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iNtroDuCtioN

Choroid plexus cells are neuroepithelial cells that line 
the intraventricular papillae and secrete cerebrospinal 
fluid (CSF).[1] Choroid plexus tumors (CPTs) are rare 
intracranial tumors that account for 2–5% of all pediatric 
brain cancers, to date, seldom reported.[2] According 
to the histological classification of the World Health 
Organization (WHO), CPTs can be divided into choroid 
plexus papilloma (CPP), atypical choroid plexus 
papilloma (aCPP), and choroid plexus carcinoma (CPC).[3] 
CPTs usually occur in children younger than 2 years, with 
about 10–20% of cases found in patients younger than 

1 year.[4] The WHO classification of 2007 first mentioned 
aCPP, which carried at least a 5‑fold increase in the risk 
of 5‑year recurrence compared with CPP. The grade of 
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histological classification was considered an important 
factor in the prognosis of CPTs, also influencing clinicians’ 
decisions regarding adjuvant radiotherapy or chemotherapy 
after surgery.[5] One of the most important predictors of 
survival for CPT patients is total resection of the tumor.[6] 
In this regard, it has been demonstrated that patients with 
CPC experienced a worse outcome with greater possibility 
of metastasis (range 25–70%), although some papers 
have documented long‑term survival. The event‑free 
survival (EFS) rate was 92% for CPP, 83% for aCPP, 
and 28% for CPC according to previously published 
research.[7‑10] More than 80% of the neoplasms in children 
arise in supratentorial and especially in lateral ventricles, 
whereas the cerebellopontine angle (CPA) and fourth 
ventricle are more common sites in adults; the CPA and the 
third ventricle are rare locations.[4,11,12]

Although numerous studies of CPTs have been published, 
available clinical data describing therapy and prognosis 
of CPTs in children are limited. To further investigate the 
clinical features of CPT in the pediatric population, we 
retrospectively analyzed the relevant data collected in our 
institute.

methoDs

Ethical approval
All procedures involving humans were carried out in 
accordance with the ethical standards of the 2013 Declaration 
of Helsinki and were approved by the Institutional Review 
Board of Beijing Tiantan Hospital, Capital Medical 
University. Informed written consent was obtained from all 
patients before their enrollment in this study.

Patients
This was a retrospective study involving 96 patients, younger 
than 14 years, and diagnosed with CPT, who underwent 
surgery between January 1, 2011, and December 31, 2016. 
Patients were selected from the Department of Neurosurgery 
of Beijing Tiantan Hospital.

We reviewed the clinical, histopathological, and operative 
reports, as well as outpatient records of the patients obtained 
from the hospital information system. All surgical procedures 
were performed by the senior doctors. All operations were 
performed via the classical standard approaches. The extent 
of resection was defined as gross total, subtotal, and partial 
excision according to the postoperative magnetic resonance 
imaging (MRI) and the operation records. Gross total 
resection is defined as 95% tumor extent removed by surgery, 
subtotal resection is defined as 75% tumor removal, and 
partial resection as <75% removal. Abnormal accumulation 
of CSF in the ventricles was regarded as characteristic of 
hydrocephalus.

Patients were included in the study if: (1) patients younger 
than 14 years received surgery as the primary treatment; 
(2) preoperative, postoperative, and follow‑up data were 
fully evaluated; (3) complete medical records were available, 

including full medical history, accurate laboratory test 
results, and pre‑ and post‑surgical MRI of the head; and 
(4) all patients were histologically diagnosed with CPT. 
Patients were excluded from the study if: (1) patients had 
received any previous medical intervention, including 
radiotherapy or medical treatment; (2) medical data of 
patients were incomplete; and (3) patients died for unrelated 
reasons during the follow‑up.

Evaluation criteria for the severity of hydrocephalus
The Evans index was calculated for the hydrocephalus 
patients, whereby index score of >0.3 is used to define 
hydrocephalus. Ventricular/biparietal ratio (V/BP) was used 
to evaluate the severity of hydrocephalus:[13] (1) normal: 
V/BP ≤25%; (2) mild hydrocephalus: 26%≤ V/BP ≤40%; 
(3) moderate hydrocephalus: 41%≤ V/BP ≤60%; and 
(4) severe hydrocephalus: V/BP ≥61%.

Statistical analysis
Data were processed with SPSS Statistics (version 17.0, 
SPSS, IBM Corp., Armonk, NY, USA). Statistical 
computations and generation of figures were performed 
by R project (version 3.4.1, https://www.r‑project.org/; 
R Development Core Team, New Zealand). Continuous 
variables were expressed as median (Q1, Q3), and categorical 
variables were expressed as number (percent). The 
Mann–Whitney U‑test was used for comparisons between 
nonnormally distributed parameters. The Kruskal–Wallis 
test was used for multiple comparisons among nonnormally 
distributed parameters. Frequencies were analyzed 
using Pearson’s Chi‑square test. The prognostic value of 
patients was estimated by log‑rank (Mantel–Cox) test. 
Other statistical computations and figure generations were 
performed by GraphPad Prism (version 6.0, GraphPad 
Software, Inc., California, USA). All statistical tests 
were two‑sided, and P < 0.05 was considered statistically 
significant.

results

A total of 96 pediatric patients were identified as having 
CPTs in our analysis. Patients’ age varied from 4 to 
168 months, with a median age of 42 months (19.3, 105). 
72.9% (70/96) of cases were diagnosed as CPP and 
17.7% (17/96) as aCPP, while 9.4% (9/96) of cases 
were diagnosed as CPC. Clinical information (e.g. age, 
gender, pathological type of tumor, size, location, initial 
manifestation, and resection rate) obtained from medical 
records is summarized in Table 1.

Patients harboring infratentorial CPP were significantly 
o lde r  t han  those  w i th  sup ra t en to r i a l  t umors 
(median: 120 [72, 168] months vs. 35 [15, 72] months; 
Z = −3.511, P = 0.000). Moreover, patients could be 
divided into two groups according to the cutoff age of 
60 months (sensitivity = 67.5%, specificity = 84.2%) based 
on maximization of the Youden index [Figure 1a]. In our 
dataset, 34.1% (15/44) of the patients older than 5 years 
and 8% (4/52) of those younger than 5 years suffered 
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from infratentorial tumor ( χ2 = 8.9, P = 0.003). Headache 
with nausea or vomiting caused by raised intracranial 
pressure was the most common primary presenting 
symptom (55 cases, 57.3%), followed by ataxia (21 cases, 
21.9%), and lower extremity weakness (45 cases, 46.9%). 
Nineteen tumors presented no significant symptoms and 
were found incidentally.

Pathological type of choroid plexus tumors in pediatric 
patients
According to our data, the clinical features of patients with 
CPC showed a significant difference when compared with 
CPP [Table 1]. Patients with CPC exhibited a shorter disease 

course (CPP: 4 [2.0, 8.0] months; aCPP: 2 [2.0, 3.0] months; 
CPC: 1 [1.0, 1.5] months; P < 0.001), a higher incidence 
of acute hydrocephalus (CPP: 27.1%, aCPP: 52.9%, 
CPC: 77.8%; χ2 = 10.9, P = 0.004), and a lower incidence 
of cure rates (CPP: 85.7%, aCPP: 70.5%, CPC: 33.3%; 
χ2 = 13.5, P = 0.001).

Hydrocephalus and headache in pediatric patients
First, we evaluated hydrocephalus. According to our data, 
88.5% (85/96) of the patients suffered from hydrocephalus 
before surgery. The clinical characteristics of the patients 
categorized by the degree of hydrocephalus are shown in 
Table 2. The demographics and clinical features showed 

Table 1: Baseline demographics and characteristics categorized by pathological type of CPTs

Characteristics Total (n = 96) CPP (n = 70) aCPP (n = 17) CPC (n = 9) Statistics P
Male, n (%) 63 (65.6) 43 (61.4) 12 (70.5) 8 (88.9) 2.9* 0.236
Age (months), median (Q1, Q3) 42.0 (19.3, 105.0) 48.5 (20.0, 120.0) 39.0 (11.5, 70.5) 30.0 (20.0, 96.0) 2.3† 0.314
Course of disease (months), median (Q1, Q3) 3.0 (2.0, 6.0) 4.0 (2.0, 8.0) 2.0 (2.0, 3.0) 1.0 (1.0, 1.5) 23.5† 0.000
Volume of the tumor (cm3), median (Q1, Q3) 11.6 (6.8, 19.9) 12.6 (7.1, 22.2) 10.5 (4.7, 22.0) 7.6 (5.2, 9.0) 3.4† 0.180
Location

Supra‑tentorial, n (%) 77 (80.2) 57 (81.4) 13 (76.5) 7 (77.8) 0.2* 0.883
Lateral ventricle, n (%) 58 (60.4) 42 (60.0) 11 (64.7) 5 (55.6) 15.8* 0.015
Third ventricle, n (%) 17 (17.7) 15 (21.4) 1 (5.9) 1 (11.1)
Forth ventricle, n (%) 18 (18.8) 13 (18.6) 4 (23.5) 1 (11.1)

Initial manifestation
Hydrocephalus, n (%) 85 (88.5) 62 (88.6) 14 (82.4) 9 (100.0) 1.8* 0.405
Acute hydrocephalus, n (%) 35 (36.4) 19 (27.1) 9 (52.9) 7 (77.8) 10.9* 0.004
Headache, n (%) 55 (57.3) 40 (57.1) 10 (58.8) 5 (55.6) 0.0* 0.986
Vomiting, n (%) 50 (52.1) 35 (50.0) 10 (58.8) 5 (55.6) 0.5* 0.789
Ataxia, n (%) 21 (21.9) 13 (18.6) 7 (41.2) 1 (11.1) 4.8* 0.092
Limb weakness, n (%) 45 (46.9) 29 (41.4) 12 (70.5) 4 (44.4) 4.7* 0.096

Total resection, n (%) 85 (88.5) 62 (88.6) 15 (88.2) 8 (88.9) 0.0* 0.999
Cure, n (%) 75 (78.1) 60 (85.7) 12 (70.5) 3 (33.3) 13.5* 0.001
V‑P shunt

Pre‑operation, n (%) 35 (36.4) 28 (40.0) 4 (23.5) 3 (33.3) 4.3* 0.364
Post‑operation, n (%) 5 (5.2) 5 (71.4) 0 0

*χ2 value; †H value. CPP: Choroid plexus papilloma; aCPP: Atypical choroid plexus papilloma; CPC: Choroid plexus carcinoma; CPTs: Choroid plexus 
tumors; V‑P: Ventricular‑peritoneal.

Figure 1: ROC curve of CPT patients for identifying location of tumor with age and hydrocephalus with tumor size. (a) ROC curve for identifying 
location of tumor with age. The estimated area under the ROC curve was calculated as 0.783 (95% CI = 0.674–0.891, P < 0.001). The best 
cutoff of age was 61.5 months based on maximization of the Youden index with sensitivity 67.5% and specificity 84.2%. This cutoff was rounded 
to 60 for use in subsequent analyses. (b) ROC curve for identifying hydrocephalus with tumor size. The estimated area under the ROC curve of 
maximum diameter of tumor was calculated as 0.681 (95% CI = 0.475–0.886, P = 0.044). The best cutoff was 2.1 cm based on maximization 
of the Youden index with sensitivity 90.5% and specificity 58.3%. This cut‑off was rounded to 2 cm for use in subsequent analyses. The estimated 
area under the ROC curve of tumor volume was calculated as 0.682 (95% CI = 0.468–0.897, P = 0.042). The best cutoff was 2.90 cm3 based on 
maximization of the Youden index with sensitivity 91.4% and specificity 58.3%. This cutoff was rounded to 3 cm3 for use in subsequent analyses. 
ROC: Receiver‑operating characteristic; CPT: Choroid plexus tumor; CI: Confidence interval.

ba
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a significant difference on comparing the degrees of 
hydrocephalus when considered in terms of location of 
tumor and pre‑ or post‑operative ventriculoperitoneal (V‑P) 
shunt (P < 0.05).

On using the receiver‑operating characteristic (ROC) curve 
for identifying hydrocephalus with tumor size, the best 
cutoff of maximum diameter of tumor was 2 cm (sensitivity 
90.5%, specificity 58.3%) and that of tumor volume was 
3000 mm3 (sensitivity 94.1%, specificity 58.3%) based on 
the maximization of the Youden index divided into small and 
large groups [Figure 1b]: 58.3% (7/12) of patients with tumor 
smaller than 2 cm and 92.9% (78/84) of those with tumor 
larger than 2 cm had hydrocephalus ( χ2 = 12.3, P = 0.004); 
50% (6/12) of patients with tumor smaller than 3000 mm3 
and 94.0% (79/84) of those with tumor larger than 3000 mm3 
had hydrocephalus ( χ2 = 12.3, P = 0.004).

When the relationship between the location and 
hydrocephalus was compared, the patients with tumor in 
the lateral ventricle or the third ventricle suffered higher rates 
of severe hydrocephalus than those with tumor in the fourth 

ventricle (lateral ventricle: 51.7%, 30/58; third ventricle: 
47%, 8/17; fourth ventricle: 11.1%, 2/18; χ2 = 26, P = 0.002). 
By contrast, the patients with tumor in the fourth ventricle 
experienced a higher incidence of acute hydrocephalus 
compared with the lateral or third ventricle (fourth ventricle: 
72.2%, 13/18; lateral ventricle: 20.7%, 12/58; third ventricle: 
56.2%, 9/16; χ2 = 18.8, P = 0.000).

The incidence of headache in patients with tumor in the third 
ventricle (76.5%, 13/17) or fourth ventricle (77.8%, 14/18) 
was significantly higher than that in patients with tumor in 
the lateral ventricle (46.6%, 27/58) ( χ2 = 9.1, P = 0.028). 
The records are summarized in Table 3.

Ventriculoperitoneal shunt pre‑ or post‑operatively
Of the 96 patients in our study, 35 (36.4%) patients underwent 
V‑P shunt pre‑operatively and 5 (5.2%) post‑operatively, 
while 56 (58.3%) patients received no treatment before 
surgery. All patients in our study improved with surgical 
treatment. There was no significant difference in the cure rate 
of hydrocephalus among pre‑operation or post‑operation V‑P 
shunt and no V‑P shunt patients (pre‑operation V‑P shunt: 

Table 2: Baseline demographics and characteristics categorized by the degree of hydrocephalus

Characteristics Total  
(n = 96)

None  
(n = 11)

Mild  
(n = 9)

Moderate 
(n = 36)

Severe  
(n = 40)

Statistics P

Male, n (%) 63 (65.6) 5 (45.5) 5 (55.6) 26 (72.2) 27 (67.5) 3.1* 0.370
Age (months), median (Q1, Q3) 42.0 (19.3, 105.0) 71.0 (61.0, 156.0) 72.0 (31.5, 150.0) 40.5 (15.0, 83.0) 35.5 (16.0, 120.0) 6.1† 0.107
Course of disease (months), 

median (Q1, Q3)
3.0 (2.0, 6.0) 4.0 (2.0, 5.0) 2.0 (2.0, 4.5) 3.0 (2.0, 5.0) 4.0 (2.0, 8.0) 2.8† 0.428

Location
Supratentorial, n (%) 77 (80.2) 11 (100.0) 4 (44.4) 24 (66.7) 38 (97.5) 19.6* 0.000
Lateral ventricle, n (%) 58 (60.4) 9 (81.8) 4 (44.4) 15 (41.7) 30 (75.0) 26.0* 0.002
Third ventricle, n (%) 17 (17.7) 1 (9.1) 0 8 (22.2) 8 (20.0)
Forth ventricle, n (%) 18 (18.8) 0 5 (55.6) 11 (30.5) 2 (0.05)

Initial manifestation
Headache, n (%) 55 (57.3) 3 (27.3) 7 (77.8) 21 (58.3) 24 (60.0) 5.7* 0.125
Vomiting, n (%) 50 (52.1) 4 (36.4) 4 (44.4) 20 (55.6) 22 (55.0) 1.6* 0.657
Ataxia, n (%) 21 (21.9) 3 (27.3) 2 (22.2) 10 (27.8) 6 (15.0) 2.0* 0.567
Limb weakness, n (%) 45 (46.9) 5 (45.4) 3 (33.3) 17 (47.2) 20 (50.0) 0.8* 0.842

Total resection, n (%) 85 (88.5) 10 (90.9) 9 (100.0) 31 (86.1) 35 (87.5) 1.5* 0.687
Cure after surgery, n (%) 75 (78.1) 9 (81.8) 7 (77.8) 29 (80.6) 30 (75.0) 0.4* 0.932
V‑P shunt

Pre‑operation, n (%) 35 (36.4) 0 1 (11.1) 17 (47.2) 17 (42.5) 14.5* 0.024
Post‑operation, n (%) 5 (5.2) 0 0 2 (5.6) 3 (7.5)

*χ2 value; †H value. CPP: Choroid plexus papilloma; aCPP: Atypical choroid plexus papilloma; CPC: Choroid plexus carcinoma; V‑P: Ventricular‑peritoneal.

Table 3: Hydrocephalus and headache in patients categorized by the location of tumor

Characteristics Lateral ventricle 
(n = 58)

Third ventricle 
(n = 17)

Fourth ventricle 
(n = 18)

Other locations 
(n = 3)

χ2 P

Degree of hydrocephalus
None, n (%) 9 (15.5) 1 (5.9) 0 1 (33.3) 26.0 0.002
Mild, n (%) 4 (6.9) 0 5 (27.8) 0
Moderate, n (%) 15 (25.9) 8 (47.0) 11 (61.1) 2 (66.7)
Severe, n (%) 30 (51.7) 8 (47.0) 2 (11.1) 0

Acute hydrocephalus, n (%) 12 (20.7) 9 (52.9) 13 (72.2) 1 (33.3) 18.8 0.000
Headache, n (%) 27 (46.6) 13 (76.5) 14 (77.8) 1 (33.3) 9.1 0.028
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28/35; post‑operation V‑P shunt: 4/5; no V‑P shunt: 43/56; 
χ2 = 0.1, P = 0.932).

Treatment and outcome
All of the patients in our study received surgical therapy as 
primary treatment. Eighty‑five patients underwent gross total 
surgical resection and 11 underwent partial resection. Among 
the 11 patients with partial resection, eight cases were 
diagnosed as CPP, two as aCPP, and one as CPC. Adjuvant 
therapy was mostly used for aCPP, CPC, and CPP including 
partial resection. Adjuvant therapy and patient outcomes 
are shown in Supplemental Table 1. All (8/8) CPP patients 
with partial resection, 70.6% (12/17) of aCPP patients, and 
77.8% (7/9) of CPC patients received adjuvant therapy such 
as chemotherapy or radiotherapy. One aCPP case and one 
CPC case with partial resection underwent chemotherapy 
after Gamma Knife. Postoperative complications, such 
as cerebellar mutism and ataxia, were most common in 
patients with tumor in the fourth ventricle as shown in 
Supplemental Table 2.

Recurrence
Eighty‑two of the 96 patients we treated in our study were 
followed up regularly after surgery. The median follow‑up 
time was 12 months (range 2–53 months). Among these 
82 patients, 18 (22.0%) suffered recurrence with 5 (out of 59) 
CPPs, 8 (out of 16) aCPPs, and 5 (out of 7) CPCs. Patient’s 
age, gender, presence of hydrocephalus, location of tumors, 
tumor size, extent of resection, and use of radiotherapy 
or chemotherapy were recorded and analyzed by Cox 
regression [Table 4]. We found the pathological type of CPP 
to be statistically significant using Cox regression (risk ratio: 
3.688, P < 0.05). No patients died during follow‑up. The 
EFS showed a significant difference between pathological 
type of CPP and recurrence [ χ2 = 40.1, P < 0.0001; 
Figure 2a], patients diagnosed with CPC having a higher 
rate of recurrence. The EFS for CPT patients with complete 
resection showed no better prognoses than the patients with 
partial resection [ χ2 = 2.4, P = 0.122; Figure 2b]. We also 
failed to find any significant difference between the patients 
with supratentorial tumor and those with infratentorial 
tumor [ χ2 = 0.4, P = 0.528; Figure 2c].

Metastasis
In the majority (7 of 9) of CPC cases, the Ki‑67 (MIB‑1) 
proliferation index with median value was 6% (range 
4–15%). Two patients, however, experienced metastatic 
progression. Case 1 was a 36‑month‑old boy who 
suffered a tumor within the right ventricle, which upon 
neuropathological examination was diagnosed as CPC 
[Supplemental Figure 1]. He underwent complete removal 
of the tumor. The Ki‑67 proliferation index was 8%. The 
patient underwent chemotherapy after surgery according to 
the HIT‑SKK protocol.[14] He was diagnosed with recurrence 
and metastatic spread and was treated in accordance with the 
CPT‑SIOP‑2000 protocol 6 months after initial surgery .[1] The 
patient was stable at 2‑year follow‑up [Figure 3a]. Case 2 
was a 60‑month‑old boy diagnosed with fourth ventricle 

CPC with metastasis to the spinal canal before surgery. After 
V‑P shunt, gross total resection of the neoplasm in the skull 
was achieved. The child underwent regular Gamma Knife 
treatment for the tumor in the spinal canal and subsequently 
received chemotherapy. At 30‑month follow‑up, the patient 
had an ideal prognosis [Figure 3b].

DisCussioN

CPTs are neoplasms derived from the choroid plexus 
epithelium, usually located in the ventricles.[15] Available 
clinical data describing therapy and prognosis of CPTs 
in children have been limited thus far. We emphasize 
that patients with tumor in the fourth ventricle had mild 
hydrocephalus with a higher rate of headache. V‑P shunting 
was recommended to avoid acute cerebellar tonsillar hernia 
before surgery, whereas there was no need for V‑P shunting 
until acute hydrocephalus occurred after surgery. For CPCs 
and CPPs with partial resection, adjuvant treatment after 
surgical resection offers the best chance for long‑term 
survival. Complete resection of the tumor is still the best 
choice for patients with CPPs, considering the side effects of 
radiochemotherapy. The findings of our study are consistent 
with those of previous reports.[1,3,6,16,17]

From our study, of 96 patients, 85 (88.5%) experienced 
hydrocephalus before surgery and more than half 
(55/96, 57.3%) experienced headache as the chief complaint. 
Clearly, therefore, headache is an issue that requires scrutiny. 
In our study, we found that the incidence of headache in 
patients with tumor in the fourth ventricle was significantly 
higher in comparison with the lateral ventricle, while we 
failed to find any differences between headache and severity 
of hydrocephalus. Moreover, the age of onset in patients with 
tumor in the lateral ventricle was significantly earlier than 
in those with tumor in the fourth ventricle. We also found 
that more patients with tumor in the fourth ventricle suffered 
headache at the early stage of hydrocephalus, whereas more 
patients with tumor in the lateral ventricle suffered headache 
at the late stage of hydrocephalus.

We found that the degree of hydrocephalus in patients 
with tumor located in the lateral or third ventricle was 
significantly higher than in those with tumors located in the 

Table 4: Cox regression analysis of the influence of 
various factors on the recurrence of patients with CPP

Variable P RR 95% CI
Age 0.460 0.546 0.013–13.070
Gender 0.195 1.676 1.050–1.988
Presence of hydrocephalus 0.791 0.070 0.015–0.412
Location of tumors 0.724 0.125 0.036–0.940
Tumor size 0.342 0.903 0.108–4.639
Extent of resection 0.074 3.197 1.104–7.285
Adjuvant therapy 0.325 0.968 0.378–5.896
Pathological type 0.024* 3.688 1.118–11.450
*P<0.05. RR: Relative risk; CI: Confidence interval; CPP: Choroid 
plexus papilloma.
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fourth ventricle, while the incidence of acute hydrocephalus 
was much higher in the fourth ventricle (72.2%). There are 
several possible reasons to explain these findings. First, as 
the space of the lateral ventricle is larger than that of the 
fourth ventricle, patients have sufficient time to adapt to the 
symptoms caused by hydrocephalus. Moreover, because of 
the anatomical features, a tumor derived from the fourth 
ventricle would block the patient’s CSF circulation within a 
short time, so that headache caused by hydrocephalus would 
occur in the short term. Second, patients with tumor in the 
fourth ventricle tended to be much younger than others. 
Because of their limited ability of expression, they would 
seldom speak out promptly if they suffered headache, thus 
delaying the early diagnosis of the disease.

Although numerous studies describing an evaluation of 
endoscopic third ventriculostomy (ETV) and CSF shunts 
have been published, decision‑making regarding ETV or 
CSF shunts still remains a topic of considerable debate.[18‑22] 
Advocates for the insertion of a V‑P shunt doubt the 

positive effect of ETV in treating hydrocephalus and cite 
ETV’s unknown effects on the development of nervous 
system and quality of life, while supporters of ETV cite 
high success rates and the potential to avoid the risks of 
shunt placement.[23] Previously published studies made 
evidence‑based recommendations regarding the choice of 
V‑P shunt or ETV for treating pediatric hydrocephalus while 
assuming that both surgical techniques shared equivalent 
outcomes.[18,20,22‑24] In the present study, according to the 
postoperative Karnofsky performance scale score for patients 
to obtain a prognosis, there was no significant difference 
between V‑P shunt before surgery, surgery alone without 
V‑P shunt, and V‑P shunt after surgery with regard to patient 
outcomes.

Therefore, when choosing appropriate timing for V‑P 
shunt in children with CPT, the following should be taken 
into consideration. (1) If the symptoms are acceptable 
and the patient can tolerate the surgery, V‑P shunt before 
surgery should be avoided. (2) Preoperative V‑P shunting 

Figure 2: PFS for the patients with CPTs. (a) PFS for 82 patients according to different pathological types of CPTs. (b) PFS for 82 patients with 
different resection situations for CPTs. (c) PFS for 82 patients with different locations of CPTs. Log‑rank (Mantel‑Cox) test were used for analysis. 
PFS: Progression‑free survival; CPTs: Choroid plexus tumors.
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Figure 3: MR images of two pediatric patients with metastatic progression. (a) MR images of the 36‑month‑old boy diagnosed with CPC with 
metastatic spread after surgery. (b) MR images of the 60‑month‑old boy diagnosed with CPC in the fourth ventricle with metastasis to the spinal 
canal before surgery. MR: Magnetic resonance; CPC: Choroid plexus carcinoma.
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is recommended if acute cerebellar tonsillar hernia has 
occurred. (3) There is no need for V‑P shunting after surgery 
until acute hydrocephalus has occurred.

If a CPT is highly suspected in children, favorable treatment 
should be applied in timely fashion to prevent chronic 
hydrocephalus. Compression of the brain tissue by chronic 
hydrocephalus for a long period may affect the healthy 
development of the brain and the long‑term prognosis of 
patients. This scenario, however, seldom appears in patients 
with tumor in the fourth ventricle with early symptoms of 
hydrocephalus.

As a benign tumor, if a CPP is totally resected, the expected 
outcome is successful without the need of adjuvant 
treatment.[18] The present work reports a high rate of total 
resection (88.5%, 85/96) with excellent outcomes as 
expected, which is in line with previously reported data.[3,9]

In our study, CPP patients with partial resection, aCPP 
patients, and CPC patients received adjuvant treatment 
after surgery. The strategy of therapy depended on both the 
patient’s age and the residual after surgery. Among eight 
CPPs with partial resection, five were diagnosed as lateral 
ventricle papilloma and three as third ventricle papilloma. 
Tumor adherence to the wall of the ventricle was discovered, 
which necessitated subtotal excision. All of these patients 
received Gamma Knife as adjuvant treatment and achieved 
favorable outcomes as expected. Their outcomes showed 
no significant difference with CPP patients undergoing total 
resection. For tumor adhering tightly to the surrounding 
normal tissue, adjuvant treatment such as Gamma Knife 
or chemotherapy followed by partial resection could also 
achieve a good outcome. Of course, complete removal of 
the CPT by surgical resection is still the first choice for the 
treatment of CPP, especially after taking the side effects of 
radio‑chemotherapy into consideration.

The clinical data regarding aCPP are sporadic. Adjuvant 
treatment can be used as the second‑stage therapy after 
surgical treatment. The good clinical prognosis reported 
here (5‑year overall survival [OS] = 96.2% with pathological 
review) is consistent with previous work.[25] Wrede et al. 
found that aCPP with subtotal resection, metastasis, or 
at relapse could obtain benefits from chemotherapy and 
radiotherapy.[5,26,27] In our study, 15 (88.2%) of 17 patients 
diagnosed as aCPP cases underwent complete resection. 
Two patients with partial removal and 10 with total resection 
received adjuvant treatment after surgery according to the 
CPT‑SIOP‑2000 protocol.[14] One patient with partial tumor 
resection received chemotherapy as second‑stage treatment 
followed by Gamma Knife after surgery, while the other 
received only the Gamma Knife. Both improved as expected 
as did the 10 total resection patients who received adjuvant 
treatment after surgery. All the aCPP patients had a good 
outcome (5‑year OS = 100%). Postoperative chemotherapy 
was recommended as the first‑line therapy for aCPP patients. 
Nevertheless, more such cases should be included in future 
analyses.

As CPC is the highest malignant extent of CPTs, the 
treatment of CPC remains a challenge. Indeed, total resection 
of the tumor was always regarded as the most important 
factor in the clinical outcome of all CPTs. In the present 
study, perhaps because of involvement of highly experienced 
surgeons, eight out of nine patients with CPC underwent 
gross total resection, which was better than results reported 
previously.[5,27] However, the only patient with incompletely 
resected CPC underwent chemotherapy after surgery after 
consideration of the side effects of radiotherapy. The 
chemotherapy regimen was prescribed according to the 
CPT‑SIOP‑2000 protocol. Chemotherapy or radiotherapy 
after surgical resection has been reported to improve the 
OS in patients with CPC, which was also apparent in the 
present study. In light of the side effects in pediatric patients, 
radiotherapy is not recommended in infants younger than 
3 years.

As benign tumors, long‑term survival of patients with CPPs 
is expected[1] although we suspected that tumor size might 
be related to patients’ prognosis: The larger was the tumor, 
the more difficult was the surgery, and the greater was the 
possibility of more residue. However, tumor size turned 
out not to be a prognostic factor in our study, similar to the 
results previously reported.[5,17]

First, the relationship between the pathological type of 
CPPs and prognosis is relatively close, while in CPC, the 
situation is entirely different. The recurrence of CPC is 
obviously higher and earlier than in patients with CPP or 
aCPP. After adjuvant treatment for CPC, we obtained results 
similar to those previously reported.[28,29] Radiotherapy 
might be an effective method against recurrence of tumors 
in older children. Unfortunately, radiotherapy could not be 
considered the primary option in some cases because of the 
young age and the residuals to be irradiated. Radiotherapy 
could not prevent recurrence although radio‑chemotherapy 
contributed to the long‑term survival of patients with CPCs.

In the past, we all believed that partial resection of the tumor 
was an independent risk factor for recurrence,[1,30] but this was 
not demonstrated in the present study. Thanks to adjuvant 
therapy after surgery, we failed to find any difference in 
recurrence between patients with complete excision and 
partial excision. Postoperative adjuvant therapy after partial 
removal of tumor significantly reduced the risk of high 
recurrence rates. The residuals of tumor after surgery can be 
controlled effectively by radio‑chemotherapy, resulting in 
outcomes in our study equitable with those of patients with 
total resection. Adjuvant therapy after surgery can be used 
as an effective option for patients with incomplete resection 
of tumors.[6,13] Based on our experience, many patients with 
tumor in the fourth ventricle experienced complications 
after surgery such as cerebellar mutism, blurred vision, and 
ataxia. Many clinicians hesitate to undertake any procedures 
in these patients. On the one hand, incomplete resection 
of tumors may result in recurrence. On the other hand, 
the operation may lead to complications for the patient 
when pursuing total resection. For the tumor in the fourth 
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ventricle, which is difficult to remove completely, adjuvant 
therapy after surgery can be used as second‑stage treatment 
to reduce the recurrence rate.[8,17] Although radiotherapy and 
chemotherapy did not show a better outcome, they were also 
recommended for patients with poor diagnoses and those 
with subtotal or partial removal of their tumors. Complete 
resection of tumor, however, remains the best choice for 
patients with CPP, especially considering the side effects 
of radio‑chemotherapy.

This was a retrospective analysis of a series of intracranial 
tumor patients undergoing surgical therapy. Our study has 
some limitations. First, all of the patients in our group were 
recruited from one hospital, instead of multiple centers, 
which is a limitation in our study. Second, the sample 
of the study is limited and cannot be used to analyze the 
postoperative complications in different phenotypes. At last, 
the patients in our hospital came from locations across the 
whole country. For alleviation of symptoms, more patients 
with acute hydrocephalus received V‑P shunt at preoperation 
while waiting for future treatment than in any other clinical 
centers primarily because of the limited medical resources, 
which resulted in a higher rate of preoperative V‑P shunt in 
our center.

In conclusion, our results indicated that CPP in the fourth 
ventricle could trigger serious clinical symptoms at an early 
stage, requiring early intervention. It is necessary to initiate 
adjuvant treatment for patients with partially resected CPP, 
aCPP, and CPC to achieve a favorable outcome.

Supplementary information is linked to the online version of 
the paper on the Chinese Medical Journal website.
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小儿脉络丛肿瘤的临床特征及预后危险因素的相关研究

摘要

背景：目前针对小儿脉络丛肿瘤的诊疗决策仍具争议。本研究通过探讨小儿脉络丛肿瘤的临床资料，为小儿脉络丛肿瘤的诊
疗决策提供理论基础。
方法：对本中心96例小于14周岁的脉络丛乳头状肿瘤患者的临床资料进行回顾性分析。本研究纳入包括脉络丛乳头状瘤患者
的病理分型、脑积水的发病率以及严重程度、治疗方式、预后以及复发情况在内的临床资料进行统计分析。 皮尔逊卡方检验
用于分类数据。曼‑惠特尼秩和检验用于非正态分布的数据。时序检验用于无进展生存曲线。
结果：本研究共入组70例脉络丛乳头状瘤患者、17例非典型脉络丛乳头状瘤患者和9例脉络丛乳头状癌患者。脉络丛乳头状癌
患者较其他几种类型的患者病程更短(中位数, CPP: 4 月; aCPP: 2 月; CPC: 1 月, H: 23.5, P< 0.001)，急性脑积水发病率更高(CPP: 
27.1%; aCPP: 52.9%; CPC:77.8%, χ

2
=10.9, P<0.05)以及较低的治愈率(CPP: 85.7%; aCPP: 70.5%; CPC: 33.3%, χ

2
=13.5, P<0.05)。

肿瘤位于侧脑室以及三脑室的患者脑积水的严重程度明显高于肿瘤位于四脑室的患者(重度脑积水：侧脑室，51.7%；三脑
室，47.0%；四脑室，11.1%，χ

2
=26.0，P<0.05)。由于术后辅助放化疗的干预，肿瘤大部切除的患者其预后较肿瘤全切的患者没

有明显差异(χ
2
=4.0，P>0.05)。本组研究还发现在脉络丛肿瘤患者中，病理类型是影像预后的一个危险因素(χ

2
=40.1，P<0.0001)。

结论：本研究的结果显示位于四脑室的脉络丛乳头状肿瘤患者在早期即可出现明显的临床症状，需要早期干预。对于次全切
除的脉络丛乳头状肿瘤患者、非典型脉络丛乳头状瘤患者和脉络丛乳头状癌患者，术后辅助治疗可以获得理想的预后。



Supplemental Table 1: Adjuvant treatments in aCPP, CPC, and partial resection of CPP

Case number Age (months) Extent of resection Chemotherapy Radiotherapy Outcome
CPP

16 41 PR N Y CoR
17 42 PR N Y CoR
27 120 PR N Y PaR
32 6 PR Y N CoR
34 20 PR Y N PaR
45 72 PR N Y CoR
61 37 PR N Y PaR
80 19 PR Y N CoR

aCPP
6 120 CR Y N CoR
8 11 CR Y N PaR
10 65 CR Y N CoR
19 11 CR N N CoR
20 61 CR N N PaR
24 21 CR N N PaR
33 8 CR Y N CoR
42 69 CR Y N CoR
43 10 CR Y N PaR
50 12 CR Y N CoR
58 12 CR Y N CoR
66 68 PR N Y PaR
71 30 CR N N CoR
88 168 CR Y N CoR
89 72 CR Y N CoR
92 72 PR Y Y CoR
95 39 CR N N CoR

CPC N
31 39 CR Y N CoR
46 84 CR N N PaR
59 23 CR Y N PaR
60 25 PR Y N PaR
62 108 CR Y N PaR
75 4 CR N N PaR
79 17 CR Y N PaR
93 156 CR Y Y CoR
96 30 CR Y N CoR

CPP: Choroid plexus papilloma; aCPP: Atypical choroid plexus papilloma; CPC: Choroid plexus carcinoma; CR: Complete resection; PR: Partial 
resection; Y: Yes; N: No; CoR: Complete remission; PaR: Partial remission.



Supplemental Figure 1: Neuropathological examination of the 
36‑month‑old boy diagnosed with CPC. The case was diagnosed as 
recurrence and metastatic spread after surgical therapy 6 months later. 
The tumor sample was identified by H and E staining. CPC: Choroid 
plexus carcinoma. Scale bar = 100 µm.

Supplemental Table 2: Complications after surgery and outcome with follow‑up in CPP patients

Symptoms Total (n = 96) Lateral ventricle (n = 58) Third ventricle (n = 17) Fourth ventricle (n = 18) Others (n = 3)
Headache 21 10 6 5 1

Remission 18 9 4 5 1
Blurred vision 8 5 2 1 –

Remission 6 3 2 1 –
Ataxia 12 2 1 9 –

Remission 9 2 1 6 –
Cerebellar mutism 13 – – 13 –

Remission 7 – – 7 –
Tremor 13 4 2 7 1

Remission 7 2 1 4 1
Hoarseness 4 – – 4 –

Remission 3 – – 3 –
Dysphagia and cough 4 – – 4 –

Remission 3 – – 3 –
Facial paralysis 4 – – 3 1

Remission 3 – – 2 1
–: Not applicable; CPP: Choroid plexus papilloma.


