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Abstract
Background. The current biomarkers alpha-fetoprotein (AFP) and human chorionic gonadotropin (HCG) have lim-
ited sensitivity/specificity for diagnosing malignant germ cell tumors (GCTs) and “marker-negative” patients require 
histological confirmation for diagnosis. However, GCTs at intracranial sites are surgically relatively inaccessible and 
biopsy carries risks. MicroRNAs from the miR-371~373 and miR-302/367 clusters are over-expressed in all malignant 
GCTs and, in particular, miR-371a-3p shows elevated serum levels at diagnosis for testicular disease.
Methods. Using our robust preamplified qRT-PCR methodology, we quantified miR-371a-3p levels in serum and 
cerebrospinal fluid (CSF) in a series of 4 representative clinical cases, 3 with intracranial malignant GCT and 1 with 
Langerhans cell histiocytosis (LCH), compared with appropriate control cases.
Results. Serum and/or CSF miR-371a-3p levels distinguished those with intracranial malignant GCTs from LCH and, 
if known in real time, could have helped clinical management. The benefits would have included (1) the only confirm-
atory evidence of an intracranial malignant GCT in 1 case, supporting clinical decision making; (2) early detection 
of intracranial malignant GCT in another, where an elevated CSF miR-371a-3p level preceded the histologically con-
firmed diagnosis by 2 years; and (3) confirmation of an intracranial malignant GCT relapse with an elevated serum 
miR-371a-3p level, where serum and CSF AFP and HCG levels were below thresholds for such a diagnosis.
Conclusions. This series highlights the potential for microRNA quantification to assist the noninvasive diagnosis, 
prognostication, and management for patients with intracranial malignant GCTs. Serum and CSF should be col-
lected routinely as part of future studies to facilitate the extension of these findings to larger patient cohorts.

Key Points

• The majority of intracranial GCTs require biopsy as most are AFP/HCG marker-negative.

• Knowledge of serum/CSF miR-371a-3p microRNA levels could help clinical management.

• Serum and CSF should be collected routinely as part of future studies.

Clinical utility of circulating miR-371a-3p for the 
management of patients with intracranial malignant 
germ cell tumors
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Germ cell tumors (GCTs) are characterized by clinical and 
pathological heterogeneity. Malignant GCTs are classified 
into germinoma and non-germinomatous tumors (yolk 
sac tumor [YST], embryonal carcinoma [EC], and chorio-
carcinoma [CHC]), while teratomas (which show exten-
sive somatic differentiation) are generally considered 
benign.1 Their anatomical occurrence at both gonadal and 
extragonadal (including intracranial) sites adds to their 
complexity and diagnosis may be challenging, particu-
larly for extragonadal/intracranial cases, which are surgi-
cally relatively inaccessible. The utility of the conventional 
body fluid protein biomarkers alpha-fetoprotein (AFP) and 
human chorionic gonadotropin (HCG) for diagnosis and 
follow-up is restricted to specific malignant GCT subtypes, 
as levels are raised predominantly in tumors containing 
YST and CHC, respectively.2 For extragonadal primary 
sites of disease (eg, retroperitoneum, mediastinum, and 
the central nervous system [CNS]), typical radiological 
findings and raised AFP/HCG markers alone may be suf-
ficient for diagnosis, and indeed for intracranial GCTs, 
this is the recommended practice in Europe and North 
America.3 For “marker-negative” extragonadal/intracranial 
cases, however, a biopsy is required to establish a formal 
histopathological diagnosis; this includes the majority of 
intracranial GCT cases, where germinomas (which are 
“nonsecreting”)4 occur approximately twice as frequently 
as non-germinomas.5 Such procedures carry risks of mor-
bidity, due to the difficulties in surgical access to these an-
atomical sites. Consequently, body fluid biomarkers that 
offer greater sensitivity and specificity for diagnosing and/
or monitoring malignant GCTs would be of major clinical 
benefit.6

Recent years have seen the emergence of circulating 
microRNAs as a new generation of biomarkers in ma-
lignant GCTs.7 MicroRNAs are short, non-protein-coding 
RNAs that are highly stable and well-suited for disease 
diagnosis and monitoring.8 We previously demonstrated 
that miRNAs from the miR-371~373 and miR-302/367 
clusters were over-expressed in all malignant GCT tis-
sues1 and developed a highly sensitive preamplified qRT-
PCR protocol to identify that levels of these microRNAs 

were elevated in patient serum at the time of malignant 
GCT diagnosis,9 with a panel of 4 serum microRNAs 
(miR-371a-3p, miR-372-3p, miR-373-3p, and miR-367-3p) 
highly sensitive and specific for this purpose.10–12 Of note, 
miR-371a-3p appears to show the greatest predictive 
value from the panel.13–18 We have shown that serum mi-
croRNA levels fall with successful treatment and increase 
rapidly at the time of relapse.9,11 We have also demon-
strated that levels of these microRNAs were elevated in 
the serum and/or cerebrospinal fluid (CSF) at the time of 
diagnosis of intracranial malignant GCTs.11 Multiple inter-
national research teams have adopted our preamplified 
methodology and demonstrated the utility of circulating 
microRNA testing for patients with malignant GCTs, but 
almost exclusively in adult male patients with testicular 
disease.12–14,18,19 Two clinical case series have highlighted 
how testicular GCT management could have been al-
tered if knowledge of the circulating microRNA results 
were available in real time.20,21 The present case series, 
with associated long-term follow-up and outcomes, dem-
onstrates how knowledge of circulating (serum and/or 
CSF) microRNA results for patients with a differential 
diagnosis that includes intracranial GCT could facilitate 
clinical management. Further work is now justified to es-
tablish these microRNAs in clinical practice, not just for 
patients with testicular disease16 but also for those with 
extragonadal disease, including intracranial cases.22

Materials and Methods

The study was performed under Cambridge Local 
Research Ethics Committee (reference 01/128) and the 
generic Children’s Cancer and Leukaemia Group (CCLG) 
Tissue Bank (reference 08/h0405/22 + 5, covering CCLG 
Biological Study 2002 BS 03)  approvals and was per-
formed with full informed parental consent. All ex-
perimental steps were compliant with the Minimum 
Information for Publication of Quantitative Real-time 
PCR Experiments.23 Sample processing, RNA isolation, 

Importance of the Study:

The current biomarkers alpha-fetoprotein 
(AFP) and human chorionic gonadotropin 
(HCG) have limited sensitivity/specificity for 
diagnosing malignant germ cell tumors (GCTs). 
As most intracranial malignant GCTs are AFP/
HCG marker-negative, the majority of patients 
undergo biopsy to establish the diagnosis. 
However, GCTs at intracranial sites are rela-
tively surgically inaccessible and biopsy carries 
risks. MicroRNAs from the miR-371~373 and 
miR-302/367 clusters are over-expressed in all 
malignant GCTs and, in particular, miR-371a-3p 
shows elevated serum levels at diagnosis for 

testicular disease. Here, we showed that serum 
and/or cerebrospinal fluid (CSF) miR-371a-3p 
levels distinguished those with intracranial ma-
lignant GCTs from other tumors, and if known 
in real time, could have helped clinical man-
agement. This series highlights the potential for 
microRNA quantification to assist the noninva-
sive diagnosis, prognostication, and manage-
ment for patients with intracranial malignant 
GCTs. Serum and CSF should be collected rou-
tinely as part of future studies to facilitate the 
extension of these findings to larger patient 
cohorts.
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and microRNA quantification were performed as de-
scribed.11,24 In short, as part of each patient’s standard 
clinical care, blood was sampled in serum separator 
tubes and/or CSF collected in plain tubes, before proc-
essing and centrifugation within 4  h of receipt.11 After 
routine clinical measurements, samples were kept at 
4oC before residual serum/CSF was frozen and stored 
at −80oC,11 prior to processing. A set quantity of the ex-
ogenous non-human spike-in cel-miR-39-3p was added 
to serum/CSF prior to RNA extraction and used in an 
initial quality control check to measure RNA extrac-
tion efficiency, as described.11,24 A  multiplexed reverse 
transcription step was then performed followed by a 
multiplexed preamplification step, maximizing assay 
sensitivity,9,11,24 prior to a final singleplexed PCR of the 
diluted preamplification product and then normalization 
to the endogenous stable housekeeping microRNA miR-
30b-5p,11 in order to obtain relative miR-371a-3p levels.

Case Presentations and Results

Case 1

A 9-year-old girl presented to the ophthalmologist with a 
2-year history of worsening vision. She was also noted to 
have longstanding polyuria and polydipsia consistent with 
diabetes insipidus (DI). On examination, uncorrected near 
and distance visual acuity revealed minimal/no vision in 
the right eye and severely affected vision in the left eye. 
Severe bilateral optic atrophy was noted, worse in the 
right eye. MRI head scan revealed a 36 mm diameter lobu-
lated enhancing suprasellar solid mass involving the optic 
chiasm (Figure 1A and B). Initially, the lesion was thought 
to be most consistent with low-grade glioma (LGG) and 
single-agent vinblastine monotherapy was initiated 
without biopsy. The patient’s vision returned within 4 days. 

  
BA

C D

Figure 1. MRI of Case 1 (suprasellar germinoma). (A and B) representative sagittal and coronal views, respectively, at the time of presentation. 
(C) sagittal view after 2 doses of weekly vinblastine showing dramatic tumor response and (D) sagittal view after completion of vinblastine mono-
therapy and prior to definitive radiotherapy showing further tumor response.
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Neuro-oncology multidisciplinary team (MDT) discussion 
raised the possibility of a malignant GCT (germinoma) 
or LGG and complete work-up and staging were recom-
mended. Tumor markers (serum and CSF AFP and HCG) 
and CSF cytology, performed after 2 doses of weekly vin-
blastine had been delivered, were negative. Remaining 
CSF from the procedure and leftover serum were also 
stored for microRNA quantification. Repeat MRI at this 
time, with spinal imaging, performed 22 days after the first 
scan, revealed a substantial decrease in size and enhance-
ment of the suprasellar mass, which was now 21 x 19 mm 
in axial diameter (Figure 1C) compared with 36 x 28 mm 
originally. No new lesions were demonstrated, and spinal 
MRI was normal. A  neurosurgical biopsy was discussed 
but given the dramatic clinical and radiological response 
after just 2 doses of vinblastine, it was determined that bi-
opsy would be challenging and moreover unlikely to be di-
agnostic. Quantification of miR-371a-3p levels at this time 
showed a value of 1.00 in the serum but an elevated level 
of 596 in the CSF (Figure 2), consistent with CSF levels ob-
served in proven intracranial malignant GCTs.11 Initiation of 
carboPEI chemotherapy (carboplatin/etoposide alternating 
with etoposide/ifosfamide), standard pre-radiotherapy 
chemotherapy treatment for germinoma,4 was discussed 
with the patient’s family. However, due to the remark-
able early response obtained, and for religious reasons, 
they wished to avoid the additional side effects, particu-
larly relating to bone marrow suppression, expected with 
standard carboplatin-based therapy, but rather to continue 
vinblastine, which has good CNS penetration and is well 
tolerated.25–27 Weekly vinblastine monotherapy was there-
fore continued and further re-assessment scan showed 
continued response with a further decrease in size and en-
hancement of the suprasellar lesion (Figure 1D), prior to 
definitive radiotherapy. In total, 12 doses of vinblastine 
were delivered across 3  months. Given full staging was 
not performed prior to the commencement of chemo-
therapy, it was determined that craniospinal irradiation 
(CSI) would be the most appropriate treatment. The initial 
plan was to deliver 24 Gy CSI followed by a 16 Gy boost, 
in keeping with current European practice.4 However, the 
patient’s family was concerned about long-term sequelae 
from this dose. Since the MRI scan after single-agent vin-
blastine showed excellent response, it was determined 
that the North American practice of 21 Gy CSI followed 
by 9 Gy boost would likely be sufficient to ensure a high 
cure rate.28–30 The patient proceeded to radiotherapy and 
remains well in follow-up, with panhypopituitarism, as ex-
pected, 48 months from initial presentation and diagnosis. 
The patient remains on regular MRI surveillance, with 
scans since the end of treatment showing a stable, non-
enhancing residual suprasellar mass measuring 14  mm 
× 12  mm diameter on axial imaging, of no prognostic 
significance.4

Case 2

A 15-year-old boy presented to the pediatric endocri-
nology team with a 4-year history of polydipsia and 

polyuria characteristic of DI. In addition, over the previous 
year he had developed short stature which on investiga-
tion revealed low growth hormone levels. He also had ev-
idence of delayed puberty; bone age on wrist X-ray was 
delayed by 4–5 years. MRI of the pituitary gland demon-
strated a thickened (5  mm maximum transverse diam-
eter), enhancing pituitary region/infundibulum (Figure 3A). 
The high signal (“bright spot”) from the posterior pitu-
itary lobe was noted to be absent. The report stated that 
Langerhans cell histiocytosis (LCH) or a malignant GCT 
(germinoma) was the most likely diagnosis, a view con-
firmed at the subsequent neuro-oncology MDT meeting. 
Full staging work-up was performed for both these con-
ditions, which was negative. In particular, MRI head and 
spine showed no other lesions, and serum and CSF AFP 
and HCG and CSF cytology were negative. Remaining CSF 
from the lumbar puncture and leftover serum was stored 
for microRNA quantification. In summary, following com-
prehensive work-up, there was no diagnostic evidence of 
either active LCH or germinoma. Neurosurgical biopsy of 
the pituitary thickening was discussed at the MDT, but at 
5 mm diameter, it was determined that biopsy would likely 
have low diagnostic yield and further pituitary damage 
was likely. Consequently, the patient entered an MRI sur-
veillance schedule, initial 6-monthly, with the patient and 
his family aware that if there was a persistent increase in 
the size of the lesion, a further work-up would be required. 
Surveillance MRIs 1 and 2 years later revealed that the pi-
tuitary stalk was 7 mm and 10 mm in diameter, respectively 
(Figure  3A). On sagittal views, the lesion had increased 
from 8 mm (craniocaudally) × 5 mm (anterior–posterior) di-
ameter initially through 10 mm × 7 mm at 1 year to 17 mm 
× 10  mm at 2  years (Figure  3B). In view of this, further 
marker (AFP/HCG) and CSF cytology examinations were 
performed, which were negative. A biopsy was therefore 
undertaken which revealed a prominent lymphocytic in-
filtrate, within which was a clear population of large cells 
with large nuclei and prominent nucleoli, with positive 
co-staining for membranous PLAP and CD117 (KIT) and nu-
clear POU5F1 (OCT3/4), consistent with germinoma. The 
patient was consented onto the European SIOP-CNS-GCT-II 
trial and a further MRI was performed prior to initiation of 
carboPEI chemotherapy. This showed a 20 mm × 14 mm 
heterogeneously enhancing solid and cystic suprasellar 
tumor but no other changes. The patient started treat-
ment 28 months following the initial hospital presentation. 
Following chemotherapy, the pituitary lesion had reduced 
substantially in size to 13 mm × 6 mm diameter. After radio-
therapy (24 Gy focal and whole ventricular irradiation, plus 
16 Gy tumor boost), the pituitary lesion could no longer 
be visualized on MRI. The patient remains well 54 months 
from the initial presentation and 20 months following the 
completion of treatment. MRI scans remain clear and the 
patient, now 20 years old, continues with oncological and 
endocrine follow-up. Of particular interest, while the serum 
miR-371a-3p level was uninformative, the miR-371a-3p 
level performed on the available CSF sample when the pa-
tient first presented at 15 years of age was elevated, at a 
relative level of 1062 (Figure 2), consistent with CSF levels 
observed in proven intracranial malignant GCTs.11
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Case 3

A 12-year-old girl was being followed for a 6-year history 
of DI and growth hormone deficiency. She had under-
gone serial MRI scans over a number of years which had 
shown stable mild thickening (3 mm AP diameter) of the 

pituitary stalk, and routine MRIs had therefore been dis-
continued, and a presumptive diagnosis of LCH made. 
New symptoms (hearing loss and ear discharge) resulted 
in a further MRI being performed which showed that the 
pituitary stalk had increased to 5 mm diameter over the 
3-year period since the previous scan (Figure 3C) but nil 
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Figure 2. Relative miR-371a-3p levels in cerebrospinal fluid (CSF) and serum from the cases. (A) CSF and (B) serum miR-371a-3p levels in Cases 
1–4, compared with 4 previously published cases.11 The published cases comprised 2 positive controls (intracranial suprasellar malignant GCT 
cases, MGCT_IC#3 and MGCT_IC#2) and 2 negative controls (a suprasellar low-grade glioma case, B-non-GCT_IC#1, and a patient with intracrani-
ally disseminated high-risk neuroblastoma).11 N/A, not available. Error bars represent standard error of the mean.
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else of note. Full work-up for active LCH and germinoma, 
as previously described, was negative and remaining CSF 
and leftover serum were stored for microRNA quantifi-
cation. Serum and CSF miR-371a-3p levels were normal 
at 0.01 and 0.099, respectively (Figure 2), consistent with 
levels observed in control patients.11 Serial MRI over the 
following years revealed no change in the enhancing pi-
tuitary stalk thickening, which remained stable at 5 mm 
diameter (Figure  3C). Consistent with the presumptive 
diagnosis of LCH, the patient subsequently developed 
other LCH-associated changes on MRI, with abnormal in-
tensity in the dentate nuclei bilaterally and adjacent cer-
ebellar white matter, but remained otherwise clinically 
well and therefore did not require treatment. The patient 
is now 53  months following re-presentation, remains 
well, and continues with endocrinology follow-up and 
annual MRI scans.

Case 4

An 8-year-old girl presented with symptoms of raised 
intracranial pressure and DI. MRI scan showed an 
enhancing suprasellar mass measuring 33 mm × 29 mm 
(Figure  4A). She underwent a neurosurgical procedure 
which histologically confirmed a mixed malignant non-
germinomatous GCT (NGGCT), containing both YST (con-
sistent with her serum and CSF AFP levels of 198 and 2695 
kU/L, respectively) and germinoma components. Serum 
and CSF HCG were both normal (<2 IU/L). Staging with 
MRI spine and CSF cytology showed localized disease 
only. She underwent treatment according to the guidelines 
following the closure of the European SIOP-CNS-GCT-96 
trial, with 4 courses of intensive PEI chemotherapy (cis-
platin, etoposide, and ifosfamide) followed by focal 54 Gy 
radiotherapy to the pituitary area only.5 MRI imaging at 

  
Presentation + 1 year + 2 yearsA

B

C

17 mm x 10 mm8 mm x 5 mm 10 mm x 7 mm

+ 1 year + 2 yearsPresentation

Figure 3. MRI of Cases 2 and 3 presenting with pituitary thickening and diabetes insipidus. Representative (A) coronal views of Case 2, (B) sagittal 
views of Case 2, and (C) coronal views of Case 3—at first presentation (left panels), 1 year later (central panels), and 2 years later (right panels). 
White arrows indicate the radiological abnormality.
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that stage showed a good response with only a small non-
enhancing 9 mm residual that was not felt to be resectable 
(Figure 4B). At 11 years of age, and 3 years following the 
end of treatment, routine surveillance MRI demonstrated 
an asymptomatic relapse outside the radiotherapy field, 
with nodular enhancing cyst-like lesions posterior and in-
ferior to the corpus callosum and involving the septum 
pellucidum (Figure  4C), measuring 43  mm × 19  mm × 
11  mm. Spinal imaging and CSF cytology were clear. 
Repeat AFP tumor markers were negative (serum 8 kU/L 
and CSF 1 kU/L). Serum and CSF HCG demonstrated very 
slightly raised levels of 4 IU/L and 16 IU/L (reference range 
<2 IU/L), respectively, but below the threshold of 50 IU/L 
to be considered “secreting” on the European trial proto-
cols (SIOP-CNS-GCT-96 and SIOP-CNS-GCT-II) and guide-
lines.5 Remaining CSF and leftover serum were stored 
for microRNA quantification. A  biopsy was performed, 
which confirmed germinoma only, consistent with the very 
mildly elevated HCG levels (due to HCG production from 
syncytiotrophoblast cells within the germinoma2). Serum 
and CSF miR-371a-3p quantification at the time of relapse 
revealed levels of 44 870 and 4.88, respectively (Figure 2), 
consistent with levels observed in patients with proven 
intracranial malignant GCTs.11 The patient underwent 
re-induction chemotherapy with carboplatin/etoposide 
as per the German HIT-REZ protocol followed by consol-
idation with high-dose chemotherapy and autologous 
stem cell rescue, as recommended for NGGCT relapses.31 
Having only had focal radiotherapy for primary treatment, 
CSI was then delivered, adding onto the original focal field. 
The patient remains well, with MRI scans showing no evi-
dence of disease, 51 months from the time of relapse and 
42 months from the end of treatment.

Discussion

The clinical management of GCTs is complex as they are 
heterogeneous with regard to disease site and histological 
subtype(s).1 Furthermore, the limited sensitivity of the cur-
rent serum and CSF markers AFP and HCG restricts their 

clinical utility for the management of malignant GCTs.2 
AFP is typically raised in the YST subtype and HCG in CHC, 
but these markers are usually negative in germinoma/
seminoma and EC subtypes. A universal biomarker of all 
malignant GCTs would offer many benefits2,15–17 and circu-
lating microRNAs are likely to answer this unmet clinical 
need.16

MicroRNAs are short, non-protein-coding RNAs that reg-
ulate the expression of protein-coding genes and thereby 
critical cellular processes.1 Importantly, dysregulated mi-
croRNA expression profiles classify human cancers.32 
Malignant GCTs are universally characterized by high ex-
pression levels of all 8 microRNA members of the miR-
371~373 and miR-302/367 clusters, regardless of patient 
age, tumor site, or histological subtype.1 Importantly, this 
co-ordinate over-expression does not occur in any other 
tumor type or disease state,1 suggesting these microRNAs 
could offer high specificity for malignant GCTs. Here, we 
detail 4 intracranial patient cases with long-term outcome 
data, demonstrating how knowledge of circulating mi-
croRNA results for those with a differential diagnosis in-
cluding intracranial GCT could in future facilitate real-time 
clinical management and highlighting important clinical 
messages.

For Case 1, with the suprasellar mass, DI and visual loss, 
the clinical history and radiological findings were initially 
interpreted as representing an LGG and the patient com-
menced on vinblastine monotherapy.25,26 The dramatic and 
rapid reversal of visual loss within days meant that the 
provisional diagnosis was widened to include a malignant 
GCT (germinoma).33 Re-assessment MRI after 2 vinblas-
tine doses showed such a dramatic response (Figure 1C) 
that the risks of neurosurgical biopsy were felt to outweigh 
any potential benefits, particularly given the expected 
nondiagnostic outcome. Therefore, with normal serum 
and CSF AFP and HCG and negative CSF cytology at that 
stage, the only evidence for an intracranial germinoma 
was the highly elevated CSF miR-371a-3p level at the time 
of this lumbar puncture (Figure  2), which supported the 
clinical decision to give CSI following vinblastine mono-
therapy. Interestingly, although carboPEI, consisting of 
combinations of etoposide, with alternating carboplatin 
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Figure 4. MRI of Case 4 with germinoma relapse of an intracranial malignant non-germinomatous germ cell tumor (NGGCT). Representative 
sagittal views at (A) original diagnosis of the NGGCT, (B) following completion of treatment with chemotherapy and radiotherapy, and (C) at the 
time of relapse with germinoma, with nodular enhancing cyst-like lesions posterior and inferior to the corpus callosum and involving the septum 
pellucidum. White arrows indicate the radiological abnormality.
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and ifosfamide, is the standard European pre-irradiation 
chemotherapy schedule for patients with a localized intra-
cranial germinoma in order to reduce radiotherapy fields,4 
the response to vinblastine monotherapy is particularly 
noteworthy and consistent with early use of carboplatin 
monotherapy to reduce radiotherapy doses.34 Vinblastine 
monotherapy is well tolerated with minimal side effects 
for the treatment of other CNS conditions such as LGG 
and LCH.25–27 Potential use of vinblastine for intracranial 
germinoma, prior to definitive radiotherapy, could be ex-
plored in future studies, particularly as an international 
consensus process confirmed that the current overall aim 
of management for this malignant GCT subtype is to main-
tain excellent overall survival rates while attempting to 
minimize late effects of treatment.33 Avoiding the concom-
itant intravenous hydration and prolonged inpatient ad-
missions associated with current chemotherapy schedules, 
which can exacerbate preexisting DI, would be another 
particularly attractive characteristic of weekly vinblastine, 
typically delivered as an intravenous bolus in an outpatient 
setting.

The clinical conundrum of managing patients with 
pituitary thickening and DI was exemplified by Cases 
2 and 3, where the 2 patients had almost identical clin-
ical and radiological presentations (Figure 3). Diagnostic 
work-up for active LCH and germinoma in such cases is 
challenging and suboptimal. The low sensitivity of cur-
rent diagnostic work-up means that negative results do 
not necessarily exclude such diagnoses. For example, the 
majority of germinomas are AFP/HCG “marker-negative” 
and as they are only metastatic in less than 20% of cases 
(by imaging and/or cytology),4 CSF cytology alone has 
a very low diagnostic yield. Furthermore, the potential 
risks of neurosurgical biopsy for 5  mm pituitary thick-
ening were considered excessive in both cases, due to 
the risks of causing further hormonal disturbance and the 
perceived low diagnostic yield. Consequently, a surveil-
lance imaging program was instituted for both patients. 
The CSF miR-371a-3p results obtained in these patients 
were completely different (Figure 2). Case 2 had a highly 
elevated level and the pituitary thickening progressed for 
2  years before germinoma was confirmed. In contrast, 
Case 3 had a normal level and the pituitary thickening 
remained stable, as expected, on radiological imaging. 
These data suggest that quantifying microRNA levels 
could be used to dichotomize such patients and facilitate 
early detection of intracranial germinoma. An elevated 
CSF level, consistent with those observed in proven in-
tracranial malignant GCTs,11 could be used to re-consider 
early neurosurgical biopsy, whereas a normal level would 
provide reassurance to continue a surveillance program 
and observe for clinical features of active LCH. This is of 
particular clinical relevance, as a prolonged symptom in-
terval (SI) occurs in one-third of intracranial GCT patients 
and is associated with an increased risk of metastatic dis-
ease.35 As metastatic disease requires treatment with CSI 
and is associated with increased treatment burden and 
late effects,35 interventions to reduce SI, such as early mi-
croRNA quantification in cases of pituitary thickening and 
DI, should be explored further.

Case 4, a patient with intracranial NGGCT relapsing 
with germinoma component (Figure  4), serves to 

highlight the importance, just as with AFP/HCG,33 of 
measuring microRNA levels in both the serum and CSF 
compartments. While the CSF miR-371a-3p was only 
4.88, the serum level was substantially elevated at 44 
870, consistent with serum levels observed in another 
patient with an intracranial malignant GCT (Figure  2). 
Such observations are likely to relate to intracranial site, 
tumor proximity to blood vessels, and local blood flow 
and warrant further study. Future biospecimen collection 
therefore needs to include a collection of serum and CSF 
to facilitate such studies.22

Ultimately, assisted by such biospecimen collections, a 
future aim could be for completely noninvasive diagnosis 
of, and prognostication for, intracranial GCTs. Biopsy for 
intracranial GCTs is challenging due to the central, mid-
line nature of the majority of the lesions, which predom-
inantly occur at suprasellar and/or pineal sites, and risk 
of complications include hemorrhage, infection, stroke, 
and death.3 Indeed, a previous case of histologically con-
firmed intracranial suprasellar germinoma we reported 
with elevated CSF miR-371a-3p levels, developed DI 
postoperatively, causing disturbed sodium homeostasis 
and seizures requiring intensive care admission.11 In the 
future, quantification of miR-371a-3p in the serum and 
CSF will facilitate the diagnosis of a malignant GCT and 
exclude other CNS tumors. However, that alone will be 
insufficient for prognostication and treatment risk strat-
ification, as patients with intracranial GCTs need to be 
segregated into those with germinoma and those with 
NGGCT, as the latter needs a more intensive chemo-
therapy and radiation strategy due to their relatively in-
ferior outcomes.5 A specific challenge is that intracranial 
GCTs are often mixed tumors, containing more than one 
histological component. Any strategy for the noninvasive 
diagnosis and prognostication for intracranial malignant 
GCTs therefore needs to be able to accurately identify the 
presence of the most aggressive histological subtype. In 
practice, as thresholds for AFP and HCG levels can be em-
ployed pragmatically for detecting the malignant NGGCT 
components YST and CHC, respectively,5 the main clin-
ical priority is for a second noninvasive microRNA 
panel that could distinguish the typically AFP/HCG 
“marker-negative” malignant GCT subtypes germinoma/
seminoma versus EC. At present, although the majority 
of such biopsied cases show germinoma alone, it is im-
portant to identify the EC subtype as its presence requires 
more intensified NGGCT treatment.5

In summary, we have utilized this case series to demon-
strate the clinical value of circulating (CSF and serum) mi-
croRNA quantification for the management of patients with 
intracranial malignant GCTs. Appropriate biospecimen col-
lection, including serum and CSF, needs to be embedded in 
future clinical trials,22 in order to facilitate progress toward 
noninvasive diagnosis, prognostication, and management 
of these tumors.

Keywords

biomarker | germ cell tumor | microRNA | miR-371a-3p | 
vinblastine



9Murray et al. Circulating miR-371a-3p for intracranial germ cell tumors
N

eu
ro-O

n
colog

y 
A

d
van

ces

Funding

Acknowledgment of research support: The authors 
acknowledge grant funding from the St. Baldrick’s Foundation 
[reference 358099]; the Isaac Newton Trust [reference 15.40f]; 
and Addenbrooke’s Charitable Trust [reference 23/17 B (iv)]. We 
are grateful for support from the Max Williamson Fund and from 
Christiane and Alan Hodson, in memory of their daughter Olivia.

Acknowledgments

We thank the patients and their families for study participa-
tion. We thank the Paediatric Haematology and Oncology 
Research Nurse team (Cambridge University Hospitals NHS 
Foundation Trust, Cambridge, UK) and Mr Jonathan Broomfield 
(Department of Biochemistry, Cambridge University Hospitals 
NHS Foundation Trust, Cambridge, UK) for assistance with 
sample collection and handling.

Conflict of interest statement. None.

Authorship Statement. Study concept: M.J.M., J.C.N., and N.C.; 
data analysis and interpretation: M.J.M., D.W., C.G.S., and N.C.; 
clinical input: M.J.M., T.A., F.H., R.M.W., I.J., J.C., M.R., J.C.N., 
and N.C.; manuscript writing: M.J.M., J.C.N., and N.C.; manu-
script revision and approval: M.J.M., T.A., F.H., R.M.W., I.J., J.C., 
M.R., D.W., C.G.S., J.C.N., and N.C.

References

1. Palmer RD, Murray MJ, Saini HK, et al.; Children’s Cancer and Leukaemia 
Group. Malignant germ cell tumors display common microRNA profiles 
resulting in global changes in expression of messenger RNA targets. 
Cancer Res. 2010;70(7):2911–2923.

2. Murray  MJ, Huddart  RA, Coleman  N. The present and future of 
serum diagnostic tests for testicular germ cell tumours. Nat Rev Urol. 
2016;13(12):715–725.

3. Nicholson  JC, Punt  J, Hale  J, et  al. Neurosurgical management of 
paediatric germ cell tumours of the central nervous system—a multi-
disciplinary team approach for the new millennium. Br J Neurosurg. 
2002;16(2):93–5.

4. Calaminus G, Kortmann R, Worch J, et al. SIOP CNS GCT 96: final re-
port of outcome of a prospective, multinational nonrandomized trial 
for children and adults with intracranial germinoma, comparing 
craniospinal irradiation alone with chemotherapy followed by focal pri-
mary site irradiation for patients with localized disease. Neuro Oncol. 
2013;15(6):788–796.

5. Calaminus G, Frappaz D, Kortmann RD, et al. Outcome of patients with 
intracranial non-germinomatous germ cell tumors-lessons from the 
SIOP-CNS-GCT-96 trial. Neuro Oncol. 2017;19(12):1661–1672.

6. Murray  MJ, Nicholson  JC, Coleman  N. Biology of childhood germ 
cell tumours, focussing on the significance of microRNAs. Andrology. 
2015;3(1):129–139.

7. Murray  MJ, Coleman  N. Testicular cancer: a new generation 
of biomarkers for malignant germ cell tumours. Nat Rev Urol. 
2012;9(6):298–300.

8. Mitchell PS, Parkin RK, Kroh EM, et al. Circulating microRNAs as stable 
blood-based markers for cancer detection. Proc Natl Acad Sci U S A. 
2008;105(30):10513–10518.

9. Murray  MJ, Halsall  DJ, Hook  CE, Williams  DM, Nicholson  JC, 
Coleman N. Identification of microRNAs from the miR-371~373 and miR-
302 clusters as potential serum biomarkers of malignant germ cell tu-
mors. Am J Clin Pathol. 2011;135(1):119–125.

10. Gillis AJ, Rijlaarsdam MA, Eini R, et al. Targeted serum miRNA (TSmiR) 
test for diagnosis and follow-up of (testicular) germ cell cancer patients: 
a proof of principle. Mol Oncol. 2013;7(6):1083–1092.

11. Murray MJ, Bell E, Raby KL, et al. A pipeline to quantify serum and cere-
brospinal fluid microRNAs for diagnosis and detection of relapse in paedi-
atric malignant germ-cell tumours. Br J Cancer. 2016;114(2):151–162.

12. Syring I, Bartels J, Holdenrieder S, Kristiansen G, Müller SC, Ellinger J. 
Circulating serum miRNA (miR-367-3p, miR-371a-3p, miR-372-3p and 
miR-373-3p) as biomarkers in patients with testicular germ cell cancer. J 
Urol. 2015;193(1):331–337.

13. Dieckmann  KP, Radtke  A, Geczi  L, et  al. Serum levels of MicroRNA-
371a-3p (M371 Test) as a new biomarker of testicular germ cell 
tumors: results of a prospective multicentric study. J Clin Oncol. 
2019;37(16):1412–1423.

14. Dieckmann  KP, Radtke  A, Spiekermann  M, et  al. Serum levels of 
MicroRNA miR-371a-3p: a sensitive and specific new biomarker for 
germ cell tumours. Eur Urol. 2017;71(2):213–220.

15. Murray  MJ, Coleman  N. MicroRNA dysregulation in malig-
nant germ cell tumors: more than a biomarker? J Clin Oncol. 
2019;37(16):1432–1435.

16. Murray  MJ, Coleman  N. Can circulating microRNAs solve clin-
ical dilemmas in testicular germ cell malignancy? Nat Rev Urol. 
2019;16(9):505–506.

17. Murray MJ, Turnbull C. Testicular cancer in 2017: sequencing advances 
understanding. Nat Rev Urol. 2018;15(2):79–80.

18. van Agthoven T, Looijenga LHJ. Accurate primary germ cell cancer di-
agnosis using serum based microRNA detection (ampTSmiR test). 
Oncotarget. 2017;8(35):58037–58049.

19. Nappi L, Thi M, Lum A, et al. Developing a highly specific biomarker for 
germ cell malignancies: plasma miR371 expression across the germ cell 
malignancy spectrum. J Clin Oncol. 2019;37(33):3090–3098.

20. Anheuser P, Radtke A, Wülfing C, Kranz J, Belge G, Dieckmann KP. Serum 
levels of MicroRNA371a-3p: a highly sensitive tool for diagnosing and 
staging testicular germ cell tumours: a clinical case series. Urol Int. 
2017;99(1):98–103.

21. van Agthoven T, Eijkenboom WMH, Looijenga LHJ. microRNA-371a-3p 
as informative biomarker for the follow-up of testicular germ cell cancer 
patients. Cell Oncol (Dordr). 2017;40(4):379–388.

22. Rutkowski S, Modena P, Williamson D, et al. Biological material collec-
tion to advance translational research and treatment of children with 
CNS tumours: position paper from the SIOPE Brain Tumour Group. Lancet 
Oncol. 2018;19(8):e419–e428.

23. Bustin SA, Benes V, Garson JA, et al. The MIQE guidelines: minimum in-
formation for publication of quantitative real-time PCR experiments. Clin 
Chem. 2009;55(4):611–622.

24. Bell E, Watson HL, Bailey S, Murray MJ, Coleman N. A robust protocol 
to quantify circulating cancer biomarker microRNAs. Methods Mol Biol. 
2017;1580:265–279. https://www.ncbi.nlm.nih.gov/pubmed/28439839. 
Accessed April 25, 2019.

https://www.ncbi.nlm.nih.gov/pubmed/28439839﻿


 10 Murray et al. Circulating miR-371a-3p for intracranial germ cell tumors

25. Lafay-Cousin  L, Holm  S, Qaddoumi  I, et  al. Weekly vinblastine in pe-
diatric low-grade glioma patients with carboplatin allergic reaction. 
Cancer. 2005;103(12):2636–2642.

26. Lassaletta  A, Scheinemann  K, Zelcer  SM, et  al. Phase II weekly vin-
blastine for chemotherapy-naïve children with progressive low-grade 
glioma: a Canadian Pediatric Brain Tumor Consortium study. J Clin 
Oncol. 2016;34(29):3537–3543.

27. Ng Wing Tin S, Martin-Duverneuil N, Idbaih A, et al.; French LCH Study 
Group. Efficacy of vinblastine in central nervous system Langerhans cell 
histiocytosis: a nationwide retrospective study. Orphanet J Rare Dis. 
2011;6:83. https://www.ncbi.nlm.nih.gov/pubmed/?term=22151964. 
Accessed December 12, 2011.

28. Khatua  S, Dhall  G, O’Neil  S, et  al. Treatment of primary CNS 
germinomatous germ cell tumors with chemotherapy prior to reduced 
dose whole ventricular and local boost irradiation. Pediatr Blood Cancer. 
2010;55(1):42–46.

29. O’Neil S, Ji L, Buranahirun C, et al. Neurocognitive outcomes in pediatric 
and adolescent patients with central nervous system germinoma treated 
with a strategy of chemotherapy followed by reduced-dose and volume 
irradiation. Pediatr Blood Cancer. 2011;57(4):669–673.

30. Yeo  KK, Kayser  K, Margol  AS, et  al. Clinical and neuropsychological 
outcome of pediatric non-midline central nervous system germinoma 
treated with chemotherapy and reduced dose/volume irradiation: the 
Children’s Hospital Los Angeles experience. Pediatr Blood Cancer. 
2019;66(12):e27983.

31. Murray  MJ, Bailey  S, Heinemann  K, et  al. Treatment and out-
comes of UK and German patients with relapsed intracranial germ 
cell tumors following uniform first-line therapy. Int J Cancer. 
2017;141(3):621–635.

32. Lu  J, Getz  G, Miska  EA, et  al. MicroRNA expression profiles classify 
human cancers. Nature. 2005;435(7043):834–838.

33. Murray  MJ, Bartels  U, Nishikawa  R, Fangusaro  J, Matsutani  M, 
Nicholson JC. Consensus on the management of intracranial germ-cell 
tumours. Lancet Oncol. 2015;16(9):e470–e477.

34. Allen  JC, DaRosso  RC, Donahue  B, Nirenberg  A. A phase II trial of 
preirradiation carboplatin in newly diagnosed germinoma of the central 
nervous system. Cancer. 1994;74(3):940–944.

35. Hayden J, Murray MJ, Bartels U, et al. Symptom interval and treatment 
burden for patients with malignant central nervous system germ cell tu-
mours. Arch Dis Child. 2020;105(3):247–252.

https://www.ncbi.nlm.nih.gov/pubmed/?term=22151964﻿

