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Background: The pineal gland, a small, pinecone-shaped organ deep within the brain, is responsible for producing melatonin.
The gland consists of pineal parenchymal cells and glial cells that can form neoplasms. Pineal region neoplasms can also arise from
germ cells and adjacent structures. This review focuses on detection of serum and cerebrospinal fluid (CSF) biomarkers of germ
cell tumors and pineal parenchymal cell tumors, as these types comprise most neoplasms specific to the pineal region.
Methods: For this review, we searched PubMed using the following keywords: biomarkers, germ cell tumor, germinoma, melatonin, pineal, pineal gland, pineal neoplasm, pinealoma, pineal parenchymal cell tumor, pineal region, and pineal tumor. We limited
our search to full-text English articles and identified other relevant sources from the reference lists of identified articles.
Results: Serum and CSF biomarker assays have a role in cases of suspected pineal germ cell or parenchymal neoplasms. Biomarkers including alpha-fetoprotein, beta-human chorionic gonadotropin, and placental alkaline phosphatase inform diagnosis and
treatment and are important for monitoring germ cell tumor response to treatment. No biomarkers are currently available that
inform diagnosis or treatment of pineal parenchymal tumors, although melatonin assays may have a role in monitoring response
to treatment.
Conclusion: Serum and CSF biomarkers in conjunction with clinical and radiographic evidence of a pineal region mass can inform
the decision whether to undertake stereotactic biopsy or surgical excision or whether to proceed straight to medical treatment.
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INTRODUCTION
The pineal gland has long fascinated scientists and
philosophers alike. The philosopher and mathematician
René Descartes believed the pineal gland was the seat of
the soul from which all thoughts arise.1 While scientists are
still discovering the full potential of the pineal gland, one
of its primary purposes is the production and release of
melatonin, a hormone that modulates the circadian rhythm.2
The location of this very small, pinecone-shaped organ is
deep within the brain. The anatomic boundaries include
the posterior wall of the third ventricle forming the gland’s
base, the splenium of the corpus callosum superiorly, and
the thalamus surrounding both sides. The gland projects
posteriorly and inferiorly into the quadrigeminal cistern
(Figure 1).3
The pineal gland is composed of pineal cells and neuroglial
cells, both of which can form neoplasms in the pineal region,
as well as residual germ cells from primordial neural crest
cell migration and cells derived from nearby structures. This
review focuses on the diagnostic workup of pineal region
neoplasms with an emphasis on the clinical utility of novel
serum and cerebrospinal fluid (CSF) biomarkers of germ cell
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tumors and pineal parenchymal cell tumors. To facilitate our
review, we searched PubMed for articles pertaining to our
topic using the following keywords: biomarkers, germ cell
tumor, germinoma, melatonin, pineal, pineal gland, pineal
neoplasm, pinealoma, pineal parenchymal cell tumor, pineal
region, and pineal tumor. We limited our search to full-text
English articles and identified other relevant sources from the
reference lists of the identified articles.

TUMOR TYPES AND INCIDENCE
Because of the wide variety of tissues in the pineal region,
a tremendous diversity of malignant and benign tumors can
develop. Pineal neoplasms are predominantly a childhood
malignancy representing 3%-11% of all pediatric brain
tumors compared to <1% of brain tumors in adults.4-6
Pineal region masses can cause syndromes of mass effect,
including headache, aqueductal stenosis, hydrocephalus,
Parinaud syndrome, or compressive hypothalamic syndromes such as diabetes insipidus and slowed growth. The
absence of the blood-brain barrier in the pineal gland makes
it a susceptible site for hematogenous metastasis. Mimics
of nonneoplastic pineal region tumor include the following:
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epithelium, and pineoblastoma, an aggressive, grade IV neoplasm derived from primitive neuroectoderm.6,7

Other Types
In addition to these tumor subtypes, a pineal region mass
could consist of glial cells, meningeal cells, or cells from
other miscellaneous sources. Papillary tumors of the pineal
region are a new classification believed to be derived from
specialized ependymocytes. These tumors are rare and are
not discussed further in this review.

Incidence Rates

Figure 1. Illustration of the brain from the second edition of
De humani corporis fabrica libri septem by Andreas Vealius,
1555. The pineal gland, labeled L, is found in the focal point
of the cranial vault, projecting into the ventricles. This symmetry and relationship with the ventricles held significance
for Renaissance scholars, and the pineal gland was considered the seat of the soul.

vein of Galen aneurysm, arteriovenous malformation, and
cysticercosis.5,7
Pineal region tumors are presently classified into 5 categories: germ cell tumors, pineal parenchymal cell tumors,
glial cell tumors, papillary tumors of the pineal region, and
miscellaneous tumors and cysts.6

Germ Cell Tumors
Among germ cell tumors, dermoid tumors, epidermoid
tumors, and teratomas are considered benign; choriocarcinomas, endodermal sinus tumors, and embryonal carcinomas are considered malignant; and germinomas and immature teratomas fall in between. Germ cell tumors can occur
in the brain within the pineal region and in the suprasellar
region in the midline, corresponding to the route of primordial germ cell migration. Thirteen percent of germ cell tumors
arise in the pineal or suprasellar region.8,9
Precocious puberty can occur in boys with intracerebral
germ cell tumors because of luteinizing hormone–like effects
of beta human chorionic gonadotropin (β-hCG) in the central
nervous system. Drop metastases can cause radiculopathy
and/or myelopathy.7,10-13

Pineal Parenchymal Cell Tumors
Pineal parenchymal cell tumors include pineocytoma,
a slow-growing, grade II neoplasm derived from pineal
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Germinoma is the most common pineal tumor, representing up to 50% of pineal tumors in Europe, the United States,
and Japan.4,14 One series of 370 pineal tumors in patients
aged 3-73 years found that 27% of the tumors were germinoma; 26% astrocytoma; 12% pineoblastoma; 12% pineocytoma; 4.3% ependymomas; 4.3% teratoma; 2.7% each
of ganglioglioneuroma, lymphoma, meningioma, metastasis, and pineal cyst; 1.6% mixed embryonal cell tumor
(embryonal carcinoma)/malignant teratoma; 1.1% choriocarcinoma; and 0.54% oligodendroglioma.15 In a series of
36 pediatric patients, 30% of the tumors were germinoma;
19% astrocytoma; 6% each of malignant teratoma, pineocytoma, and unidentified germ cell tumor; 3% each of arachnoid cyst, choriocarcinoma, dermoid, embryonal cell tumor,
endodermal sinus tumor (yolk sac carcinoma), glioblastoma, mixed ectodermal sinus tumor/germinoma, mixed
embryonal cell tumor/malignant teratoma, mixed pineocytoma/pineoblastoma, pineal cyst, pineoblastoma, and
teratoma.16 Using the Surveillance, Epidemiology, and End
Results database, Al-Hussaini et al reported the incidence
of pineal parenchymal cell tumor subtypes as 14%-60%
pineocytoma, 45% pineoblastoma, and 10% mixed histology, although classification of pineal parenchymal cell tumor
subtypes is complicated by histopathologic heterogeneity.17
We applied the pineal region tumor classification system
to determine the percent distribution of pineal region masses
in 6 historic case series (Table 1).15,16,18-21

DIAGNOSIS AND BIOMARKERS
Diagnosis of pineal region neoplasms is based on clinical presentation, imaging (Figure 2), and pathology results.
Serum and CSF biomarkers complement these standard
diagnostic techniques by providing additional data points
before invasive procedures are done. Particular serum and
CSF biomarkers in conjunction with clinical and radiographic
evidence of a pineal region mass can inform the decision to
undertake stereotactic biopsy or surgical excision or to proceed straight to medical treatment.

Biomarkers for Germ Cell Tumors
Embryonal carcinomas, immature teratomas, and endodermal sinus tumors can cause elevated alpha-fetoprotein
in the serum or CSF. Choriocarcinomas and germinomas are
associated with elevated β-hCG3,22-32 ; nevertheless, β-hCG
levels in germinomas are inconsistent, and germinomas with
elevated β-hCG may have a poor prognosis.33-36 Germinomas are also associated with elevated lactate dehydrogenase and placental alkaline phosphatase.22,37,38 Germ cell
tumors in the brain release hormones directly into the CSF.
Comparing CSF and serum β-hCG levels is a particularly
27

Biomarkers of Pineal Region Tumors
Table 1. Classification and Percent Distribution of Pineal Region Masses in Six Case Seriesa
Regis
et al,15 1996
Ages 3-73 years
n=370

Grimoldi
et al,18 1998
Ages 9-52 years
n=13

Hernesniemi
et al,19 2008
Ages 0-78 yearsb
n=101

Abecassis
et al,20 2017
Ages 0-66 years
n=51

Abbassy
et al,21 2018
Ages 1-27 years
n=11

Germ cell tumors/ 63% / 30%
Germinomas

34% / 27%

39% / 31%

13% / 11%

38% / 30%

36% / 18%

Pineal
parenchymal
cell tumors

12%

24%

39%

32%

26%

27%

Glial cell tumors

22%

34%

8%

26%

14%

36%

Miscellaneous
tumors and
cysts

6%

12%

15%

30%

22%

0%

World Health
Organization
Tumor
Classification6

Edwards
et al,16 1988
Ages < 18 years
n=36

a
The papillary tumor of the pineal region classification is not included in this table, as this entity was not defined until 2003 after 3 of the case series
were published. We have classified ependymomas and atypical teratoid rhabdoid tumors as glial tumors and papillary tumors of the pineal region as
miscellaneous tumors and cysts.
b
This series includes 12 vascular lesions that are not included in the table.

important step in the workup of a pineal mass, as patients
with metastatic disease do not benefit from resection of the
primary tumor. Accordingly, an important workup step before
obtaining CSF is systemic assessment; if systemic assessment reveals a primary site, CSF sampling is not necessary.
Biomarkers of germ cell tumors are summarized in Table 2.
Nagasawa et al found a high correlation between serum
and CSF assays and immunohistochemistry of alphafetoprotein and β-hCG markers, with immunohistochemistry being more sensitive in the majority of cases.9 Newer
technologies and more sensitive assays may warrant future
investigation of serum or CSF levels of additional immunohistochemistry markers of germ cell tumors, such as car-

cinoembryonic antigen, human placental lactogen, cytokeratin, octamer-binding transcription factor 4 (Oct-4), and c-kit
(CD117).

Biomarkers for Pineal Parenchymal Cell Tumors
Many case reports and series from the 1960s describe
abnormalities in melatonin secretion in the setting of pineal
masses.13,18,39-48 In a review completed in 2015, Rousselle and colleagues concluded that few if any pineal
parenchymal cell tumors consistently produce a hypomelatoninemic or hypermelatoninemic state.49 They suggest
that reported symptoms of pineal masses such as sleep
or behavioral problems represent hypothalamic extension
rather than abnormalities of melatonin secretion. Nevertheless, this group notes that patients who experience
a pinealectomized syndrome characterized by cluster
headaches and sleepiness50,51 respond to exogenous melatonin supplementation.49 Vorkapic and colleagues suggest
that preoperative hypomelatoninemia may be used as a
marker for a destructive pineal mass, and that postoperative
hypomelatoninemia may demonstrate pinealectomy.52 Analysis of melatonin levels is currently believed to have little
clinical applicability for diagnosis or for monitoring response
to treatment.7 Nevertheless, exogenous melatonin supplementation after pinealectomy may mitigate the ensuing syndrome and preserve the health benefits of melatonin.13,53 In
1989, Korf et al found S-antigen immunoreactivity in the preoperative CSF of one patient found to have pineocytoma,47
but we were unable to find any studies testing this observation. Synaptophysin and chromogranin are markers of
primitive neuroendocrine tumors that may be expressed
in pineoblastoma and detectable in serum or CSF.54
These potential biomarkers represent directions for future
research.

Workup Including Biomarkers
Figure 2. T1-weighted magnetic resonance image with
gadolinium contrast of a papillary tumor of the pineal region in an 18-year-old boy. (Image courtesy of Martin Hasselblatt, MD via Wikimedia Commons.)
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Workup of a pineal mass presently entails imaging followed by serum and CSF laboratory workup for germ cell
tumor markers alpha-fetoprotein, β-hCG, and placental alkaline phosphatase. As described above, these markers can
Ochsner Journal
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Table 2. Biomarkers of Germ Cell Tumors

Tumor Subtype

Alpha-Fetoprotein

Embryonal carcinoma

Gonadotropin

Phosphatase

b

+

+/– a
+

+/– b
+

Choriocarcinoma
Endodermal sinus tumor (yolk sac carcinoma)

Placental Alkaline

+/–

Germinoma
Teratoma

Beta Human Chorionic

+

a

Mature teratomas tend to be negative for serum and cerebrospinal fluid alpha-fetoprotein.
Beta human chorionic gonadotropin (β-hCG) levels in germinomas and embryonal carcinomas are inconsistent but are usually more detectable in
cerebrospinal fluid. High βhCG levels in germinomas have been associated with worse prognosis.
b

be somewhat helpful for diagnosis, but they are more useful for monitoring response to treatment.55 A pineal mass
that is negative for all 3 markers may be a germ cell
tumor that is negative for markers or a pineal parenchymal cell tumor. Imaging and laboratory workup are followed
by biopsy. Stereotactic biopsy has a low rate of complications (1.3% mortality, 7% morbidity) and a high diagnostic
yield (94%), but stereotactic biopsy may underdetect histologically heterogeneous tumors.15 If histologically heterogeneous tumors are suspected, biomarkers may inform diagnosis. For instance, a stereotactic biopsy notable for a germ
cell tumor that is not a germinoma and elevated serum βhCG could indicate a histologically heterogeneous tumor
with some undetected germinoma component. This distinction could be important because germinomas, the most
common pineal neoplasm, generally respond well to radiation and chemotherapy. The standard treatment for pineal
parenchymal tumors is radiation. Surgery is an option, particularly for children who often have adverse consequences
from chemotherapy or radiation. However, surgery has a
mortality rate of 5%-10%.7,15

CONCLUSION
Serum and CSF biomarker assays play an important role
in the diagnostic workup of cases of suspected pineal germ
cell or parenchymal neoplasms and can inform both treatment planning and follow-up. Biomarkers—including alphafetoprotein, β-hCG, and placental alkaline phosphatase—
inform diagnosis and treatment and are important for monitoring response to treatment in germ cell tumors. Serum and
CSF biomarkers in conjunction with clinical and radiographic
evidence of a pineal region mass can inform the decision to
undertake stereotactic biopsy or surgical excision or whether
to proceed straight to medical treatment.
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