a week. The patient was 
catching up with her developmental milestones. 

At 27 months of age, the patient had a follow-up MRI of the brain 
and spine. A recurrent tumor in the posterior surgical bed measuring 
approximately 1.21 cm by 1.02 cm was reported in the atrium of the 
left ventricle (Figure 3). Additionally, minimal enhancement was noted 
near the conus at L1 on her spine films. The left CPA enhancement 
was unchanged. At this time, the neurosurgical team recommended 
an emergent craniotomy and resection of recurrent tumor within the 
posterior parietal resection cavity. The patient underwent a GTR and 
did well post-operatively. She tolerated the last round of Temodar and 
VP-16 without complication.

At three years of age, she underwent craniospinal radiotherapy with 
high energy photons through a collimator involving 3600 cGy at 180 
cGy fractions, in addition to a coned down field modification boost of 
1800 cGy to 1980 cGy. 

The patient was in remission for approximately three and a half 
years following the completion of all therapeutic interventions. At this 
time, a follow up MRI of the patient’s brain revealed findings compatible 
with metastatic tumor progression. A new heterogeneously enhancing 
mass measuring 3.6 cm x 3.1 cm transaxially and 3.8 cm craniocaudally 
was observed subadjacent to the patient’s prior left parietal craniotomy. 
In addition, findings included enlargement of subadjacent foci of gliosis 
and encephalomalacia communicating with the ventricular system 
suggesting CSF tumor spread (Figure 4). Imaging also revealed two 
lesions in the liver. The patient was six years and three months old with 
reoccurrence of her CPT. 

Palliative care was offered to the family and was being considered. 

 A      B 

 C     D  
Figure 1: Pre-operative MRI brain with IV contrast demonstrating the left 
lateral ventricular choroid plexus carcinoma (A) T1W1 axial view 1, (B) T1W1 
axial view 2, (C) T1W1 axial view 3, (D) T1W1 axial view 4.

 A     B 
Figure 2: Post-operative MRI brain with IV contrast after tumor resection (A) 
T1W1 axial view; (B) T1W1 coronal view. 

Figure 3: Follow-up MRI scan with IV contrast demonstrating recurrent tumor: 
T1W1 axial view.
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However, approximately two weeks later, the patient presented to 
the emergency department with signs and symptoms of right–sided 
weakness and increased intracranial pressure. She was admitted 
through the emergency department, and a decision was made to pursue 
a third tumor resection although the surgery would most likely not be 
curative. The patient underwent a left parietal craniotomy and GTR of 
the recurrent tumor. No intraoperative complications were reported. 
Pathology revealed a recurrent CPC diagnosed at WHO grade IV. At 
this time, chemotherapy was re-administered. 

Unfortunately, approximately one year later recurrent tumor was 
noted on follow-up MRI with contrast (Figures 5). Hospice care was 
recommended. The patient was now seven years and nine months old. 
Months after palliative care commenced the child passed away at home 
with her family present.

Discussion 
CPC is a rare, malignant neoplasm derived from choroid plexus 

epithelium. CPCs are challenging to surgically resect due to their 
intraventricular position and high vascularity [1]. Many of these tumors 
are large at initial presentation. Tumor recurrence and dissemination 

are frequently seen with CPC due to the difficulty of complete resection 
and the malignant nature of these tumors [1]. As we observed with our 
patient, the high vascularity of this tumor places patients at an increased 
risk for excessive intra-operative blood loss, which led to the need for 
several blood transfusions in our case. Intra-operative blood loss is a 
major cause of morbidity and mortality in pediatric patients [1].

At the present time, there is no established protocol for the treatment 
of CPCs [2]. GTR is the primary goal, however this is accomplished in 
only 40-50% of cases [2]. Several studies compare the results of total 
versus incomplete resection, establishing GTR as the best possible 
treatment if possible. In a study of patients with CPCs by Bettegowda et 
al. 80% of patients who received GTR remained in remission. However, 
only 17% of subjects who received incomplete resection remained in 
remission, with 83% experiencing relapse [7]. Wrede et al. conducted 
a study of 347 patients with CPC, also comparing those who had 
underwent a complete resection versus subtotal resection [11]. The 
two year survival rate was 72.9% for patients with complete resection, 
and 41.9% for patients with partial resection. In the case of subtotal 
resection, a second surgery is recommended [11]. In this same study, 
22.6% of subjects with residual tumor received a subsequent surgery. 
The two year survival rate for these patients increased to 69%, compared 
to a two year survival rate of 30% in those who did not have a second 
surgery [11]. 

Therapeutic intervention remains controversial and should be 
considered on a case by case basis [1,2,12,13]. Despite multiple reports 
about the benefits of chemotherapy and radiation therapy, medical 
treatment for this tumor type is not curative [3]. In a study of an eight 
month old infant who achieved remission with chemotherapy, local 
tumor recurrence was reported 13 months after initiation of treatment 
[14]. CPCs are aggressive tumors and have a high incidence of recurring 
and spreading to multiple regions of the body [1]. Several articles 
recommend chemotherapy before tumor resection in order to increase 
the probability of complete removal by shrinking the tumor in size and 
vascularity [1,3,12,15,16] Souweidane et al. reports a patient whose 
tumor size shrank by 29.5% after receiving three cycles of chemotherapy 
consisting of VP-16, cyclophosphamide, vincristine, and cisplatin [16]. 

However although total surgical resection was achieved, the patient 
reportedly was only in remission for 31 months [16]. In an article by St. 
Clair et al. pre-operative chemotherapy including VP-16, ifosfamide, 
and carboplatinum allowed for a safer two-stage tumor removal, due to 
reduction of tumor vascularity [3]. 

It is believed that radiation alone, chemotherapy alone, or combined 
therapy following subtotal resection can increase survival rate, 
although this remains controversial [7]. Radiation therapy alone was 
not suggested for CPCs in the pediatric patient population due to the 
intolerable and undesirable side effects [1,15,17]. Several articles support 
the use of post-operative treatments such as combined therapies or 
adjuvant chemotherapy alone [12,15,17,18]. In a case report written by 
Arico et al. a three month old infant went into remission after receiving 
chemotherapy and delayed irradiation following a non-complete tumor 
removal [12]. The patient was still in remission 8 years later with only 
small psychomotor and endocrine deficits [12]. In a study of patients 
with CPC by Berger et al. 11 subjects who had undergone incomplete 
resection received post-operative chemotherapy. Four of the 11 patients 
experienced a complete response with chemotherapy [19]. A systematic 
literature review was performed by Sun et al. to determine the overall 
survival rate of patients who received post-operative monothereapy 
compared to combined treatment [13]. The study concluded that 
combined therapy versus chemotherapy alone yielded increased 

Figure 4: Follow-up MRI brain with IV contrast showing heterogeneous mass, 
three and a half years after therapy: TWA1 axial view.

A B
Figure 5: Follow-up MRI brain with IV contrast showing recurrent tumor (A) 
T1W1 axial view 1, (B) T1W1 axial view 2.
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survival [13]. However, radiation therapy alone was found not to 
contribute to survival [17]. Due to this tumor’s tendency to disseminate 
throughout the cerebral spinal fluid space, it is believed that treatment 
of the entire neuraxis is necessary [14].

Although total resection provides the best prognosis, recurrence 
is also seen in these cases. In Bettegowda et al. study of patients with 
CPCs who underwent complete resection, four of seven subjects had 
recurrence [7]. In Berger et al. study, eight subjects received complete 
CPC resection followed by chemotherapy. Even with this adjuvant 
therapy, 13% of subjects experienced tumor recurrence [19]. These 
studies reflect what we observed with our patient. Although complete 
resection may provide remission for a period of time, recurrence is 
common. Further research studies may help clinicians discover the best 
management and treatment plans for these rare, malignant tumors. We 
as a medical community would like to spread awareness about CPCs in 
the hope to reduce morbidity and mortality associated with this disease, 
in addition to improving patients’ quality of life and overall survival 
[20].

Conclusion 
CPC is an aggressive tumor, and prognosis is poor. GTR is the 

goal, and although pharmacologic treatment remains controversial, 
studies have demonstrated its benefit as adjuvant therapy. Multiple 
surgical resections along with chemotherapy were able to prolong our 
patient’s life for seven years from initial diagnosis. However despite 
four cycles of VP-16, Temodar, Cytoxan and vincristine, two cycles of 
oral etoposide and temozolomide with vincristine, our patient’s disease 
returned about four years after the completion of therapy. Remarkably, 
this pediatric patient was in the minority who survived longer than five 
years with a CPC (WHO grade III), which has a five year survival rate of 
only 40% [2]. We would like to share this unusual case with the medical 
community to increase clinical understanding in the management and 
treatment of this rare, malignant tumor.
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