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Abstract
Background: Pineoblastoma (PB) is an infrequent entity of the central nervous system. The data about
clinical outcomes of PB is exceedingly limited due to its rarity. Notably, the optimal treatment approaches
and prognostic factors on PB is still unclear. Thus the aims of this study are to identify prognosis-
associated factors and develop a predictive nomogram of PB.

Method: Data of 243 patients with PB (≤29 years), collected by the Surveillance, Epidemiology, and End
Results database, were randomly carved up the primary (n=172) and validation cohort (n=71) two groups.
A prognostic nomogram was developed based on primary cohorts and optimized via the Akaike
Information Criterion. Calibration curves were applied to show the results of validation (internal, external,
and cross-validation). Additionally, its predictive performance was evaluated by the concordance index
and receiver operating characteristic curve. Finally, decision curve analyses were employed to assess its
clinical utility.

Results: Age, year of diagnosis, treatment, tumor size, and tumor extension were identi�ed as independent
predictors of PB based on multivariate Cox regression analysis. The model presented an excellent
discriminating ability (concordance index of the nomogram: 0.805; 95% con�dence interval: 0.78–0.83;
area under the receiver operating characteristic curve with a range from 0.7 to 0.9). The calibration plots
(probability of survival) is consistent with the results predicted by the nomogram. The results of the
decision curve analysis showed that the nomogram has potential clinical applicability.

Conclusion: The nomogram can be used to assess prognosis and determine appropriate treatment
options.

Background
The pineal gland is an endocrine gland located in the midline of the brain, which modulates indirectly
circadian rhythms via secreting melatonin. Some primary tumors growing out of there are termed as the
pineal parenchymal tumors (PPTs), which are considered as rare neoplasms and account for less than
1% of all primary central nervous system tumors (1). Interestingly, there, for these tumors, is a higher
incidence in groups of infants and adolescents than adults (2, 3). Additionally, the varied growth patterns
and histological features were typically exhibited in different histological types of PPTs. PPTs were
classi�ed into the pineocytoma (ICD-O 9361/1, WHO grade I), PPT of intermediate differentiation (ICD-O
9362/3, WHO grade II/III), pineoblastoma (PB) (ICD-O 9362/3, WHO grade IV), and papillary tumor (ICD-O
9395/3, WHO grade II/III) four signi�cant subgroups in the classi�cation of tumors of the central nervous
system published by the in 2016 (4). Of those, PB covers a substantial proportion of PPTs, with up to 25–
50% (5), and a high incidence of PB is observed in children, adolescents, and young adults (6–8).

PB is de�ned as a high-grade malignant primary supratentorial neuroectodermal tumor in the central
nervous system (9). Similar to other malignancies, the patients with PB harbors traditionally exceedingly
poor prognosis on account of the aggressiveness of PB. Besides, a high recurrence rate and strong
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inclination of metastasis, especially systemic metastasis, are also one of the main reasons why PB
exhibits a worse prognosis. It was reported by the published literature that PB manifested a predilection
for seeding along the craniospinal axis and metastasizing to parts other than the central nervous system
(10, 11), such as lung (12), bone (13–16), and peritoneum (17). However, the data on the survival of
patients with PB is extremely limited, owing to the rarity of PB cases. Up to date there were hundreds of
literature to report PB, but most as single case report or in small series (18–20). Although those studies,
at some level, were a valuable source of information concerning PB, some reliable medical proofs for
treatment decision-making were not yet supplied by those with inherent drawbacks, such as small sample
numbers and inadequate statistical power. Therefore, there is thus far no yet clearly de�ned independent
prognostic factors of PB and generally accepted treatment regiments.

To address these shortcomings, we conducted a retrospective study in a large series with 243 PB cases
from the Surveillance, Epidemiology, and End Results (SEER) database. Firstly, the Cox proportional
hazard regression analysis was applied to identify the potential factors and independent prognostic
factors of PB. Secondly, survival outcomes of patients with PB were compared based on the independent
prognostic factors of PB. Finally, the nomogram model was established based on independent prognostic
factors to provide a more accurate prediction of the survival of patients with PB.

Methods

2.1. Data resource
The data of 243 PB cases were acquired from the SEER database by the SEER*Sat version 8.3.6
(https://seer.cancer.gov/), which collected the patient demographics, diagnosis years, tumor
characteristics (tumor size, grade, and extension), course of treatment, and follow-up of vital status.

2.2. Inclusion and exclusion criteria
To meet research requirements, we initially set up the inclusion and exclusion criteria for sample selection
in this study. Inclusion criteria:  patients were diagnosed as PB with the ICD-O-3 code 9362/3;  year of
diagnosis was from 1976 to 2016.  the age of patients with PB was younger than 30 at diagnosis; 
Cases with clear treatment information. Exclusion criteria:  other types of cancer;  year of diagnosis was
before 1976 and after 2016; patients with more than 30 years of age;  patients with unclear treatment
information (unknown);  dead of causes other than PB;  single cases in some items (such as the RT
prior to surgery, intraoperative beam radiotherapy [RT], RT before and after surgery as well as sequence
unknown, but both were given). Ultimately, 243 patients with PB were selected for this analysis (Fig. 1).

2.3. Variables selection
The age, sex, race, year of diagnosis, laterality, therapy, tumor extension, and tumor size were included
and analyzed in this study. Several of those factors often had various subclasses, such as laterality
(including right/lift-origin of primary and paired site, but no information concerning laterality), therapy
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(comprising only biopsy; surgical treatment; RT; chemotherapy [CT]; RT after surgery; RT combined with
CT, sequence unknown; and RT after non-primary surgical procedure combined with CT, sequence
unknown), extent of tumor extension (including invasive tumor con�ned to gland of origin, localized, not
otherwise speci�ed, adjacent connective tissue, adjacent organs/structures, and further contiguous
extension, http://web2.facs.org/cstage0205/intracranialgland/IntracranialGland_bfy.html), and tumor
size. Survival time was de�ned as the period from diagnosis to death or last follow-up, and those cases
lost to follow-up were censored by the SEER. Non-survival included death caused by PB. Additionally, in
view of existing incomplete items (including tumor extension and size), the missing value was replaced
by a computer-generated

data, which was achieved via methods of multiple imputations by the R software, which could boost case
number and statistical power (21).

2.4. Statistical analysis
All cases were partitioned at random into the training and validation cohort two groups in proportion to
7:3 (22). The data from the training cohort was applied to establish the predictive model and nomogram,
while the validation cohort was employed to the external validation of the model. The speci�c process for
the construction of the predictive model and nomogram was as follows. Firstly, we explored the possible
risk factors related to PB by the univariate Cox regression, and factors with a p-value 0.1in univariate
Cox regression were de�ned as the potential risk factors of PB. Secondly, all possible risk factors were
selected and analyzed in the multivariate Cox regression, and those with a p-value < 0.05 in the
multivariate analysis were named as independent predictors of PB. Thirdly, the predictive model was
developed based on all independent predictors, and the model was optimized and visualized by virtue of
the Akaike Information Criterion (AIC) and nomogram, respectively (23).

The internal and external validation was carried out to validate the accuracy of the model in the training
and validation cohort, respectively. Furthermore, we also performed cross-validation in both the cohort by
bootstrapping. Besides, the accuracy and distinguishing ability of the model were assessed by the time-
dependent receiver operating characteristic (ROC) curve and concordance index (C-index) with
bootstrapping (24, 25). The calibration curves were applied to compare the association and deference
between the actual observations and predicted outcomes of the model (26). Finally, we evaluated the
clinical utility of the model by the decision curve analysis (DCA) (27).

In this study, all continuous variables (including age, years of diagnosis, and tumor size) were
transformed into the categorical variables according to the best cut-off values, which were identi�ed by
the X-title software (28). The de�nition of the optimal cut-off value was the point, which was the most
signi�cant split among the survival distributions of those factors with different categorical ages and
tumor sizes (22). Last of all, the new categorical variables were regarded as the predictors which were
analyzed in the survival analysis.
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The R (http://www.r-project.org/; version 3.6.3) and X-title software (Yale University, New Haven, CT, USA;
version 3.61) were employed to statistical analyses in this study. A p-value 0.1 was designated as the
criterion for excluding a variable from the multivariate Cox proportional hazards model, and a p-value < 
0.05 denoted statistical signi�cance for all other tests.

Results
3.1. Clinical and pathological characteristics of patients

In this study, 243 patients with PB were split into the training cohort (n=172) and the validation cohort
(n=71). Table 1 shows baseline information about patients. The majority of patients were white (n=163,
67.08%) and age  5 years (n=66, 27.16%). Besides, most patients did not have paired sites due to the
presence of lateral features (n = 239, 98.35%). There is no other indication that the tumor can only extend
to the glands and localities of origin (n=142, 54.32%). From 2003 to 2016, about 80% of patients were
diagnosed with disease (n=157, 64.61%). Surprisingly, in terms of histology, the rate of con�rmed cases
was as high as 97% (n = 239, 98.35%).

3.2. Univariate analysis

The age, year of diagnosis, treatment (only biopsy, Surgery, RT, CT, RT after surgery, RT and CT, RT after
surgery combined with CT), tumor size, and tumor extension were identi�ed as the possible risk factors of
PB in this study, which were statistically signi�cant with the survival (P 0.05) (Figure 2). The rest of the
factors with P 0.05 in univariate analysis excluded from multivariate analysis.

3.3. Independent prognostic factors in the training cohort

As is shown in �gure 3, the age, sex, therapy, tumor extension, and tumor size were identi�ed as the
independent prognostic factors of PB. In details, the age (hazard ratio [HR]=0.72, P 0.05), therapy options
(RT combined with CT: HR=0.17, P 0.001; RT after surgery: HR=0.38, P<0.05; RT after surgery combined
with CT: HR=0.30, P<0.05), extent of tumor extension (localized, NOS: HR=3.05, P 0.005; extension
adjacent connective tissues: HR=3.37, P 0.05; extension adjacent organs and structures: HR=5.25,
P<0.001; tumor further contiguous extension: HR=5.61, P<0.001), tumor size (HR=0.95, P<0.001), Sex
(female: HR=0.59, P<0.1), and year of diagnosis (HR=0.96, P<0.01). Race (Others: HR=1.14, P>0.1) and
laterality (paired site: HR=5.44, P>0.1) were not classi�ed as the independent prognostic factors.
Moreover, the Kaplan-Meier curves were used to show the effect of prognostic factors on the survival of
patients (Figure 4).

3.4. Prognostic nomogram of overall survival

The predictive model was developed and optimized according to the results of the AIC protocol in the
primary cohort, and then visualized by the prognosis nomogram (Figure 5). Each level of every variable
match corresponding scores assigned in points on the nomogram. Consequently, a total score can be
obtained by adding the various variables or their corresponding levels. At this point, it is easy to estimate

https://cn.bing.com/dict/search?q=At&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=this&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=point&FORM=BDVSP6&mkt=zh-cn
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the overall survival of per patient at 3, 5, and 10 years based on a total score. It is worth noting that the
extent of tumor extension holds a greater weight of total score than other factors, indicating that extent of
tumor extension is a chief factor in�uencing the prognosis of patients with PB.

3.5. Validation of the nomogram  

The validation cohort with data of 71 PB patients was applied to validate the nomogram which exhibited
an excellent consistency with a C index of 0.805 (95% CI: 0.78-0.83). In addition, the internal and external
validation, as well as cross-validation of the nomogram was visualized by the calibration plots (�gures
6A-F, �gure 7A) in primary cohorts, validation cohorts, and both cohorts, respectively. Importantly, those
plots exhibited an excellent consistency between observation and prediction for probability for 3-, 5-, and
10-year survival. Besides, the good discriminative ability of the model was demonstrated by the time-
dependent ROC curve (�gures 7B) with the area under the curve (AUC) ranged from 0.7 to 0.9. Finally, the
clinical usefulness was assessed by the DCA curves, in detail, a model curve between the blue and green
line signi�es that the model holds good clinical usefulness. Of note, if there is a more distance from the
model curves to the blue and green line, which implies more signi�cant net bene�t and better clinical
applicability. As is shown in �gure 8, great net bene�ts were exhibited on the DCA curves of this predictive
model (�gures 8A-C), which underlined the potential clinical utility of this nomogram.

3.6. Comparison of predictive accuracy between the nomogram and a single independent factor

Compared with other factors, the greater weights were found in the factors extension and year of
diagnosis in the nomogram. The predictive ability for survival probability of patients with PB was, thus,
compared between the nomogram and extent of tumor extension, as well as the year of diagnosis.
Interestingly, there is a signi�cantly higher C-index (0.805; P 0.01) in nomogram than that in the extent of
tumor extension (0.63) and year of diagnosis (0.59), indicating that there is greater accuracy in
nomogram than the extent of tumor extension and year of diagnosis.

Discussion
It is of great importance for rare disorders such as PB to identify the prognostic factors affecting the
survival of patients and evaluate the effectiveness of current treatment regimens. Thus, acquiring
abundant clinical materials of PB cases is critical to achieving this goal. However, to conduct prospective
clinical trials seem an exceedingly challenging issue owing to limited PB cases. In this study, we
conducted a retrospective analysis based on enormous clinical data of PB which was collected by the
SEER database from 1976 to 2017. To the best of our knowledge, this study was the largest series
analysis concerning PB. Notably, the results from this analysis con�rmed that age, year of diagnosis,
treatment options, the extent of tumor extension, and tumor size were the dependent prognosis of
patients with PB. Interestingly, the results of this analysis indicated that the overall survival rate of
patients with PB has little to do with the application of radiotherapy. However, the combination of RT and
CT was found to be an independent prognostic factor for survival.
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Hitherto, there is no de�ning the optimal management strategies for PB, owing to extremely limited data.
Furthermore, clinical risk factors associated with prognosis were still less clear in groups with PB. Thus
the aim of the study was to clear the ideal treatment regimen and identify the independent prognostic
factors for PB. Given a higher precision of nomogram developed previously than the classical stage
system for prognosis in some cancers (29, 30), a prognostic nomogram for PB, consequently, was
developed based on the data of 243 PB cases. Finally, the clinical utility of the nomogram was assessed
by the DCA.

The aggressiveness, the major characteristic of malignancy, is the chief cause of most cancer patients
with a poor prognosis. The results of this study revealed, almost without exception, that the overriding
risk factor of PB was the continuous extension of disease, which was in line with those studies (31, 32).
Detailed, the HR for groups with tumor extension extended to adjacent connective tissues versus those
with tumors con�ned to the gland of origin was 3.37, while that for tumor extension extended to adjacent
organs or structures versus those with tumors con�ned to the gland of origin was 5.25. The �nding
indicated that the death risk of groups with tumor extension extended to adjacent organs or structures
was roughly four-fold of those with tumors con�ned to the gland of origin. As well, survival analysis
demonstrated that overall survival was, compared with those whom tumors con�ned to the gland of
origin, much reduced in groups whose tumor extension exceeded the gland of origin.

Thus far, the impact of tumor size on prognosis is still an intensely controversial issue. The results of a
study conducted by Tirada and her colleagues found that increased tumor size often portended a poor
prognosis for patients with cancers (33). Consistent with this, a study from Dittmar et al. showed that one
of the high-risk factors for mortality was the larger tumor size (34). Besides, it has been reported that the
risk of death and recurrence was increased as enlargement of tumor size (35). Yet there is evidence that
tumor patients trended to a more poor survival when tumor size was smaller (36, 37). In conformity with
this, the results of this analysis revealed that smaller tumor size was an independent prognostic factor of
poor survival (HR = 0.95, P 0.01), which indicated that increased risk of death by 5% for every 1 mm
decrease in tumor size.

Multiple lines of evidence illustrated that PB, comparing to infratentorial primitive neuro-ectodermal
tumors, carried more poor outcomes irrespective of treatment regimens (38–40). But the aggressive
surgical resection is still recommended in the management of PB, and surgical treatment was regarded
as the �rst-line therapy strategy (9, 20). In this analysis, the effect of varied treatment regimens on the
prognosis of patients with PB was analyzed, and found that those treatment options presented different
in�uences on clinical outcomes. It is important to note that the risk of death was diminished considerably
in patients who received the RT combined with CT, RT after surgical treatment as well as RT after surgery
combined with CT. Precisely, the HR for the RT combined with CT versus RT was 0.17, while that for RT
after surgical treatment and RT after surgery combined with CT versus CT was 0.38 and 0.30,
respectively. Those results indicated that the risk of death is reduced by 62% and 70% in patients who
underwent RT after surgery and in patients who underwent RT after surgery combined CT, respectively,
compared with those who underwent CT alone. Unsurprisingly, survival analysis in this study draws a
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conclusion that was in line with those �ndings. Though surgical resection was known as the �rst-line
therapeutic option and strongly recommended (21), of note, the results of this study could not yet support
that surgical treatment alone could signi�cantly improve the prognosis of patients with PB. Interestingly,
the results from a survey conducted by Mallick and his colleagues revealed that the clinical outcome was
markedly improved in patients who received surgical resection and adjuvant radiotherapy (41). The
�ndings of this study found that the RT after surgical resection and RT after surgery combined with CT
were independent prognostic factors which could improve remarkably clinical survival outcome.

About the function of CT in PB is a contentious issue. It seems that PB was responsive to CT as reported
by Schild et al. (42) and Ghim et al. (43). However, the �ndings of this study found that CT failed to
improve the overall survival of patients, which was not in harmony with that. It is interesting to note that a
study conducted by Mynarek et al. (6) draws a similar conclusion with us, which could not support the
effectiveness of CT in PB. Likewise, there is also no consensus regarding the role of RT against PB. A
study by Clark and his colleagues (44) demonstrated that PB was resistant to the RT. However, several
studies believed that PB was sensitive to the ratio therapy (39, 45, 46). But the �ndings of this analysis
could not determine that patients only received RT was bene�tting from the RT treatment. The limited
number of PB cases may be the primary reason why the discrepancy occurred on the effectiveness of RT
and CT. Hence, high-quality clinical studies are crucial to clarify those disagreements about RT and CT.

Age is typically regarded as risk factors of many disorders, such as neurodegenerative disease.

It was of interest that age was also a key risk factor of PB, which was identi�ed in this analysis. Our
�ndings revealed that overall survival improved signi�cantly with the increase of age (HR = 0.73), which
was in agreement with studies (47–49). In great detail, the risk of death was reduced by 27% for every 5-
year increase in patient age. It may perhaps be the fact that the biological behaviors of PB vary with
increasing age, but it is essential that plenty of studies were conducted to con�rm this conclusion.

There was no doubt that this study also has some limitations. Firstly, a long span of a few decades’ years
consumed patient data collection leads to heterogeneity in an examination, diagnosis, and treatment
modalities. Additionally, part of the information on some critical items of tumor size and extension was
not available in the primary data in which multiple imputation was performed. Although multiple
imputation adopted widely in some studies was conducted in this analysis, there is inevitably an existing
difference between the primary data and imputation data. Thirdly, the sequence of various treatment
options was unknown, which might lead to an unrealized evaluation for the effect of the sequence on
patients’ prognosis. Despite the shortcomings of this study, its advantages were also considerable and
conspicuous. Compared with previous studies, more abundant information about prognostic factors of
PB was supplied in this study. Also, the inherent bias and heterogeneity were limited through the
regression analysis, and the statistical power was improved signi�cantly on account of enlargement in
the number of PB cases. More importantly, the risk factors in the model were more accessible to achieve
than those realized by a high-priced technique and a great deal of time.
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Conclusions
In summary, age, year of diagnosis, treatment approaches, tumor extension, and tumor size were
identi�ed as independent prognostic factors of PB in this study. Additionally, we developed and validated
a nomogram that presented an accurate and nonsubjective prediction for the prognosis of patients with
PB. Most importantly, the nomogram may act as an assistant that helps clinicians assess patients'
prognosis and therapy decisions.
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Tables
Table 1.  Characteristics and treatments information of all patients
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         Variables `x±SD / N (%)

Validation cohort      primary
cohort

Age

     5

    5-14

15-29

Sex

   Male

   Female

Race

   White

   Others

Year of diagnosis

   1975–2002

   2003–2016

Tumor size

Laterality

   Not a paired site

   Paired site

Therapy

   Surgery

   RT

   Biopsy

   CT

   RT & CT, sequence unknown

   RT after surgery

   RT after surgery & CT, sequence unknown

      RT after GTR & CT

      RT after STR & CT

 

21 (29.58%)          45 (26.32%)

23 (32.39%)          56 (32.75%)

27 (38.02%)          71 (41.52%)

 

35 (49.30%)          83 (48.26%)

    36 (50.70%)          89 (51.74%)

 

    43 (60.56%)         120 (69.77%)

    28 (39.44%)          52 (30.23%)

 

21 (29.58%)          65 (37.79%)

    50 (70.42%)         107 (62.21%)

    29.74±10.03         30.79±10.94

                     

70 (98.59%)         169 (98.26%)

      1 (1.41%)            3 (1.74%)

 

4 (5.63%)          10 (5.81%)

3 (4.23%)          12 (6.98%)

      1 (1.41)             5 (2.91%)

     10 (14.08%)         15 (8.72%)

      4 (5.63%)          22 (12.79%)

9 (12.68%)         30 (17.44%)

37 (15.23%)         67 (27.57%)

30 (12.35%)         53
(21.81%)          

  7 (2.88%)          14 (5.98%)
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   RT after non-primary surgical procedure & CT, sequence
unknown

Extension

   Con�ned to the gland of origin

   Localized, NOS

   Adjacent connective tissues

   Adjacent organs & structures

   Further continuous extension

Diagnostic Con�rmation

Positive histology

Radiography

Positive exfoliative cytology

3 (4.23%)          11 (6.40%)

 

 

40 (56.33%)          92 (53.49%)

 15 (21.13%)          36 (20.93%)

  3 (4.23%)            7 (4.07%)

13 (18.31)            28 (16.28%)

1 (1.41%)            8 (4.65%)

 

69 (97.18%)          170 (98.83%)

 1 (1.41%)            2 (1.17%)

 1 (1.41%)            0 (0%)

Note: paired site including right-origin of primary, lift-origin of primary, and paired site, but no information
concerning laterality. RT, Beam radiotherapy; CT, chemotherapy; GTR, gross total resection; STR, Subtotal
resection.

Figures
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Figure 1

The �ow chart of patient enrollment.
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Figure 2

The results of the univariate Cox proportional hazards analysis (HR, 95% con�dence interval). Note:
*means p 0.05, **means p 0.01, and ***means p 0.001.
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Figure 3

Results of the multivariate analysis of different factors (HR, 95% con�dence interval). Note: *means
p 0.05, **means p 0.01, and ***means p 0.001.



Page 20/25

Figure 4

Kaplan–Meier curves for patients with PB based on varied independent prognostic factors. The Kaplan–
Meier curves for patients with primary PB according to tumor size (A), the extent of extension (B), therapy
& biopsy (C), therapy (D), RT after GTR & CT, RT after STR & CT (E), years of diagnosis (F).
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Figure 5

Nomogram predicting 3-, 5-, and 10-year cancer-speci�c survival for patients with PB. Prognostic factors
including age, race, tumor extension, tumor size, and therapy, and the scores assigned on the points scale
could match each level of every variable on the nomogram. Thus, a total score was obtained by adding
the score from various variables or their levels. Finally, the 3-, 5-, and 10-year cancer-speci�c survival for
each patient could be estimated based on the total score.
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Figure 6

Calibration plots for the prediction of cancer-speci�c survival at 3-, 5-, and 10-months. (A–C) Calibration
curves displaying the probability of 3-, 5-, and 10-year cancer-speci�c survival between the actual
observation and the probability predicted by the nomogram in the primary cohort. (D–F) Calibration
curves showing the probability of 3-,5-, and 10-year cancer-speci�c survival between the actual
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observation and the probability predicted by the nomogram in the validation cohort. The blue lines with a
slope of 1 were ideal for prediction.

Figure 7

(A) Cross-validation curves showing the probability of 5-year speci�c survival between the actual
observation and the probability predicted by the nomogram in the validation cohort. The blue lines with a
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slope of 1 were ideal for prediction. (B) time-dependent ROC curves showing the sensitivity and speci�city
of the cancer-speci�c survival prediction by the nomogram.

Figure 8

Decision curves of the nomogram predicting 3- (A), 5- (B), and 10-year(C) cancer-speci�c survival. The x-
axis represents the threshold probability, while the y-axis indicates the net bene�t calculated by adding
the true positives and subtracting the false positives. The horizontal line in parallel with the x-axis
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assumes that cancer-speci�c death did not occur in any of the patients, while the solid green line
assumes that all patients will have cancer-speci�c death at a speci�c threshold probability. The brown
dashed line represents the net bene�t of using the nomogram.


