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Abstract
Introduction: DICER1 is a member of RNase III family that has 
a pivotal role in the biogenesis of microRNAs, being impor-
tant for normal development. Dysregulation of DICER1 has 
been described in different human tumours; however, there 
is insufficient data on the risk of thyroid cancer in the pres-
ence of germline DICER1 variants, particularly when focus-
ing on the background of papillary thyroid carcinoma (PTC). 
For this purpose, we ascertained the presence of DICER1 
variants in 502 (PTC) cases available from The Cancer Ge-
nome Atlas (TCGA) research network in a well-characterized 
pathological context. Material and Methods: in this study 
we analyzed 502 samples from 502 patients, described as 
PTC in the TCGA database. Tumour diagnoses were re-eval-
uated by 2 pathologists (S.C. and M.S.-S.) on slides available 

from the database, and clinicopathological and demograph-
ic data was examined. Data concerning germline and spo-
radic DICER1 gene variants as well as frequent mutations in 
the genes involved in thyroid carcinogenesis (e.g., RAS and 
BRAF V600E) was retrieved from the database. Results and 
Discussion: We report 1 new germline possibly pathogenic 
variant, besides 15 others already been identified in ClinVar. 
We found that the DICER1-positive PTC group more fre-
quently includes PTC variants, namely the oncocytic, follicu-
lar, and aggressive (hobnail variant of PTC) variants. A previ-
ous association of DICER1 had been demonstrated, mainly 
with the follicular variant of PTC and follicular thyroid carci-
nomas. Tumours harbouring germline DICER1 mutations 
were more frequently “bilateral” and “encapsulated.” The 
frequent association of DICER1 germline variants with other 
mutations associated with thyroid cancer can reflect an hap-
loinsufficiency tumour suppressor gene function of DICER1, 
as suggested from the study of animal models.

© 2020 European Thyroid Association
Published by S. Karger AG, Basel
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Introduction

Thyroid cancer is the most common of all endocrine 
malignancies. Despite the advances in its genetic charac-
terization, many authors now accept that about 30% of 
thyroid cancer cases are in a genetic “dark zone” due to 
the lack of well-established driver mutations [1, 2]. Papil-
lary thyroid carcinoma (PTC), the most common type 
(i.e., 90% of all thyroid malignancies) probably contrib-
utes to most such tumours in this “dark zone” [3]. 

Approximately 90% of thyroid cancers occur sporadi-
cally, but 3–9% are defined as familial non-medullary 
thyroid cancer (FNMTC). Less than 5% of FNMTC is 
seen in syndromic forms associated with well-defined 
driver germline alterations. This rare type of FNMTC in-
cludes Cowden syndrome, familial adenomatous polypo-
sis, Gardner syndrome, Carney complex type 1, Werner 
syndrome, and DICER1 syndrome. The remaining 95% 
of FNMTCs represent a less-defined genetic suscepti
bility group, designated as “non-syndromic.” Of these, 
DICER1 (previously known as “MNG1 [14q32]) repre-
sents a group of rare diseases, seen in patients that are 
either “syndromic,” with a predominance of non-thyroi-
dal tumours, or “non-syndromic” in which thyroid can-
cer is the main component [4, 5]. Some “syndromic” pa-
tients present with thyroid disease before the aggressive 
high-grade malignant tumour occurs in other organs 
(non-thyroidal tumours). This phase may be called the 
“pre-syndromic/indecisive” period (online suppl. Fig. 1; 
see www.karger.com/doi/10.1159/000509183 for all on-
line suppl. material).

DICER1 is a member of the RNAse III family that plays 
a key role in the biogenesis involved in the processing of 
small non-coding RNAs (microRNAs), potentially affect-
ing gene regulation at the post-transcriptional level. Since 
the first report in 2001 [6], increasing attention has been 
paid to DICER1 involvement in cancer, particularly he-
reditary syndromic forms. The verification that DICER1 
germline variations result in a distinctive phenotype was 
reported by Hill et al. [7] in a case involving pleuropul-
monary blastoma (PPB); subsequently, Slade et al. [8] de-
tected DICER1 germline mutations in 19/823 unrelated 
patients with a broad range of tumours (http://www.
ppbregistry.org/pdf/Doc_D.pdf). Based on the presence 
of a variety of childhood tumours (pleuropulmonary 
blastoma, cystic nephroma, Sertoli-Leydig cell tumours, 
embryonal rhabdomyosarcoma, etc.), the authors pro-
posed the term “DICER1 pleiotropic tumour predisposi-
tion syndrome” for this entity [7, 8]. However, none of 
the pioneer studies highlighted the presence of thyroid 

lesions in this setting. Later, Rio Frio et al. [9] identified 
5 different heterozygous mutations in the DICER1 gene 
in 5 families showing autosomal dominant MNG, with or 
without Sertoli-Leydig cell tumours. Their results extend-
ed the tumour spectrum beyond the lung, kidney, and 
other well-described childhood tumours, and encour-
aged interest in thyroid lesions. 

DICER1 mutations (germline and/or somatic) have 
been described in thyroid tumours, mostly in multinod
ular goitre (MNG), follicular adenoma (FA), and follicu-
lar thyroid carcinoma (FTC) [2]. However, the role of 
DICER1 variants in PTC and the clinicopathological im-
plications are largely unexplored. 

To assess the contribution of DICER1 variants in thy-
roid cancer predisposition, particularly in PTC, we ana-
lyzed the prevalence of germline/somatic variants in the 
largest PTC case series available in The Cancer Genome 
Atlas (TCGA), the most comprehensive multiplatform 
data portal. 

Materials and Methods

TCGA is a collaboration between the National Cancer Insti-
tute (NCI) and the National Human Genome Research Institute 
(NHGRI). It assembles genomic and transcriptomic data of the 
largest tumour collection (https:// cancergenome.nih.gov/) of 
PTCs. Histological slides and clinicopathological information 
were retrieved from the medical records of each of the 502 patients, 
and genetic information (about thyroid cancer) was obtained from 
the TCGA data portal (access licence: project No. 6494). 

Germline Variant Classification
The TCGA data was filtered for the detection of DICER1 germ-

line variants by a 2-step filtering process.
First, exome-aligned sequence data from non-tumour samples 

(mostly from the blood, and, when not available, from thyroid 
samples) in the BAM file format, aligned to the GRCh37 human 
reference genome, and the accompanying meta-data were down-
loaded from the genomic data common website. Reads spanning 
the DICER1 gene were obtained by means of SAMtools [10] and 
variant calling with the GATK HaplotypeCaller v3.4 tool, follow-
ing current best practice [11]. Only variants with a mean depth  
> 15 were considered in this analysis and used in the second filter-
ing step. A total of 215 variants, all with an rs number, were found 
in the DICER1 gene; 123 appeared in the 1st filtering step (L.P. and 
J.C.F.), and the other 92 required further analysis in the 2nd filter-
ing step (R.B.). Seven germline variants (7/123) were identified in 
the 1st step and 9 (9/92) in the 2nd step. In total, from TCGA, we 
found 16 germline variants in 18 cases that could potentially have 
a functional impact. Based on this premise, synonymous and in-
tronic variants were excluded, and the remaining alterations (14 
missense and 2 small deletions) with an overall minimum allele 
frequency (MAF) < 0.02 (compiled from the former ExAC data-
base excluding TCGA data, and now aggregated on the gnomAD 
database; https://gnomad.broadinstitute.org/) were selected for 
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further study. The selected variants were also documented by at 
least 2 predictive deleteriousness scoring methods (PolyPhen-2, 
SIFT, MutationTaster) and the NIH-based database, ClinVar (Ta-
ble 1A).

As the result of the 2 filtering steps, 16 variants were found to 
match the criteria described above; these are referred to as “pos-
sibly pathogenic” in our analysis.

Somatic mutations of the DICER1 gene were downloaded from 
TCGA website and correspond with those reported in a previous 
paper by TCGA Consortium on thyroid carcinoma (Table 1B) [1]. 

Since PTC is a MAPK-driven cancer, the BRAF V600E and RAS 
gene (N-RAS, H-RAS, and K-RAS) mutations were also filtered 
from TCGA data for the entire dataset, in addition to other muta-
tions with a lower prevalence which are clustered in the group 
“other alterations” (e.g., rare somatic mutations, gene rearrange-
ments, or fusion genes). 

Group Definition
For further analysis, only filtered DICER1 germline variants 

were considered. The 2 main groups were defined “DICER1 posi-
tive” (n = 18) and “DICER1 negative” (n = 472). The DICER1 pos-
itive group comprised cases that presented germline variants that 
passed our previous filtering (explained above in detail). The re-
maining cases were included in the “DICER1 negative group.” 

Thirty-eight papers were included in our review of the litera-
ture (online suppl. Table 1). The cases reporting family history, 
DICER1 germline variants, and at least one associated tumour pre-
viously reported in DICER1 syndrome were classified as “syn-
dromic.” Carriers or non-carriers with thyroid disease only (with 
no evidence of multiple tumours) were classified as “non-syn-
dromic.”

Evaluation of Clinicopathological Baseline Characteristics
The digital slides from 502 tissue samples available from TCGA 

database were re-evaluated by 2 pathologists (S.C. and M.S.-S.) and 
reclassified based on the WHO criteria when they were considered 
representative [12]. Twelve cases were excluded from the study 
due to a lack of representative material and for not matching the 
PTC diagnostic criteria. 

Clinicopathological variables were retrieved from TCGA data-
base when available. The detailed pathological characteristics were 
searched and recorded from 490 patients’ pathology reports as 
provided by TCGA registry. Fifteen variables (13 clinicopatholog-
ical and 2 demographic) were included in the study: age, gender, 
lobe, diagnosis/variant classification, tumour size, extrathyroidal 
extension (ETE) minimal and gross, angiolymphatic invasion 
(ALI), capsule invasion (CI), laterality (L), lymph node metastasis 
(LNM), focality (F), distant metastasis (DM), and residual tumour. 
The term “non-variant” is reserved for classic PTC only, and any 
variants other than classic PTC were grouped under the term 
“variant.”

Statistical Analysis
Statistical analysis was done using the SPSS statistical software 

v20.0 (Chicago, IL, USA). Qualitative variables are shown as per-
centages. To assess significant differences in the DICER1 positive 
and DICER1 negative groups with regard to pathological, clinical, 
and genetic variables, we used two-way contingency tables and the 
χ2 or Fisher’s exact test when appropriate. We considered p < 0.05 
to be statistically significant.

Results

After histological revision, the 490 thyroid cases evalu-
ated were: 162 (33%) classic variant (CV-PTC), 156 (31%) 
oncocytic variant (OV-PTC), 131 (26%) follicular variant 
(FV-PTC), 13 (3%) hobnail variant (HV-PTC), 12 (2%) 
Warthin-like (WL-PTC), 7 (1.4%) tall-cell variant (TCV-
PTC), 5 (1%) columnar-cell variant (CCV-PTC), and 4 
(0.8%) other very rare variants of PTC. In total, 157 germ-
line variants in DICER1 were filtered from TCGA data, 
and after the 2 steps of filtering (Material and Methods), 
16 germline variants in 18 cases remained for subsequent 
study (Table 1A). Fourteen germline variants were mis-
sense (leading to an amino acid change) and 2 were small 
deletions. Of the 16 variants, 7 were described as benign, 
2 as likely benign, 3 as possibly damaging, and 4 had no 
classification by predictive scoring methods (PolyPhen-2, 
SIFT, and MutationTaster; Table 1A). Fifteen variants 
had already been described in the variant classifier NIH-
based database ClinVar (Table 1A), 6 as benign/likely, 1 
as benign, and the remaining 8 as being of uncertain sig-
nificance. Besides these 15, we reported 1 new germline 
alteration, c.2512T>G (p. Leu838Val), that is possibly as-
sociated with disease (Table 1A).

One variant was recurrently found in 3 cases. We eval-
uated the probability of the biological impact of these 
variants by predictive scoring methods (PolyPhen-2, 
SIFT, and MutationTaster; Table 1A). Five cases, 3 with 
the same recurrent variant, c.2951A>C (p. Asn984Thr), 
presented variants that were classified as possibly damag-
ing. The relevant clinicopathological, genetic, and demo-
graphic data on cases showing this recurrent variant are 
summarized in Table 2. This recurrent variant, c.2951A>C 
(p. Asn984Thr), had been submitted to ClinVar with 3 
conditions; 2 were reported as hereditary nonpolyposis 
colon cancer (Lynch syndrome). The other 2 variants 
classified as possibly damaging were detected in a female 
with unilateral disease (64 years of age and harbouring a 
nodule 13 mm in size) and a male with bilateral disease 
(44 years of age and harbouring a nodule 21 mm in size) 
and encapsulation and capsular invasion were evident. 
The only bilateral case was reported with lymph node me-
tastasis. None of the germline variants were associated 
with DICER1 somatic mutations in this group. Three so-
matic DICER1 mutations were detected in 3 other cases 
previously described in the literature [2]; there were no 
germline variants associated with these somatic DICER1 
mutations (Table 1B). 

The oncocytic phenotype or oncocytic features (OV-
PTC and HV-PTC) were observed in 9 cases (43%; 9/21) 
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of all DICER1 groups including germline and somatic 
variants. Seven cases were in the group with germline 
alterations (39%; 7/18) and 2 were in the group with 
DICER1 somatic mutations (67%; 2/3; Table 1).

Additional genetic events were available for 410 cases 
in the dataset. All the cases with either germline (n = 18) 
or somatic (n = 3) DICER1 alterations harboured addi-
tional mutations (100%; 21/21). Thirteen cases (72%; 
13/18) in the germline group and 2 (67%; 2/3) in the so-
matic group were found in genes that commonly mutate 
in thyroid cancer (BRAF, RAS, EIF1AX, and TP53) (Table 
1). This was in contrast with the DICER1 negative cases 
where additional mutations were found in 83% (389/469) 
of the cases. 

Among the 13 clinicopathological variables studied, 
data on laterality (bilaterality vs. unilaterality) was avail-
able for 484 cases, and bilateral tumours were significant-
ly more frequent in the DICER1 positive group than in 
the DICER1 negative group (53% [9/17] vs. 15% [72/467], 
p < 0.01). For 288 cases, “presence of capsule” (encapsula-

tion vs. lack of capsule) data was available, and encapsu-
lated tumours were significantly more frequent in the 
DICER1 positive group (92.8% [13/14], vs. 36% [100/274], 
p < 0.02) (Table 3).

Data on angiolymphatic invasion (present or absent) 
was available for 383 cases, and 111 were reported as 
having angiolymphatic invasion. There was data on 
only 2 tumours in the DICER 1 positive group, and both 
had angiolymphatic invasion; the remaining 109 cases 
were from the DICER1 negative group (100% [2/2] vs. 
28.6% [109/381], p < 0.08). Although there was limited 
available information for the DICER1 positive group 
(only 2 cases), there was a slight tendency towards sig-
nificance. 

The clinicopathological and genetic profiles collected 
for DICER1 (germline) positive group were also analyzed 
in the 3 cases of DICER1 somatic mutation and are sum-
marized in Table 4. Of these 3 cases, 2 were reported as 
unilateral and unifocal. 

Table 2. Clinicopathological and genetic profile of the recurrent variant c.2951A>C (p. Asn984Thr)

TCGA-BJ-A0ZJ TCGA-DO-A1K0 TCGA-EM-A1CU

Age, years 36 30 31
Gender male female male
Size, mm 45 42 65
Laterality bilateral bilateral bilateral
Focality multifocal multifocal multifocal
Variant type FV-PTC classic PTC classic PTC
Presence of capsule Yes Yes Yes
Capsule invasion Yes Yes Yes
Lymph node metastasis 1/8 9/14 1/20
Extranodal involvement No Yes No
Angiolymphatic invasion Yes n.a. n.a.
Minimal extrathyroidal extension No Yes No
Additional genetic events other BRAF BRAF

PTC, papillary thyroid carcinoma; FV, follicular variant; n.a., not available.

Pathological characteristics DICER1 positive DICER1 negative p value

Presence of capsule
No 1 100 0.02
Partially/Yes 13 174

Laterality
Unilateral 8 393 <0.01
Bilateral 9 72

Table 3. Results based on pathological, ge-
netic, and clinical analysis in DICER1 pos-
itive and DICER1 negative groups
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Discussion

Our review of the literature showed that, despite the 
variety of clinical presentations in the DICER1 “syn-
dromic” and “non-syndromic” groups, the most com-
mon disease is thyroid neoplasm, which led some authors 
to endorse the thyroid manifestation as a clinical marker 
of these 2 groups (online suppl. Table 1) [13, 14].

In a previous study, Kim et al. [15] analyzed the preva-
lence of DICER1 pathogenic variations in population da-
tabases, excluding TCGA cases, and showed that 95% of 
the children with a DICER1 pathogenic variant do not 
develop any malignancy or tumour by the age of 10 years. 
This data suggests that germline pathogenic DICER1 
variants may be more common than the rare manifesta-
tion in a syndromic fashion. In our review, we identified 
a total of 172 thyroid tumours associated with DICER1; 
40% of the cases were syndromic (70/172) and 60% were 
non-syndromic (102/172) (online suppl. Table 1). In 
these 172 cases, the risk of malignancy was found to be 
67% (47/70) and 75% (77/102) in the syndromic and non-
syndromic groups, respectively.

In Kim et al. [15], 147 unique missense variants were 
found. Except for the p. Lys1671Asn, p. Val1260Ile, and 
p. Leu838Val mutations, all 15 variants that we found 
were also reported in their study.

In our study, to investigate the role of DICER 1 muta-
tions/variants in PTC, we had the advantage of having 
access to data from a large series of PTC (TCGA database 

encompassing 502 PTC) that included digital histological 
slides and clinicopathological data. We confirmed the 
presence of the 3 DICER1 somatic mutations (2 OV-PTC 
and 1 FV-PTC) previously reported in TCGA database 
(Table 1B) [2]. One is associated with N-RAS, one with 
TP53, and the remaining case with an additional and rare 
somatic mutation. Subsequent analysis showed no addi-
tional germline DICER1 mutation in these 3 cases. Two 
were unilateral and unifocal, and there was no presence 
of capsule data in 2 of them (Table 4).

Using the 2 filtering steps described in Material and 
Methods, 16 DICER1 germline variants were found in 18 
cases of PTC in our study. These variants present a fre-
quency, in human DNA databases, that rules out the def-
inition of common polymorphism. For these reasons, we 
decided to call them “possibly pathogenic” and selected 
them for further analysis.

Histologically, DICER1-related thyroid lesions are 
known to be either benign or low-risk malignancies 
(mainly MNG, FA, and minimally invasive FTC) [2]. In 
more recent studies, a greater frequency of FV-PTC has 
been reported (online suppl. Table 1). In our series, we 
noted a high prevalence of tumours with oncocytic fea-
tures in the DICER1 positive cases that was not docu-
mented previously (Table 1). Poiana et al. [16] reported a 
cystic PTC with oxyphilia with SLCT, and Pinto et al. [17] 
a FA with oncocytic morphology. The alterations pub-
lished in the latest WHO publication could be the basis of 
this discrepancy, since these OV-PTCs were placed in the 
category FV-PTC without including the presence of on-
cocytic morphology [18]. If we merge OV-PTC cases 
(6/18) with FV-PTC cases (5/18), the most common PTC 
variant in the DICER1 positive group would be FV-PTC 
(11/18).

Interestingly, and similarly to what was observed in 
the cases with somatic mutation, all the DICER1 germline 
variants found were concomitant with additional thyroid 
cancer canonical mutations, and with no loss of the sec-
ond allele (Table 1). Thus, as demonstrated previously in 
mouse models, the role of DICER1 in tumorigenesis does 
not match the classic definition of either a tumour sup-
pressor gene or an oncogene [19, 20]. While the loss of a 
single allele of DICER1 promotes tumorigenesis, the loss 
of both alleles has an inhibitory effect [20]. There is an-
other hypothesis that can explain the mechanism behind 
the role of DICER1 (online suppl. Fig. 2). Apparently, ≥1 
additional genetic events (in other genes) are required to 
promote tumorigenesis [20]. To the best of our knowl-
edge, we describe here for the first time the association of 
well-known thyroid cancer mutations (RAS/RAF path-

Table 4. Clinicopathological and genetic profile of the cases with 
DICER1 somatic mutations

TCGA-
EM-A2CT

TCGA-
EL-A3D5

TCGA-
EL-A3GO

Age, years 20 44 31
Gender female female female
Size, mm 11 60 32
Laterality unilateral n.a. unilateral
Focality unifocal multifocal unifocal
Variant type OV-PTC OV-PTC FV-PTC
Presence of capsule partially n.a. n.a.
Capsule invasion No n.a. n.a.
Lymph node metastasis 0/5 15/30 0/4
Extranodal involvement No Yes No
Angiolymphatic invasion n.a. No n.a.
Minimal ETE No Yes No
Additional genetic events NRAS TP53 other

PTC, papillary thyroid carcinoma; FV, follicular variant; OV 
oncocytic variant; ETE, extrathyroidal extension; n.a., not available.
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way) and DICER1 germline alterations, thereby reinforc-
ing the role of tumour haploinsufficiency of DICER1. The 
bi-allelic loss of DICER 1 should be explored as a thera-
peutic target, given the evidence that homozygotic loss 
leads to cell death [19, 20].

Our data shows that the presence of DICER1 germline 
alterations did not correlate with age and gender, but 
rather with the features tumour bilaterality and presence 
of capsule. Many studies have stated that despite the like-
ly high penetrance of benign thyroid nodules in DICER1 
syndrome, only a small percentage will progress to thy-
roid carcinoma. However, in a nicely designed study, 
Khan et al. [13] demonstrated a 16- to 18-fold increased 
risk of thyroid cancer by the age of 40 years in a very large, 
family-based cohort of individuals with DICER1 syn-
drome. 

Despite the female predominance in the background 
of DICER1 in the literature (online suppl. Table 1), our 
study and that of Pinto et al. [17] did not find any asso-
ciation with gender. 

Bilaterality is a well-known feature associated with 
FNMTC, and our results suggest that presence of capsule 
can also be an indicator of the DICER1 familial origin of 
these tumours (unpublish. pers. obs.), but the available 
information is scarce and restrains further interpretation. 
Regardless of the population type, i.e., either syndromic 
or non-syndromic, it is reported that bilaterality is one of 
the predictive factors for central lymph node metastasis 
in PTC which is a risk factor for disease recurrence [21, 
22]. These results, together with previous reports, 
strengthen the current argument for active surveillance of 
patients with DICER1 manifestation [8, 13, 14]. 

Our study has limitations. First is the absence of famil-
ial information in the cases with germline DICER1 vari-
ants. Second, variant filtering encompasses the inevitable 
risk of losing important information (pathogenic vari-
ants) that did not pass initial filters, and prediction algo-
rithms show limitations regarding the protein function 
impairment of the analyzed variants. Finally, details were 
missing and/or not updated in the pathological and clin-
ical characteristics of the available data.

Nonetheless, multi-faceted documentation of DICER1 
is only now beginning to emerge. Our data presented here 
is an approach to DICER1 alterations in apparently spo-
radic PTC and raises some “opening” questions that 
might lead to future studies: (1) the phenotype of thyroid 
malignancy in the background of DICER1 carriers, (2) the  
frequency of additional genetic events in DICER1 carriers 
who have thyroid malignancy, (3) the histopathological 
profile of thyroid malignancies in syndromic, non-syn-

dromic, and/or presyndromic/indecisive forms and the 
clinical importance of screening and treating in those 
groups, and (4) the prevalence of non-invasive follicular 
thyroid neoplasm with papillary-like nuclear features 
(NIFTP) or other encapsulated thyroid tumours in this 
context, as endorsed in 2 separate chapter by the 4th edi-
tion of the WHO endocrine blue book [12]. As we evalu-
ated TCGA cases based on single H&E digital slides, we 
could not address the meaning of such encapsulated 
lesions using any of the established criteria. Although 
NIFTP was not considered in previous studies, most of 
the PTCs previously published related to DICER1 were 
classified as encapsulated FV-PTC or FV-PTC. Taking all 
this together, at least some of the aforementioned DICER1 
PTCs may correspond with NIFTP or “other encapsu-
lated thyroid tumours.” 

We report 1 new germline variant, c.2512T>G  
(p. Leu838Val), as possibly pathogenic besides 15 others 
which had already been defined in ClinVar (Table 1A). 
The data also shows the association of conventional ge-
netic mutations along with DICER1 variants which un-
derlines the tumour haploinsufficiency role of DICER1. 
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