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Background: Adult pineoblastoma is an extremely rare central nervous system
malignancy. Limitations of tumour databases, single institution retrospective
analyses and a few case reports are not sufficient to clarify treatment options.
Therefore, a systematic review of comprehensive research data provides
referenceable treatment options.

Methods: A systematic review was performed using MEDLINE and Embase using
the terms “pineoblastoma” and “adult”. Relevant articles in the references were
considered to supplement this systematic review. In addition, data were analysed
using Kaplan-Meier survival curves, COX analysis, chi-square tests and log-
rank tests.

Results: A total of 108 adult cases from 32 articles were included in this study and
the median age at diagnosis was 30 years. The 5-year survival rate was 49.5%
(95% confidence interval: 0.378-0.602) and the 10-year survival rate was 33.9%
(95% confidence interval: 0.207-0.476). During the 10-year follow-up period,
Kaplan-Meier survival curves highlighted that the gross total resection was more
beneficial than subtotal resection and no surgery (P=0.018). The treatment
modality of radiotherapy and chemotherapy was beneficial for survival
(P<0.001; P=0.020). In addition, multivariate COX analysis showed that
radiotherapy was an independent factor in the beneficial prognosis (P<0.001)
and gross total resection tends to improve survival within five years (P=0.079).

Conclusion: For adult pineoblastoma, gross total excision and radiotherapy can
be beneficial for survival.Systematic Review Registration: [website], identifier
[registration number].
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1 Introduction

Primary tumours of the pineal gland are rare and account for
0.1%-0.3% of intracranial malignancies (1). A variety of tumour
subtypes can arise in the pineal gland. The recent World Health
Organisation (WHO) Classification of Tumours of the Central
Nervous System 2021 categorises primary pineal parenchymal
tumours as: pineocytomas, pineal parenchymal tumours of
intermediate differentiation (PPTID), pineoblastoma, papillary
tumour of the pineal region and desmoplastic myxoid tumour of
the pineal region, SMARCBI-mutant (2). Pineoblastoma (PB),
accounts for approximately 45% of all pineal parenchymal
tumour subtypes (3-5). It typically affects infants and young
children with a slight female preponderance, although has been
rarely reported in adults (3, 6). PB is classified as a WHO grade IV
tumour and has a high rate of recurrence and propensity for spread
via the cerebrospinal fluid (CSF) (7). Despite aggressive
multimodality treatment, including surgery, radiotherapy and
chemotherapy, the outcome of PB is poor with a 5-year survival
of only 15% for patients < 5years of age (6).

Recent molecular characterisation has segregated PB into 5
molecular subgroups: PB-Group 1, PB-Group 2, PB-Group 3, RB
and MYC; each with distinct clinico-pathologic and survival
features (8, 9). Groups 1 to 3 PB arise in older children and
adolescents and are associated with improved outcomes in
contrast with patients with groups RB and MYC (9).

At present, management of adult PB is based on data
extrapolated from paediatric practice. With small numbers of
adult patients reported in multiple case reports and series;
prognosis, as well as contribution of surgical resection and
adjuvant chemo/radiotherapy on outcomes remain unclear.

1.1 Objectives

The objective of this study was to systematically review all adult
cases of PB to determine patient characteristics as well as impact of
surgical resection and adjuvant oncological therapy on prognosis
from 1946 to 2021 in English journals.

2 Methods

This systematic review was reported as per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. All articles reporting cases of pathologically
confirmed adult PB were included. Using the terms
“pineoblastoma” and “adult”, MEDLINE and Embase databases
were searched; with results limited to those written in English and
published prior to June 2021. References from searched results were
used in addition, and duplicate articles removed.

Data were collected on patient and tumour baseline
characteristics, overall survival and treatment received. Kaplan-
Meier survival curves were used to observe unadjusted survival,
and log-rank test was used to compare survival outcomes in patients
who received differing surgical procedures as well as adjuvant
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oncological therapies. A multivariate Cox model was used to
determine which clinical variables were independently related to
improved survival.

The Chi-square test was used to process categorical variables.
Data were analysed using SPSS version 27.0 (IBM, Armonk, New
York, USA). Kaplan-Meier curves were described by STATA 16.0
(STATA corporation, College Station, TX, USA) software.

3 Results
3.1 Study selection

As shown in Figure 1, a total of 169 articles were identified from
the MEDLINE and Embase search. Besides, during the reading-
through of the content and citations of these articles, additional 22
articles were found to contain retrievable original data of adult
pineoblastoma cases. Among the above 191 articles, 61 were
removed because of duplication, 94 were removed for lack of
original data, and 4 were removed due to lack of patient survival.
In summary, a total of 32 articles (3, 10-40) were included in this
systematic review, which included case reports or series with an
inherent risk of bias.

For eligible cases, we extract and analyse age, gender, surgery
approach (GTR/STR), radiotherapy (RT) type, RT dose, CT, CT
drugs, follow-up time and status. The detail regimen of
chemotherapy was not analysed because of a lack of information
from most patients. From a clinical perspective, total dose of
radiotherapy to the pineal region (RTP) was analysed from RT
dose data. The last follow-up time was defined as survival time.

3.2 Findings

From the selected 32 publications, 108 adult patients (age>18
years) with pathologically confirmed PB were identified with
demographic and treatment characteristics summarised in
Table 1. Median age at diagnosis was 30 years (range 18-81). Of
the 108 cases; 48 were male (44.4%) and 60 were female (55.6%).
Forty-two patients (38.9%) had their presenting symptoms
reported. The most common presenting symptoms included the
following; alone or in combination: headache (n=31, 73.8%), visual
disturbance including Parinaud’s Syndrome (n=20, 47.6%), nausea
and vomiting (n=10, 23.8%), dizziness (n=7, 16.7%), limb weakness
(n=6, 14.3%) and deterioration in mobility (n=5, 11.9%).
Information was available for 104 patients regarding extent of the
disease at the time of diagnosis. Thirty-four patients (31.5%) were
reported to have disseminated disease, and 70 (64.8%) had pineal
disease only. Staging information was not available for 4 patients.

Of the 108 cases, 14 (13%) had gross total resection (GTR), 39
(36.1%) underwent subtotal resection (STR) and 54 (50%) had a
biopsy. Extent of resection was not reported in one case (0.9%). The
majority of patients [94 (87%)] received adjuvant radiotherapy
following surgical resection or biopsy. Of the 94 patients who
received adjuvant radiotherapy, 51 (54.3%) were treated with
craniospinal irradiation (CSI). Seventeen (18%) patients received

frontiersin.org


https://doi.org/10.3389/fonc.2024.1442612
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chu et al.

focal radiotherapy, and for 26 (27.7%) no information was found
regarding radiation technique.

Only 39 patients (36.1%) received adjuvant chemotherapy (CT).
The chemotherapy regimen varied significantly, and prescription
information was available for only 23 patients. Although the CT
drug varied for almost every patient, a cisplatin-based schedule was
used in the majority (60.8%). All of the 39 patients who received
adjuvant CT had also received radiotherapy. No information was
available regarding toxicity of therapy.

Of the 108 patients, 53 (49%) patients had died. Median overall
survival (OS) was 59 months, with a 5- and 10- year OS of 49.5%
and 33.9% respectively (Figure 2). Median length of follow up was
25.5 months (range 0.5-288 months).

A COX univariate analysis was used to observe and test which
factors were associated with prognosis. Univariate variables that
were statistically significant were included in the COX multivariate
analysis model. Similar to the Kaplan-Meier curve, the COX
analysis model evaluated prognostic factors in five-year and ten-
year periods. Regarding the COX univariate analysis, factors
including age, gender, surgery, RT, RT types, and CT were

Search Terms for MEDLINE and Embase:

Ovid MEDLINE(R) and In-Pi & Other Non-Ind

, In-D; Revi d Citations <1946 to June 24, 2021>

1. pineoblastomas.ti,ab.

2. adult$.ti,ab. 1324319
3.1and2 58

Embase <1974 to 2021 June 25>

425

1. pineoblastomas.ti,ab. 723

2. adult$.ti,ab. 1788424

3.1and2 111
Articles identified through
database searching (n=169)

Extra original researches
found from the above 169
i atior

articl
v
Articles in consideration
(n=191)
Duplicate removal Articles excluded
(n=61)
v
Articles in consideration
(n=130)

Lack of original data Articles excluded
| Lack of original data |
(n=94)

A

A
Full-text articles in
consideration (n=36)
Lack of patient survival Full-text articles
—————>
excluded (n=4)

v

Studies included in qualitative
and quantitative synthesis
(n=32)

Inclusion Criteria:
1) Patients were diagnosed as histologically verified PB.

2) Patients had follow-up data

3) Patients were at least 18 years old.

4) Cases with clear information, at least including gender, traditional treatment details, and status.
Exclusion Criteria:

1) Patients were diagnosed with mixed pineal tumors, such as pineoblastoma mixed pineocytoma.
2) Lack of histopathologic evidence of PB.

3) Incomplete data regarding survival time and status.

4) Cases were not displayed in articles.

5) Non-English publications.

FIGURE 1

PRISMA flow diagram. (A) Search Terms for MEDLINE and Embase.
(B) Eligibility assessment of papers for inclusion. (C) Eligibility
assessment of cases for inclusion.
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calculated (Figure 3). As shown in both figures, extent of
resection, RT and CT are significantly associated with patient
prognosis at both five and ten years.

As demonstrated in Figure 4, Cox multivariate analysis was
used to determine which factors were associated with OS. There was
a statistically significant benefit in OS at both 5 and 10 years for
patients who received radiotherapy. (HR 0.16; p < 0.001). A trend
towards improved OS at 5 years was seen for patients who had
undergone a GTR (HR 0.16; p = 0.079). There was no statistically
significant relationship demonstrated between the use of
chemotherapy and OS.

According to the results of COX analysis, Kaplan-Meier
univariate analysis focussed on these variables: choice of surgery,
RT and CT. The Kaplan-Meier survival curve demonstrated that
patients who underwent surgery (whether GTR or STR) had
superior overall survival at 5 and 10 years (p = 0.009, p =
0.018) (Figure 5).

The Kaplan-Meier survival curve demonstrated that patients
who received CT achieved better survival compared with patients
who had no CT in both five-year and ten-year period time
(Figure 6). Log-rank test P value presented that there was a
statistical difference between the CT and no CT groups in two
time periods (P value=0.007, P value=0.020).

TABLE 1 Study population (n=108).

Patient characteristics

Median age (range) 30 years (18-81)

Male 48 (44.4%)
Surgery
GTR 14 (13%)
STR 39 (36.1%)
Biopsy 54 (50%)
Not reported 1 (0.9%)
Adjuvant RT
Yes 94 (87%)
No 14 (13%)
RT type
CSI 51 (54.3%)
Focal 17 (18%)
Unknown 26 (27.7%)
CT
Yes 39 (36.1%)
No 63 (58.3%)
Unknown 6 (5.6%)

Median OS (range) 59 months (25.7-176)

Median FLUT 25.5 months

n, number of patients; GTR, gross-total resection; STR, subtotal resection; RT, radiotherapy;
CSI, craniospinal irradiation; CT, chemotherapy; FLUT, follow-up time; OS, overall survival.
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FIGURE 2
Kaplan-Meier survival curve for all patients regardless of
treatment received.

The Kaplan-Meier survival curve demonstrated that patients
who received RT got the better survival compared with those
patients who had no RT in both five-year and ten-year period
time (Figure 7).

4 Discussion

4.1 Survival

In our study, the median survival time for this series is 59
months (range: 25.7 months — 176 months). The lowest median
survival from Lee et al. was 25.7 months and the highest median
survival was 176 months from Selvanathan et al. (1, 41). The large
difference between the two series regarding median survival could
not be analysed as neither Lee et al. nor Selvanathan et al. presented
complete case data (1, 41). As the series containing the largest
number of cases, Jing et al. did not provide clear survival data (42).
The rest of the reference median survival range is 35-105 months (3,
10-12, 43).

However, this study is not confined to one institutional or local
database and the median survival of 59 months reflects the general
level of overall survival of adults with PB over the last 50 years. The
5-year survival rate for patients in this study is 49.5%, which is
similar to the 5-year survival rate of 51% reported by Lutterbach
et al. (12). However, Selvanathan et al. reported a 5-year survival
rate of 62.8% (1). This is most likely due to the inclusion of 16- to
17- years old patients in his cases, and therefore has a greater impact
on the 5-year survival rate. On every account, the prognosis for
adult patients themselves is better compared to the 5-year survival
rate of 15% for children aged <5 years (6). For this reason, younger
patients with PB are more likely to develop metastases (3). Although
there is currently no clear clarification of the worse prognosis in
paediatric PB patients, we believe that factors such as the lack of
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ability to self-assess and self-care, poor medical compliance, and a
weaker immune system may greatly contribute to the worse
prognosis in paediatric patients compared to adults.

4.2 Age

Adults are defined in this study as 18 years of age or older.
Furthermore, age is not a factor in the prognosis of adult PB
patients. Prior to 2014, retrospective analyses of adult PB had
different definitions of adult age, with some articles defining 16-
year-old as adults (1, 41). Two retrospective analyses after 2015 set
the age at 18 years or older and noted the difficulty of comparing
clinical factors in some of the retrospective analyses because the
data for patients aged 16-17 years were unclear (10, 43). In contrast,
Jing et al. only included patients over 20 years of age and did not
explain the specific reasons.

On the other hand, stratifying this cohort of 108 patients based
on a median age of 30 years, the Kaplan-Meier curve did not find an
effect of age differences on survival. Lee et al. noted that age was not
a statistically significant predictor of survival (41). However,
Selvanathan et al. reported that the prognosis of patients
deteriorated with increasing age (1). A review of Huo et al. study
found that in an overall analysis of age in 64 patients including
paediatric and adult patients, the risk of survival increased with each
additional year of patient age. However, when Huo et al. validated
the paediatric and adult groups (age>18 years) of the cohort
separately, COX regression analysis showed that age was no
longer a risk factor for both groups of patients (43). In addition, a
small series of retrospective analysis of Gener et al. pointed out that
age was not a risk factor for prognosis (10). Thus, Selvanathan et al.
found that age was associated with prognosis, most likely because
the cohort included patients under 18 years of age (1).

4.3 Gender

Males and females comprised 44.4% and 55.6% of the total cohort
in this study, respectively. Although there were slightly more female
patients than male, no gender differences were found to have an
impact on improving survival rates. Most of the adult PB series
display a higher proportion of female patients and no statistically
significant effect of gender on prognosis (1, 10, 42, 43). Only Lee et al.
stated that there was a statistical trend for gender to improve survival
(41). The interpretation of this finding needs to be considered in two
ways. One is that in the Lee et al. cohort, the sample size was small
and predominantly male, which is not consistent with the findings of
most studies. The second is that a statistical trend cannot be equated
with statistical significance, and it is likely that the trend would
disappear after adjusting for other factors.

4.4 Surgery

The prevailing surgical approach is gross total resection (GTR)
and subtotal resection (STR), with GTR being the recommended
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A Risk Factors No. of Event HR, 95% CI (Univariate) P Value
B Age,>30 years 2t HiH 094 (0.52,1.70)  0.834
H Male 24 = 0.87 (0.48, 1.57) 0.641
W STR 13 [ 0.49 (0.26, 0.95) 0.034*
H GTR 2 —a— 0.20 (0.05, 0.83) 0.026*
H RT 32 —— 0.11(0.05,021)  <0.001%
W Focal 10 —— 1.84 (0.84, 4.07) 0.129
m CSI 3 —— 0.98(0.28,337) 0968
m CT 9 - 0.43(0.21,0.91) 0.027*

1 1 1
0.01 0.1 1 10

B Risk Factors No. of Event HR, 95% CI (Univariate) P Value
W Age, > 30 years 23 HH 0.96 (0.54, 1.68) 0.877
W Male 29 B 0.78 (0.44, 1.38) 0.387
W STR 15 [ 0.52(0.28, 0.98) 0.041%
m GTR 3 —— 0.28 (0.08, 0.91) 0.034*
H RT 37 —— 0.11(0.05,021)  <0.001*
W Focal 12 —— 1.96 (0.94, 4.08) 0.072
W CSI 4 —a— 1.03 (0.34, 3.08) 0.960
m CT 10 . 0.44 (0.22, 0.90) 0.024*

|l 1 T 1
0.01 0.1 1 10

FIGURE 3

Univariate Cox regression analysis was used to estimate the prognostic factors in 5 years follow-up (A) or 10 years follow-up (B). Black squares
indicate the hazard ratio (HR). *Statistically significant. HR, hazard ratio; Cl, Confidence Interval. STR, subtotal resection; GTR, gross-total resection;

RT, radiotherapy; CSI, craniospinal irradiation; CT, chemotherapy.

approach on adult PB (44). According to the Kaplan-Meier
curve, there is a significant difference in the effect of GTR, STR
and no surgery on the survival rate in this study. Moreover, the
effect of GTR is the best, and the effect of STR is the second.
Although both GTR and STR were statistically significant in the
univariate COX analysis, both lost statistical significance after
the multivariate COX analysis. However, it is worth noting that
the results of the multivariate COX analysis, which limited the five-
year follow-up time, showed a statistical trend in GTR (P=0.079).
Perhaps with an expanded sample size, GTR could be an
independent variable in improving the prognosis of adult
PB patients over the five years that they undergo GTR surgery.
Multivariate COX analysis showed a disappearance of the
tendency for GTR to improve prognosis within ten years
(P=0.106), which may be related to the short survival period of
the malignancy.
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From a theoretical point of view, the relatively conservative
approach to early surgery, such as STR, is due to the need to avoid
surgical complications. With the development of clinical
technology, microsurgery and neuronavigation technology can
better support clinicians to choose a wider range of resection
operations (6, 45). Moreover, studies have demonstrated that
GTR is associated with better local control and a reduced rate of
local recurrence (46, 47). Although Selvanathan et al. did not find a
benefit from surgery, Tate et al. claimed that the role of GTR in the
treatment of PB could not be ignored (1, 6).

4.5 Radiotherapy

In this study, RT not only demonstrated statistical significance
in the Kaplan-Meier curve and univariate COX analysis (P<0.001),
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A
Risk Factors No. of Event HR, 95%CI P Value
Surgery
No surgery 29 Reference
STR 13 —8—— 0.64 (0.29,1.41) 0.265
GTR 2 — . 0.16 (0.02,1.23) 0.079
RT 32 —8— 0.16 (0.07,0.37) <0.001
CT 9 —&— 0.69 (0.31,1.54) 0.363
0.01 0.1 1 10
B
Risk Factors No. of Event HR, 95%ClI P Value
Surgery
No surgery 30 Reference
STR 15 —a-— 0.68 (0.33,1.44) 0.315
GTR 3 —a— 0.3 (0.07,1.29) 0.106
RT 37 —a— 0.16 (0.07,0.35) <0.001
CT 10 —a— 0.68 (0.32,1.45) 0.317
0.2)1 0..1 1 1.0

FIGURE 4

Results of multivariate analysis on overall survival at 5 years (A) or 10 years (B). HR, hazard ratio; Cl, Confidence Interval. *Statistically significant. STR,
subtotal resection; GTR, gross-total resection; RT, radiotherapy; CT, chemotherapy.

but also emerged as the only independent prognostic factor in the
multivariate COX analysis. In Selvanathan et al. cohort, there was
no statistical difference in survival between patients who received
RT and those who did not. However, he also found that patients
who received RT may have prolonged survival, acknowledging that
the lack of statistical significance was due to the limitations of the
sample size (1). Similarly, this issue arose in the study by Huo et al.

Surgery

1.00
1

0.80
)

0.60

0.40
|

0.20
1

0.00
M

T T T T T
20 30 40 50 60
Follow-up (months)

0 10

No surgery STR

GTR

FIGURE 5

The risk factor for RT in 14 adults with PB was protective, but not
statistically significant. After he had combined the adult and
paediatric samples, the prognostic impact of RT was statistically
significant (43).

For the impact of the type of RT, this study attempted to explore
the effect of CSI, Focal and CSI + boost on survival. Although RT
type was not found a statistical difference, CSI+boost demonstrated

Surgery

0.80 1.00
1 1

0.60

0.40

0.20
|

0.00
|

T T

0 20

T T T
40 60 80
Follow-up (months)

T T
100 120

No surgery STR

GTR

Kaplan—Meier curve analysis (Log-rank test) illustrating the survival rates of patients (n=107) between GTR, STR and no surgery for 5 years (A) or 10

years (B). STR, subtotal resection; GTR, gross-total resection.
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No CT cT

Kaplan—Meier curve analysis (Log-rank test) illustrating the survival rates of patients (n=102) between CT and no CT for 5 years (A) or 10 years (B).

CT, chemotherapy.

a trend towards improved survival. In fact, there is no retrospective
analysis of adult PB that explores this factor. Therefore, it is difficult
to compare and validate this result. In conclusion, the prognostic
impact of radiotherapy may become clearer as the sample size of
future studies is expanded and more prospective trials are explored.

4.6 Chemotherapy

In this study, the Kaplan-Meier curve and univariate COX
analysis showed that CT was beneficial and statistically significant
for survival. However, a multivariate COX analysis revealed that CT
could not be used as an independent prognostic variable. This may
indicate that CT in combination with surgery and RT can improve
survival rates. In the Tate et al. cohort, the combination of RT and

CT after surgery was more beneficial to survival than the CT after
surgery. However, he did not analyse the effects of CT separately
nor did he distinguish between adults and children in the cohort (6).
Huo et al. distinguished between adults and children and studied
the prognostic impact of CT, but he did not find it to be statistically
significant (43). Jing et al. found that the combination of
postoperative RT and CT significantly improved survival rates
(42). In clinic, one case report supported that CT was effective in
clinical practice (14).

5 Limitations

This systematic review summarises published cases with specific
data, including institutional studies and case reports. This study

1.00
|

p<0.001

0.80
1

0.60
L

0.20
L

0.00
M

T T T T T T T
0 10 20 30 40 50 60
Follow-up (months)

No RT

FIGURE 7

B RT

p<0.001
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)
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0.00
M

T T T T T T T
0 20 40 60 80 100 120
Follow-up (months)

No RT RT

Kaplan—Meier curve analysis (Log-rank test) illustrating the survival rates of patients (n=108) between RT and no RT for 5 years (A) or 10 years (B).

RT, radiotherapy.
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contains the most comprehensive number of adult PB cases
available and is also the first systematic review of adult PB to
provide evidence for the determination of treatment options.
However, access to the database to retrieve the data was not
achieved. It was also not possible to contact authors who did not
provide specific data. In the study of the relationship between
treatment and prognosis, the data of chemotherapeutic drugs are
insufficient and cannot be statistically analysed. Sample size
limitations did not allow for analysis of combination treatments.
In addition, heterogeneity in tests, diagnosis and treatment
modalities is objective due to differences in the year in which
each patient is diagnosed. The operation of the treatment and the
choice of medication are uncontrollable. However, the use of
regression analysis to correct for covariates of confounding
factors helped to reduce the effect of heterogeneity.

6 Conclusion

PB is a rare tumour of the pineal region. In adults, age and
gender do not influence the overall survival of PB patients.
Gross-total resection and radiotherapy are favourable factors for
prognosis. Surgery combined with radiotherapy and chemotherapy
is likely to be even more effective. In the future, further studies are
needed to explore the contributions of radiotherapy methods,
radiation doses, and chemotherapy regimens. Additionally, we
advocate for the standardisation of follow-up intervals, the
extension of the total duration of follow-up as well as the
recording of professional activities and quality of life in original
studies. Prospective studies with more restrictive selection criteria
are more likely to identify the key factors that affect the survival of
adult PB patients.
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