
Vol.:(0123456789)

Molecular Diagnosis & Therapy (2021) 25:269–271 
https://doi.org/10.1007/s40291-021-00526-6

EDITORIAL

The Road Ahead for Circulating microRNAs in Diagnosis 
and Management of Testicular Germ Cell Tumors

John T. Lafin1 · Matthew J. Murray2,3 · Nicholas Coleman2,4 · A. Lindsay Frazier5 · James F Amatruda6,7,8 · 
Aditya Bagrodia1 

Accepted: 12 April 2021 / Published online: 24 April 2021 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

Testicular germ cell tumors (TGCTs) are the most common 
malignancy among young men, accounting for more average 
life-years lost per cancer death than any other non-pediatric 
malignancy [1]. These tumors can be histologically segre-
gated into seminoma or non-seminomatous GCT (NSGCT). 
Serum tumor markers, including ɑ-fetoprotein, β-human 
chorionic gonadotrophin, and lactate dehydrogenase, form 
a critical basis for diagnosis, staging, and surveillance of 
TGCT. Despite this, these markers have only moderate per-
formance characteristics: combined markers are 60–85% 
sensitive for metastatic NSGCT and less than 50% sensi-
tive for seminoma [2, 3]. These markers also demonstrate 
limited specificity, with elevation possible in the context of 
liver disease and hypogonadism (not uncommon during and 
following TGCT treatment, respectively) or other scenarios 

[4]. Given their utility in the diagnosis and management of 
TGCT, better serum markers are sorely needed.

Serum microRNAs (miRNA, miR-) have emerged as 
a highly sensitive and specific potential addition to the 
markers already used in TGCT management. Circulating 
miR-371a-3p, in particular, has demonstrated excellent per-
formance in the context of testicular disease. In the larg-
est study reported to date, serum miR-371a-3p examined 
immediately prior to orchiectomy yielded 90.1% sensitiv-
ity compared with less than 50% for conventional markers 
[5]. Similar results have been reported from other distinct 
research groups [6, 7]. Despite these encouraging findings, 
further work is necessary prior to widespread clinical use of 
miR-371a-3p as a serum marker of TGCT. Here, we touch 
on three key areas of interest to consider prior to routine 
clinical implementation: interlaboratory heterogeneity, the 
detection of minimal residual disease, and the detection of 
teratoma.

To address the issue of interlaboratory heterogeneity, in 
this issue of Molecular Diagnosis and Therapy, Qiangzhao 
et al. [8] perform a systematic review and meta-analysis of 
the performance of miR-371a-3p in the detection of TGCT. 
Six studies were identified, totalling 1835 eligible subjects, 
in the pre-orchiectomy setting. Heterogeneity analysis of the 
included reports revealed that location of the study was a 
significant driver of heterogeneity. This suggests that the test 
may perform slightly differently in various laboratory set-
tings and cements the utility of a meta-analysis of multiple 
studies from different locations to assess overall assay per-
formance. The authors report a pooled 90% sensitivity, 93% 
specificity, and an area under the receiver operating charac-
teristic (ROC) curve of 0.94 for circulating miR-371a-3p. 
This meta-analysis indicates that the performance of serum 
miR-371a-3p in detecting TGCT pre-orchiectomy remains 
impressive, despite some interlaboratory heterogeneity.

A second area in which further work is most needed is in 
the context of minimal residual or occult disease. Currently, 
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up to 50% of men with clinical stage I nonseminomatous 
disease and normal serum markers post-orchiectomy will 
harbor occult disease [9]. The improved sensitivity of serum 
miR-371a-3p could help to identify these patients, who 
would otherwise be overlooked. Leão et al. [6] reported that 
circulating miRNAs could detect the presence of retroperi-
toneal viable GCT elements following chemotherapy, with 
100% sensitivity and 54% specificity to lesions ≥3 cm in 
diameter. Circulating miR-371a-3p alone performed equiva-
lently to a panel of miR-371a-3p and three other previously 
identified miRNAs.

Identification of residual disease is particularly difficult 
in the chemotherapy-naïve setting, as mass size at computed 
tomography scan is unrelated to the presence of viable GCT 
[10]. We therefore set out to investigate whether the miRNA 
test was useful for the detection of retroperitoneal viable 
GCT prior to chemotherapy [7]. In a small cohort of patients 
negative for conventional markers, we found that circulat-
ing miR-371a-3p was 100% sensitive and 92% specific for 
any viable GCT at retroperitoneal lymph node dissection 
(RPLND). We were able to detect nonseminomatous lesions 
< 0.5 cm in diameter, supporting the highly sensitive nature 
of the test. Therefore, serum miR-371a-3p appears to be par-
ticularly useful for the detection of retroperitoneal disease 
both before and after chemotherapy.

Despite these encouraging results, both studies held 
a critical limitation: they examined serum miR-371a-3p 
immediately prior to RPLND. An essential question there-
fore remaining is one of timing. The half-life of serum miR-
371a-3p is less than 12 h [11]. This is very favorable given 
the half-lives of conventional markers are much longer, such 
as ɑ-fetoprotein at 5–7 days [4]. This suggests that testing 
for circulating miRNAs in the days following orchiectomy 
could permit a very early identification of microscopic (i.e., 
non-radiologically detectable) residual masses and patients 
at risk for relapse. However, a recent study by Lobo et al. 
[12] found no association between post-orchiectomy serum 
miR-371a-3p levels and risk of relapse. At relapse, serum 
miR-371a-3p levels were high, as reported previously. This 
suggests that there exists some as yet unknown optimal win-
dow of time between orchiectomy and RPLND to test for 
miR-371a-3p or that the assay requires further optimization 
regarding sensitivity in this specific setting. Future studies 
should seek to address both these issues.

Another area in which improvement is needed is in the 
detection of teratoma. The presence of post-pubertal tera-
toma in retroperitoneal lymph nodes requires surgical resec-
tion, as teratoma is insensitive to chemotherapy and has the 
potential for malignant transformation [13]. Neither conven-
tional markers nor miR-371a-3p are sensitive for detection 
of the presence of teratoma. Therefore, it is challenging to 
differentiate between the presence of teratoma and benign 
processes when retroperitoneal lymph nodes are enlarged 

on imaging and conventional markers are all negative. 
Reports of high levels of miR-375 in teratoma tissue led 
to a hypothesis that circulating miR-375 may be a reliable 
teratoma marker [14]. A recent study from Nappi et al. [15] 
investigating the use of plasma miR-375 in combination with 
miR-371a-3p reported optimistic results, with an area under 
the ROC curve of 0.95 and 0.77 in the discovery and valida-
tion sets, respectively. However, several studies examining 
miR-375 alone in the context of teratoma have found no util-
ity [7, 16, 17]. Our group confirmed these results and also 
found no serum miRNAs predictive for teratoma by small 
RNA sequencing [18]. Further work is clearly necessary to 
better characterize circulating markers of teratoma.

Circulating miRNAs are poised to change the way that 
TGCT is diagnosed, monitored, and treated. Despite their 
encouraging performance to date, enough questions remain 
to advise caution prior to routine clinical implementation. 
The issues of timing of the post-orchiectomy measurement 
to detect residual disease, as well as maximization of assay 
sensitivity in this setting of microscopic residual disease, 
have not yet been resolved, and reports on the ability of 
circulating miRNAs to detect teratoma are conflicting. An 
additional consideration is that, to date, there is no evidence 
that circulating miRNAs can be used to predict non-teratoma 
histologic subtypes. For this reason, it may be valuable to 
include circulating miRNA testing alongside current con-
ventional tumor marker quantification, which can provide 
some insight into TGCT histology. Moreover, although 
miR-371a-3p clearly appears to be the ‘frontrunner’ from 
the wider panel of four miRNAs previously identified in the 
context of TGCTs [19], it is not yet known whether this will 
be the most sensitive miRNA for GCTs that arise at other 
anatomic sites (e.g., ovarian or intracranial ). Finally, the 
biological underpinnings of overexpression of these miR-
NAs are not well understood. Ongoing research, including 
related clinical trials such as AGCT1531 (NCT03067181) 
and SWOG1823 (NCT04435756), will help to fill these gaps 
in knowledge and usher the use of circulating miRNA into 
the clinic.

Declarations 

Funding This work was supported by a St. Baldrick’s Consortium 
Award under grant 358099 (A.L.F, M.J.M, N.C, and J.F.A.), grant 
RP170152 from the Cancer Prevention and Research Institute of Texas 
(A.B. and J.F.A.), A Rally Foundation Award (M.J.M., J.F.A., A.L.F.), 
the Malignant Germ Cell International Consortium (A.B., M.J.M., 
A.L.F., J.F.A.), and Dedman Family Scholarship in Clinical Care (A.B).

Conflicts of interest John T Lafin, Matthew J Murray, Nicholas Cole-
man, A. Lindsay Frazier, James F Amatruda, and Aditya Bagrodia 
have no conflicts of interest that are directly relevant to the content of 
this article.



271Circulating miRNAs in Germ Cell Tumor

Availability of data Not applicable.

Ethics approval Not applicable.

Consent Not applicable.

Code availability Not applicable.

Authors’ contributions All authors contributed materially to the crea-
tion and editing of this manuscript.

References

 1. Howlander N, Noone AM, Krapcho M, Miller D, Brest A, Yu M 
et al. SEER Cancer Statistics Review, 1975-2017, National Cancer 
Institute. Bethesda, MD, https:// seer. cancer. gov/ csr/ 1975_ 2017/, 
based on November 2019 SEER data submission, posted to the 
SEER web site, April 2020.

 2. Barlow LJ, Badalato GM, McKiernan JM. Serum tumor mark-
ers in the evaluation of male germ cell tumors. Nat Rev Urol. 
2010;7(11):610–7. https:// doi. org/ 10. 1038/ nrurol. 2010. 166.

 3. Dieckmann KP, Simonsen-Richter H, Kulejewski M, Anheuser P, 
Zecha H, Isbarn H, et al. Serum tumour markers in testicular germ 
cell tumours: frequencies of elevated levels and extents of marker 
elevation are significantly associated with clinical parameters and 
with response to treatment. Biomed Res Int. 2019;2019:5030349. 
https:// doi. org/ 10. 1155/ 2019/ 50303 49.

 4. Gilligan TD, Seidenfeld J, Basch EM, Einhorn LH, Fancher T, 
Smith DC, et al. American Society of Clinical Oncology Clinical 
Practice Guideline on uses of serum tumor markers in adult males 
with germ cell tumors. J Clin Oncol. 2010;28(20):3388–404. 
https:// doi. org/ 10. 1200/ jco. 2009. 26. 4481.

 5. Dieckmann KP, Radtke A, Geczi L, Matthies C, Anheuser P, Eck-
ardt U, et al. Serum levels of microRNA-371a-3p (M371 Test) as 
a new biomarker of testicular germ cell tumors: results of a pro-
spective multicentric study. J Clin Oncol. 2019;37(16):1412–23. 
https:// doi. org/ 10. 1200/ jco. 18. 01480.

 6. Leão R, van Agthoven T, Figueiredo A, Jewett MAS, Fadaak K, 
Sweet J, et al. Serum miRNA predicts viable disease after chemo-
therapy in patients with testicular nonseminoma germ cell tumor. 
J Urol. 2018;200(1):126–35. https:// doi. org/ 10. 1016/j. juro. 2018. 
02. 068.

 7. Lafin JT, Singla N, Woldu SL, Lotan Y, Lewis CM, Majmudar K, 
et al. Serum microRNA-371a-3p levels predict viable germ cell 
tumor in chemotherapy-naïve patients undergoing retroperitoneal 
lymph node dissection. Eur Urol. 2020;77(2):290–2. https:// doi. 
org/ 10. 1016/j. eururo. 2019. 10. 005.

 8. Qiangzhao L, Qiong L, Haidi LV, Zhang X, Zhou F. The diag-
nostic accuracy of miR-371a-3p for testicular germ cell tumors: 
a systematic review and meta-analysis. Mol Diagn Therapy (in 
press).

 9. Singla N, Lafin JT, Bagrodia A. MicroRNAs: turning the tide in 
testicular cancer. Eur Urol. 2019;76(5):541–2. https:// doi. org/ 10. 
1016/j. eururo. 2019. 06. 010.

 10. Steyerberg EW, Keizer HJ, Sleijfer DT, Fossâ SD, Bajorin DF, 
Gerl A, et al. Retroperitoneal metastases in testicular cancer: role 
of CT measurements of residual masses in decision making for 
resection after chemotherapy. Radiology. 2000;215(2):437–44. 
https:// doi. org/ 10. 1148/ radio logy. 215.2. r00ma 02437.

 11. Radtke A, Hennig F, Ikogho R, Hammel J, Anheuser P, Wülfing 
C, et al. The Novel biomarker of germ cell tumours, micro-RNA-
371a-3p, has a very rapid decay in patients with clinical stage 1. 
Urol Int. 2018;100(4):470–5. https:// doi. org/ 10. 1159/ 00048 8771.

 12. Lobo J, Leão R, Gillis AJM, van den Berg A, Anson-Cartwright 
L, Atenafu EG, et al. Utility of serum miR-371a-3p in predicting 
relapse on surveillance in patients with clinical stage I testicular 
germ cell cancer. Eur Urol Oncol. 2020. https:// doi. org/ 10. 1016/j. 
euo. 2020. 11. 004.

 13. Motzer RJ, Amsterdam A, Prieto V, Sheinfeld J, Murty VV, 
Mazumdar M, et al. Teratoma with malignant transformation: 
diverse malignant histologies arising in men with germ cell 
tumors. J Urol. 1998;159(1):133–8. https:// doi. org/ 10. 1016/ 
s0022- 5347(01) 64035-7.

 14. Shen H, Shih J, Hollern DP, Wang L, Bowlby R, Tickoo SK, 
et al. Integrated molecular characterization of testicular germ 
cell tumors. Cell Rep. 2018;23(11):3392–406. https:// doi. org/ 10. 
1016/j. celrep. 2018. 05. 039.

 15. Nappi L, Thi M, Adra N, Hamilton RJ, Leao R, Lavoie JM, et al. 
Integrated expression of circulating miR375 and miR371 to 
identify teratoma and active germ cell malignancy components 
in malignant germ cell tumors. Eur Urol. 2021;79(1):16–9. https:// 
doi. org/ 10. 1016/j. eururo. 2020. 10. 024.

 16. Belge G, Grobelny F, Matthies C, Radtke A, Dieckmann KP. 
Serum level of microRNA-375-3p is not a reliable biomarker 
of teratoma. Vivo. 2020;34(1):163–8. https:// doi. org/ 10. 21873/ 
invivo. 11757.

 17. Lobo J, Gillis AJM, van den Berg A, Dorssers LCJ, Belge G, 
Dieckmann K-P, et al. Identification and validation model for 
informative liquid biopsy-based microrna biomarkers: insights 
from germ cell tumor in vitro, in vivo and patient-derived data. 
Cells. 2019;8(12):1637. https:// doi. org/ 10. 3390/ cells 81216 37.

 18. Lafin JT, Kenigsberg AP, Meng X, Abe D, Savelyeva A, Singla 
N, et al. Serum small RNA sequencing and miR-375 assay do not 
identify the presence of pure teratoma at postchemotherapy retrop-
eritoneal lymph node dissection. Eur Urol Open Sci. 2021;26:83–
7. https:// doi. org/ 10. 1016/j. euros. 2021. 02. 003.

 19. Gillis AJ, Rijlaarsdam MA, Eini R, Dorssers LC, Biermann K, 
Murray MJ, et al. Targeted serum miRNA (TSmiR) test for diag-
nosis and follow-up of (testicular) germ cell cancer patients: a 
proof of principle. Mol Oncol. 2013;7(6):1083–92. https:// doi. 
org/ 10. 1016/j. molonc. 2013. 08. 002.

https://seer.cancer.gov/csr/1975_2017/
https://doi.org/10.1038/nrurol.2010.166
https://doi.org/10.1155/2019/5030349
https://doi.org/10.1200/jco.2009.26.4481
https://doi.org/10.1200/jco.18.01480
https://doi.org/10.1016/j.juro.2018.02.068
https://doi.org/10.1016/j.juro.2018.02.068
https://doi.org/10.1016/j.eururo.2019.10.005
https://doi.org/10.1016/j.eururo.2019.10.005
https://doi.org/10.1016/j.eururo.2019.06.010
https://doi.org/10.1016/j.eururo.2019.06.010
https://doi.org/10.1148/radiology.215.2.r00ma02437
https://doi.org/10.1159/000488771
https://doi.org/10.1016/j.euo.2020.11.004
https://doi.org/10.1016/j.euo.2020.11.004
https://doi.org/10.1016/s0022-5347(01)64035-7
https://doi.org/10.1016/s0022-5347(01)64035-7
https://doi.org/10.1016/j.celrep.2018.05.039
https://doi.org/10.1016/j.celrep.2018.05.039
https://doi.org/10.1016/j.eururo.2020.10.024
https://doi.org/10.1016/j.eururo.2020.10.024
https://doi.org/10.21873/invivo.11757
https://doi.org/10.21873/invivo.11757
https://doi.org/10.3390/cells8121637
https://doi.org/10.1016/j.euros.2021.02.003
https://doi.org/10.1016/j.molonc.2013.08.002
https://doi.org/10.1016/j.molonc.2013.08.002

	The Road Ahead for Circulating microRNAs in Diagnosis and Management of Testicular Germ Cell Tumors
	References




