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Abstract

Pathogenic germline DICER1 variants cause a hereditary cancer predisposition syndrome with a 

variety of manifestations. In addition to conferring increased cancer risks for pleuropulmonary 

blastoma (PPB) and ovarian sex cord-stromal tumors, particularly Sertoli–Leydig cell tumor, 

individuals with pathogenic germline DICER1 variants may also develop lung cysts, cystic 

nephroma, renal sarcoma and Wilms tumor, nodular hyperplasia of the thyroid, nasal 

chondromesenchymal hamartoma, ciliary body medulloepithelioma, genitourinary embryonal 

rhabdomyosarcoma and brain tumors including pineoblastoma and pituitary blastoma.

In May 2016, the International PPB Registry convened the inaugural International DICER1 
Symposium to develop consensus testing, surveillance and treatment recommendations. Attendees 

from North America, Europe and Russia provided expert representation from the disciplines of 

pediatric oncology, endocrinology, genetics, genetic counseling, radiology, pediatric surgery, 

pathology and clinical research. Recommendations are provided for genetic testing, prenatal 

management, and surveillance for DICER1-associated pulmonary, renal, gynecologic, thyroid, 

ophthalmologic, otolaryngologic, central nervous system tumors and gastrointestinal polyps. Risk 

for most DICER1-associated neoplasms is highest in early childhood and decreases in adulthood. 

Individual and caregiver education and judicious imaging-based surveillance are the primary 

recommended approaches. These testing and surveillance recommendations reflect a consensus of 

expert opinion and current literature. As DICER1 research expands, guidelines for screening and 

treatment will continue to be updated.
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Introduction

Pleuropulmonary blastoma (PPB) (OMIM 601200) is the most common primary lung 

malignancy in children.(1) This rare, dysembryonic lung neoplasm of childhood was first 

recognized in 1988.(1) PPB is analogous to other embryonal tumors such as Wilms tumor, 

hepatoblastoma and neuroblastoma in which the neoplastic process has a morphologic 

resemblance to the developmental stages in organogenesis.(2, 3) PPB is primarily diagnosed 

in infants and young children, mainly before 7 years of age.(4) There is compelling 

clinicopathologic evidence that PPB progresses through successive stages from a purely 
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multicystic lesion (Type I) to a mixed cystic-solid stage (Type II) and solid stage (Type III).

(5, 6) The malignant component of PPB derives from lung mesenchyme. In Type I tumors, 

the malignant component is limited to cyst septa and is most often composed of primitive 

rhabdomyoblasts. As progression ensues, the tumor cells acquire high grade and often 

anaplastic features with a variety of patterns from primitive blastemal, embryonal 

rhabdomyosarcoma to malignant cartilage and/or spindle cell sarcoma.(7) A fourth type of 

PPB, Type Ir “regressed”, does not possess the primitive cell component of malignant PPB 

and can be found in individuals of all ages.(4) We hypothesize that these so-called regressed 

(or non-progressed) PPBs are analogous to some cases of congenital neuroblastoma or 

nephrogenic rests.

In 1988, building on the original description of 11 cases as a new entity,(3) the International 

PPB Registry was established to collect and centrally review the pathology from patients 

with putative PPB, and to collect clinical records and annual follow-up data for these 

patients. The International PPB Registry is a partnership between Children’s Minnesota, 

Minneapolis, MN, Washington University School of Medicine, St. Louis, MO, and 

Children’s National Medical Center, Washington, DC. In 1996, data from the International 

PPB Registry led to the initial observation of the association between PPB and other 

neoplasms in patients with PPB and their close relatives.(2) In 2009, the Registry identified 

pathogenic germline DICER1 variants as the genetic basis of PPB.(8) Over time, the 

constellation of DICER-associated benign and malignant neoplasms has expanded to include 

Sertoli-Leydig cell tumor (SLCT) of the ovary, cystic nephroma (CN), renal sarcoma and 

Wilms tumor (WT), nodular hyperplasia and carcinoma of the thyroid gland, nasal 

chondromesenchymal hamartoma (NCMH), embryonal rhabdomyosarcoma (ERMS), ciliary 

body medulloepithelioma (CBME), pituitary blastoma and pineoblastoma.(8–31) In 2011, a 

second registry, the International Ovarian and Testicular Stromal Tumor (OTST) Registry, 

was established to enroll individuals with rare ovarian and testicular sex cord-stromal tumors 

with an initial focus on the relationship between DICER1 and sex cord-stromal tumors. To 

date, the International PPB Registry and the OTST Registry have enrolled more than 500 

and 160 individuals, respectively.

In this paper, we review the biology of DICER1, associated cancer risks and other clinical 

manifestations. Approaches to the diagnosis of DICER1-associated conditions and risk 

management recommendations for patients and family members with germline pathogenic 

variants in DICER1 are presented.

Methodology

Data from the International PPB and OTST Registries were collated to generate a dataset of 

682 individuals from 652 families with pathogenic germline variants in DICER1 or clinical 

history of DICER1-associated conditions. Although not all patients in the registries had 

germline DICER1 status available for review, the majority of individuals with PPB have 

germline mutations, and nearly all individuals with DICER1-associated conditions enrolled 

in the registries were individuals with PPB or ascertained on the basis of a first or second 

degree relative with PPB. Informed consent was previously obtained. Protocols were 
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reviewed and approved by the relevant human subjects committees. Age at diagnosis was 

determined for all participants and reviewed in aggregate.

The International PPB Registry staff continuously performs literature searches and reviews 

pertaining to keywords, “PPB”, “pulmonary blastoma”, “pulmonary rhabdomyosarcoma”, 

“DICER1”, and other “DICER1-associated conditions” and through May 2017 had 

identified a total of 608 articles and abstracts which were reviewed and relevant information 

abstracted. In addition, a May 2017 PubMed literature search using “DICER1” paired with 

each of the following keywords: “PPB”, “Sertoli-Leydig cell tumor”, “gynandroblastoma”, 

“juvenile hamartomatous polyp”, “cystic nephroma”, “multinodular goiter”, “thyroid 

adenoma”, “thyroid carcinoma”, “ciliary body medulloepithelioma”, “botryoid-type 

embryonal rhabdomyosarcoma”, “nasal chondromesenchymal hamartoma”, “renal 

sarcoma”, “pituitary blastoma”, and “pineoblastoma” identified a total of 248 articles, 159 of 

which were examined and relevant information abstracted (Supplementary Table 1). All 

papers identified had their bibliographies searched manually to recognize further citations of 

interest and identify individuals with clinical characteristics not encompassed by Registry 

data (Figure 1). Data from these papers was aggregated and reviewed to broadly assess 

general age and symptoms at clinical presentation and clinical course for each tumor type.

In May 2016, International PPB Registry data was presented at the inaugural International 

DICER1 Symposium and reviewed by participants. Participants included pediatric 

oncologists, geneticists and genetic counselors, endocrinologists, radiologists, pediatric 

surgeons, pathologists and clinical researchers from the U.S., Canada, Germany, France and 

Russia. Based on ensuing evidence-based discussions and expert opinion, consensus 

guidelines were developed as described below. Following the meeting, an additional 

systematic review of the available literature was carried out using PubMed to ensure no 

relevant articles were omitted, and revised consensus guidelines were circulated to ensure 

harmonization.

Genotyping

Over 70% of individuals with PPB have a germline loss-of-function mutation with a second, 

tumor specific missense mutation in the RNase IIIb domain. Most germline loss-of-function 

mutations are inherited, but 10–20% appear to arise de novo. Intronic mutations, which 

disrupt splicing, and large deletions have also been described.(32, 33, 34)

The tumor-specific RNase IIIb missense mutations involve one of 5 “hotspot” codons, 

E1705, D1709, G1809, D1810 or E1813. Missense mutations at one of these hotspots 

prevent the proper cleavage of the mature 5p microRNA (miRNA) of the precursor miRNA 

hairpin.(35) It is proposed that improper cleavage of the 5p miRNA leads to rapid 

degradation. Lack of mature 5p miRNAs, including the let-7 family, leaves numerous target 

messenger RNAs (mRNAs) unregulated. Although most children with PPB have a germline 

loss-of-function mutation and a second tumor specific “hotspot” mutation, approximately 

10% exhibit mosaicism. Individuals with mosaic “hotspot” mutations in the RNase IIIb 

domain may have tumor specific loss-of-function mutations and have earlier onset disease 

and a higher frequency of multisite disease.(33, 35) We have postulated this severely 
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affected phenotype may simply result from probabilities of generating the characteristic 

“loss-of-function plus hotspot” two hit typical of a DICER1 syndrome neoplasm. Consider 

the two scenarios: a child with germline loss-of-function DICER1 mutations vs. a child with 

mosaicism for a missense mutation in one of the 5 hotspot amino acids. In both of these 

scenarios, a second mutation in the wild-type DICER1 allele must occur, in the appropriate 

developmental or physiologic time window, to initiate a DICER1 neoplasm. In the first 

child, this second somatic mutation must be a base substitution in one of the 36 potential 

bases in the RNase IIIb domain, a seemingly small target in the genome. In the second child, 

the second somatic mutation only needs to be a loss-of-function which may be hundreds of 

times more likely (chromosome loss, gene deletion, truncating mutations, etc).(33) An 

alternate possibility is that the allele combination of “hotspot plus wildtype” may be 

tumorigenic on its own.(36, 37) Regardless of the reason, initial observations of phenotype 

in individuals with mosaicism for “hotspot” mutations may warrant more intensive 
surveillance than discussed in this guideline.

About 10–15% of individuals with DICER1 tumors appear to have biallelic mutations 

limited to tumor tissue, or low-level mosaicism for loss-of-function mutations. To date, all 

the children with suspected tumor limited mutations have had single site disease(33) and it is 

reasonable to consider that these children may not need intensive surveillance. But without 

extensive sequencing of multiple tissue types and sites, it can be difficult to differentiate a 

child with tumor-limited DICER1 mutations from one with low-level mosaicism for a loss-

of-function mutation. Thus it is not yet clear if there should be reductions in surveillance for 

this genetically unique subgroup at this time. At a minimum, individuals with presumed 

biallelic somatic mutations should be aware of the risk for low-level mosaicism and 

individuals and their health care providers should be aware of the need to seek care 

expeditiously if signs or symptoms of DICER1-related conditions develop.

Tumor-based or somatic testing for DICER1 mutations may be useful in a variety of clinical 

settings including diagnosing tumors which are challenging histologically, confirmation of 

biallelic somatic mutations, assessment for mosaicism and determining whether new 

findings represents a metastatic/recurrent or metachronous tumor.

Prevalence, inheritance, penetrance and expressivity

DICER1 is inherited as an autosomal dominant condition with decreased penetrance. 

Therefore, the children of individuals with a DICER1 pathogenic variant have a 50%, 

chance of inheriting the mutation. An analysis of the prevalence of pathogenic germline 

DICER1 variation in the Exome Aggregation Consortium (excluding cases ascertained from 

The Cancer Genome Atlas) found that approximately 1:2,529 – 1:10,600 individuals in the 

general population carry a pathogenic or likely pathogenic DICER1 variant.(38) The 

penetrance of each of the DICER1-associated conditions is not fully understood. Lung cysts, 

presumably Type I or Type Ir PPB, and thyroid nodules appear to be the most common 

manifestations in individuals with germline loss-of-function mutations. When available, the 

penetrance of specific conditions is discussed within the sections below (e.g., thyroid). The 

penetrance of Type II and Type III PPB and less common conditions, such as pineoblastoma, 

are the subject of ongoing investigation. While individuals with a germline loss-of-function 
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mutation often have between 0 and 2 sites of disease, as discussed above, individuals with 

mosaic “hotspot” mutations are more likely to have more than a single site manifestation.

Indications for DICER1 genetic counseling and testing

We recommend genetic counseling and testing for individuals with a personal history of at 

least one major or two minor indications for testing (Table 1) and/or for individuals with one 

minor indication and a family history of a major or minor indication. Ideally, genetic testing 

should be performed on a proband with a DICER1-associated tumor when available. In 

cases where proband testing is not feasible, testing should be considered for those with a 

family history of DICER1-associated conditions so that appropriate surveillance can be 

undertaken. Pre-test and post-test genetic counseling is advised to ensure that patients, 

and/or their family as in the case of minor children, are fully informed and prepared for any 

subsequent decisions. Ethical considerations, especially for presymptomatic testing of a 

minor child, should be discussed and factored into the decision process, as some individuals 

may choose, and have the right to choose, not to know their/their child’s genetic status. 

Individuals at 50% risk of a germline pathogenic variant based on family history who do not 

pursue genetic testing should follow surveillance guidelines as if they have a DICER1 
mutation unless/until genetic testing confirms that they did not inherit the familial mutation. 

Genetic counseling may also help identify the most appropriate test to order on the most 

appropriate individual(s) in the family and/or help with interpretation, especially with 

variants of uncertain significance.

For individuals with pathogenic germline DICER1 variants, we recommend additional site-

specific genetic testing of that variant for all first-degree relatives. Testing should be 

prioritized in children less than 7 years of age, who are at the greatest risk for any one of the 

pathologic types of PPB. Second and third degree relatives may also benefit from testing, 

especially if they have young children.

Recommendations for testing must also consider the role of DICER1 in individual tumor 

types. For example, although Wilms tumor may be DICER1-associated, current studies 

suggest that only 1–5% of Wilms tumor is DICER1-associated in contrast to PPB in which 

pathogenic germline DICER1 variants underlie more than 70% of cases.(33) However, since 

genetic testing is shifting from single gene to panel testing, it may be appropriate to add 

DICER1 gene testing if a child with Wilms tumor or another DICER1-related tumor is being 

tested for other genes.

Testing algorithm

If no mutation is detected via DICER1 sequencing in a germline specimen (e.g., blood, 

saliva or skin fibroblasts), germline DICER1 deletion/duplication analyses should be 

performed, as some cases are due to copy-number variants. Some labs offer sequencing and 

deletion/duplication testing simultaneously. Whenever possible, tumor tissue should be 

tested concurrently with germline DNA. The presence of two somatic mutations in tumor 

tissue in the setting of negative germline testing may then help confirm a non-inherited case. 

The possibility of mosaicism may be considered with testing of other normal tissue, tumor 
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tissue, or future children, if feasible. If the individual has two or more DICER1 neoplasms, 

sequencing both neoplasms may identify the recurrent variant and classify the individual 

with subsequent risk assessment based on whether or not the mosaicism is for loss-of-

function or a hotspot mutation (increased surveillance for the latter). There is probably a 

pragmatic limit to how many tissue types should be tested to rule out mosaicism in a child 

with single site disease. Opportunistic sequencing of non-neoplastic tissue taken at related or 

unrelated surgeries (such as testing of adjacent normal ovary when salpino-oophorectomy is 

performed for sex-cord stromal tumor) may be informative. Testing of relatives is not 

generally indicated for individuals with biallelic somatic mutations in the absence of 

detectable pathogenic germline DICER1 variants, however, it should be noted that gonadal 

mosaicism may result in risk to offspring and therefore consideration could be given to 

offering children of individuals with possible mosaicism site specific testing in the rare event 

that their germline is involved.

Timing of testing

If testing is initiated due to a known familial DICER1 pathogenic variant, we recommend 

prioritization of predictive testing of first-degree relatives. For newborns, testing is 

recommended before 4 months of age so that pulmonary screening can be initiated only in 

at-risk infants (see Prenatal/Management, below). In these cases, testing only for the known 

familial mutation would be indicated.

Prenatal management

We recommend third trimester ultrasound (US) for women whose fetuses are at risk for a 

pathogenic germline DICER1 variant from either the maternal or paternal side to detect large 

lung cysts which might require early intervention after delivery. Prenatal US also has a 

higher sensitivity for cystic lung disease than neonatal chest x-ray. We know of no medical 

indication requiring prenatal DICER1 testing; prenatal US will detect large cysts which only 

rarely will require immediate intervention. Cysts seen on prenatal US require computed 

tomography follow-up even if chest x-ray at birth is normal based on experience in other 

conditions characterized by cystic lung lesions.

Both prenatal and preimplantation genetic counseling are options for determining risk to an 

embryo/fetus, if waiting until after birth is not desired. Parents who are interested in 

exploring these options should be referred to preimplantation/prenatal centers. In discussions 

regarding prenatal testing, a thorough dialogue should include the relatively low penetrance 

of malignant conditions and high likelihood of a healthy child/adult (one without DICER1-

associated conditions or minor findings) even if a DICER1 mutation is inherited. Penetrance 

for serious conditions is considered low. Less common and more serious manifestations of 

DICER1 such as Type III PPB are anticipated to be less likely when screening regimens are 

initiated in early childhood well before the risk period for the development of Type II and III 

PPB.
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Screening recommendations for DICER1-associated conditions by system

Screening recommendations must consider typical age of onset, potential benefits of early 

detection and risks and availability of screening modalities (e.g., radiation exposure, need 

for sedation and likelihood of false positives). Individual and family education is strongly 

recommended (see Table 2). In addition to imaging-based surveillance, individuals and 

families should be counseled at each visit regarding potential signs and symptoms of 

DICER1-associated conditions (Table 2). Individuals should also continue to receive 

appropriate age- and gender-specific preventive screening studies and immunizations.

Lung

The finding of PPB in siblings first led to the recognition of PPB as a familial disease.(2) 

This neoplasm remains one of the pathognomonic manifestations of pathogenic germline 

DICER1 variants and one of the most important causes of DICER1-associated morbidity and 

mortality. The goal of surveillance imaging in DICER1 is to detect PPB in its earliest, cystic 

and most curable form (Type I PPB). The 5-year disease-free survival (DFS) and overall 

survival (OS) for Type I PPB is 82% and 91% respectively.(4) For Type II and Type III the 

5-year DFS are 59% and 37% and the 5-year OS is 71% and 53%.(4)

The highest risk for clinically significant PPB is prior to 7 years of age with the earliest 

PPBs having been seen from 31 weeks gestation.(4) Age of onset for data for all PPB cases 

confirmed by International PPB Registry central pathology review is shown in Table 3. 

There is a lack of consensus on the role of chemotherapy in Type I PPB at this time. 

Chemotherapy and sometimes radiation therapy is required in Types II and III PPB.(4)

Surveillance recommendations: We recommend a chest x-ray (CXR) at birth for all 

children at risk of a pathogenic germline DICER1 variant to screen for any large pulmonary 

cysts. DICER1 molecular testing should be obtained between birth and 3 months of age. In 

children who are found to be carriers of a pathogenic germline DICER1 variant, the first 

chest computed tomography (CT) should be obtained by 9 months of age, preferably 

between 3 and 6 months of age, since the incidence of Type II and III PPB increases after 

one year of age.

Due to the radiation dose and possible need for sedation with cross sectional imaging, CXRs 

are the primary screening modality. In the absence of pulmonary cysts/PPB, most 

individuals with DICER1 mutations detected in early childhood will undergo only 2 chest 

CTs. If the first chest CT is normal with no evidence of cysts, we recommend a follow-up 

low-dose chest CT at approximately 2.5 years of age, prior to the peak incidence of Types II 

and III PPB. In the absence of concerning radiographic findings, a CXR every 6 months 

from birth through 7 years of age and then annually from 8 – 12 years of age is 

recommended. The utility of routine surveillance CXR or CT in adolescence and adulthood 

is unknown and thus not recommended. Currently, CT offers a higher level of sensitivity for 

the detection of cystic lung lesions not achievable with CXR alone. When CT is performed, 

techniques to minimize radiation exposure should be included. As novel magnetic resonance 

imaging (MRI) techniques are developed that will eventually allow detection of small cystic 

lesions, transition to non-radiation containing cross sectional imaging should be considered.
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When a pulmonary cyst is identified in a young child with a pathogenic germline DICER1 
variant or family history of a DICER1-associated condition, it should be assumed to be Type 

I PPB until proven otherwise. Consideration of cyst resection vs. observation should take 

into account the patient’s age, clinical history, resectability, additional findings and evidence 

of growth. Resection of cystic lung lesions in children at highest age related risk of 

progression (especially under 7 years of age) should be considered. If surgery is undertaken, 

an approach to avoid rupture and optimize likelihood of clear margins should be 

emphasized. Consultation should be sought with an experienced pediatric thoracic surgeon, 

oncologist, radiologist and pathologist. We expect that additional studies will also guide 

future decisions regarding resection vs. observation.

Pulmonary cysts are often identified in adults with pathogenic germline DICER1 variants 

and are assumed to be Type Ir PPB. Since the risk for malignancy is low, resection of these 

lesions in adults is not typically undertaken for oncologic indications, but may be considered 

based on size and location due to the potential risk of pneumothorax or superinfection.

Further discussion of the management of pulmonary cysts among individuals including 

adolescents with pathogenic germline DICER1 variants is beyond the scope of this guideline 

but is available through the International PPB Registry’s website (www.PPBregistry.org) or 

in the European Very Rare Tumor Group guidelines (www.raretumors-children.eu).

Kidney

Individuals with a DICER1-associated condition may develop cystic nephroma (CN), 

anaplastic sarcoma of the kidney or Wilms tumor (Fig. 2). A recent analysis showed 2/41 

(5%) Wilms tumors are secondary to pathogenic germline DICER1 variants. Progression 

from CN to renal sarcoma has been described.(16, 39, 40) CN is often treated with resection 

alone via partial nephrectomy; however, early resection may maximize residual renal 

function and is optimal in cases at risk for bilateral disease. Wilms tumor may be treated 

with surgery, usually complete nephrectomy, preceded or followed by chemotherapy with or 

without radiation according to conventional protocols.(41, 42) Early stage disease is 

associated with a lower burden of therapy and a more favorable prognosis, thus early 

diagnosis may improve outcomes and reduce late effects associated with therapy.

Surveillance recommendations: We recommend an abdominal ultrasound (US) in 

infancy at the time of the first chest CT (done for PPB surveillance) and every 6 – 12 months 

until at least 8 years of age. Annual US after age 8 years may be considered until 12 years of 

age. More frequent US could also be considered based on separate data in non-DICER1 
individuals at risk for Wilms tumor in which US at least every 3–4 months has been 

recommended.(43) As above, we expect that additional studies will clarify whether a normal 

US and/or resection of CN in early childhood predicts a lower likelihood of later renal 

malignancy.

Female reproductive tract

Individuals with pathogenic germline DICER1 variants are at increased risk for Sertoli-

Leydig cell tumor (SLCT) and gynandroblastoma. These tumors are commonly associated 
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with hormonal symptoms including virilization or menstrual irregularities in addition to 

abdominal pain or distention. Per the International Federation of Gynecology and Obstetrics 

(FIGO), stage IA/IB (intraovarian tumor localized to one or both ovaries, without capsular 

rupture or positive cytology) disease is typically treated with surgery alone. Higher stage 

disease requires surgery followed by adjuvant therapy, most often platinum-based 

chemotherapy.(44) Cervical embryonal rhabdomyosarcoma (ERMS) presenting as a cervical 

polyp in older children, adolescents and young adults may be discovered in absence of other 

tumors or before, during or after the recognition of SLCT. Other ovarian or genitourinary 

tract tumors including undifferentiated sarcoma(32) have been rarely seen.

The age distribution of risk for SLCT and gynandroblastoma risk is wide, with a range from 

4 – 61 years of age in the OTST Registry’s current series of girls and women with DICER1-
associated ovarian tumors. Most individuals are diagnosed from late childhood through early 

adulthood with a median of 16.9 years; 95% of individuals are diagnosed by 40 years of age. 

Thus far, data shows that individuals with germline DICER1 mutations have a lower risk of 

recurrence of the primary SLCT compared with those with biallelic tumor specific 

mutations, however, individuals with germline mutations may develop synchronous or 

metachronous contralateral tumors (see Table 4). Metachronous tumors must be carefully 

distinguished from recurrent disease when discovered early as FIGO stage IA; the former is 

associated with a favorable prognosis.(45)

Cervical ERMS, typically a botryoid variant, may present with vaginal bleeding, pain or 

mass.

Surveillance recommendations: Patient and parent education regarding symptoms 

(hormonal symptoms including virilization, recurrent abdominal pain, abdominal mass) is 

recommended so that imaging evaluation may be performed urgently if clinically indicated. 

For girls, we recommend pelvic US be performed in conjunction with abdominal US (see 

above) every 6–12 months and that pelvic US continue throughout adulthood. Our current 

recommendation is to consider surveillance imaging until at least 40 years of age by which 

time 95% of SLCTs/gynandroblastomas have been diagnosed, however, the optimal end 

point of imaging remains undetermined; the OTST Registry’s current oldest patient with 

DICER1-related SLCT was diagnosed at 61 years of age. Alternatively, adult women and 

their health care providers may choose a surveillance strategy based on physical 

examination. In that instance, US should be obtained if any clinical findings suggest 

gynecologic tumor. The optimal timing of US and/or pelvic examinations and relative 

sensitivity of these varying surveillance strategies are not yet known.

Thyroid

Epidemiologic analysis of a large cohort of individuals with one or more DICER1-

associated condition (and controls) shows that by 20 years of age, the cumulative incidence 

of multinodular goiter or history of thyroidectomy is 32% in women and 13% in men (vs. 

0% in control women and control men), and there is a 16- to 24-fold increased risk of 

thyroid cancer, compared to the National Cancer Institute’s Surveillance, Epidemiology and 

End Results program, over a patient’s lifetime.(46) Within pediatrics, thyroid cancer was 
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first described in a series of case reports of children who had received chemotherapy for 

DICER1-associated tumors prior to 10 years of age.(13, 47, 48) However, more recent 

reports show that children with DICER1-associated conditions may also develop thyroid 

cancer even in the absence of a history of chemotherapy or radiation.(49) Follicular variant 

of papillary cancer and follicular thyroid cancer are the most common histologies seen in 

individuals with pathogenic germline DICER1 variants. To date, all thyroid tumors 

associated with pathogenic germline DICER1 variants have displayed indolent behavior, 

with disease usually confined to the thyroid gland. Thyroidectomy is often curative; 

however, patients should undergo complete and thorough preoperative evaluation following 

standard guidelines based on the American Thyroid Association pediatric risk levels.(50) In 

contrast to multiple endocrine neoplasia type 2, there is no indication for prophylactic 

thyroidectomy in patients with DICER1-associated conditions secondary to the variable 

expressivity and the typically indolent nature of most thyroid nodules and cancer in this 

group.

Surveillance recommendations: Individuals and families should be counseled 

regarding the increased risk for thyroid nodules and cancer. There are no prospective studies 

on the efficacy or timing of screening thyroid US in individuals with germline DICER1 
pathogenic variants. We recommend a thyroid US at approximately 8 years of age in 

children with DICER1-associated conditions, and then every 2 to 3 years, or as needed for 

worrisome signs or symptoms, including an enlarged thyroid, a thyroid nodule, or persistent 

cervical lymphadenopathy. For individuals receiving chemotherapy or radiation treatment 

for a non-thyroid malignancy (e.g., for PPB, pineoblastoma), a baseline thyroid US should 

be performed at the time of diagnosis, then annually for 5 years after exposure, decreasing to 

every 2 to 3 years if no lesions are found on initial US exams. All thyroid nodules should 

undergo fine needle aspiration with stratification of surgery based on the Bethesda System 

for Reporting Thyroid Cytopathology and the presence or absence of bilateral disease.(51) 

For patients undergoing thyroid surgery based on cytology, complete US assessment of 

lateral neck lymph nodes per standard guidelines must be performed prior to surgery to 

ensure that a lateral neck lymph node dissection is not warranted.(50)

Eye

Individuals with pathogenic germline DICER1 variants are at risk for ciliary body 

medulloepithelioma (CBME),(22, 52) and in an earlier report the PPB Registry noted four 

individuals, age 4, 6, 8 and 9 years, with CBME and pathogenic germline DICER1 variants.

(22) There is an additional patient in the literature with somatic DICER1 variants, diagnosed 

at 18 years of age.(53) Most patients presented with visual symptoms or abnormalities on 

ophthalmologic examination.

Surveillance recommendations: Individuals and families should be counseled 

regarding potential symptoms of strabismus, visual acuity changes or leukocoria. We 

recommend annual routine dilated ophthalmologic exam (generally unsedated) with visual 

acuity screening from 3 years of age through at least 10 years of age. No imaging studies are 

indicated in asymptomatic individuals but care providers should be aware of the risk, albeit 
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low, for ophthalmologic DICER1-associated conditions and the need for fundoscopic 

evaluation and imaging evaluation if clinically indicated.

Head and neck

Individuals with pathogenic germline DICER1 variants are at risk for developing benign 

nasal chondromesenchymal hamartoma (NCMH).(28) Most individuals with NCMH present 

with signs of nasal obstruction. We deem the likelihood and clinical relevance of finding this 

tumor early based on imaging to be low. Thus, at this time, we recommend that individuals, 

caregivers and providers be aware of the potential for NCMH and that otolaryngologic 

evaluation be considered for persistent nasal or sinus symptoms in individuals of any age 

with pathogenic germline DICER1 variants.(54)

Surveillance recommendations: No imaging studies are indicated in asymptomatic 

individuals but care providers should be aware of the risk, albeit low, for NCMH and the 

need for evaluation with endoscopy and potential imaging evaluation if clinically indicated.

Central nervous system

Primary tumors involving the central nervous system (CNS) have also been described among 

individuals with pathogenic germline DICER1 variants. CNS tumors that are currently 

considered syndrome components include pituitary blastomas and pineoblastomas.(4, 11, 12, 

55, 56) Other rare cases of CNS tumors have been reported in PPB kindreds as well as in 

DICER1 germline carriers, including sarcomas and medulloblastomas/infratentorial 

embryonal CNS tumors; larger studies are needed to further confirm these associations 

(Table 5).(10, 11, 27, 57)

Pituitary blastomas have been described in the context of DICER1 syndrome. The largest 

reported series to date described 13 cases, 9 of which were previously published.(12) The 

median age at diagnosis in this series was 9 months (range 7 – 24 months), with the most 

common presenting symptoms including Cushing’s syndrome and/or ophthalmoplegia. 

Elevated adrenocorticotropic hormone (ACTH) levels with hypercortisolism were also 

commonly seen. Eleven of 12 cases with germline or tumor material available for analysis 

demonstrated at least one germline or somatic DICER1 mutation.

Pineoblastomas may also be seen among individuals with pathogenic germline DICER1 
variants. Pineoblastomas may present with obstructive hydrocephalus and symptoms of 

increased intracranial pressure, gaze palsy (“Parinaud syndrome”), or endocrine dysfunction 

(most commonly precocious puberty). After the initial association of pineoblastoma with 

DICER1 mutations was described, in a subsequent series, 3 of 18 individuals without 

previously known genotypes were found to carry pathogenic germline DICER1 variants.(11, 

55) Loss of heterozygosity (LOH) of the wildtype allele was seen among 4 tumors. 

Interestingly, 2 pituitary blastoma cases also involving LOH of the wildtype allele have been 

described, suggesting the possibility of a distinct mechanism of second-hit among these 

intracranial neoplasms.(12, 55)

In one study, 42% of 67 individuals with a pathogenic germline DICER1 variant were 

additionally found to be macrocephalic (occipital head circumference > 2 standard 
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deviation) compared with 12% of 43 family controls.(58) This difference persisted after 

adjusting for differences in height. No microcephaly was observed in the DICER1-

associated conditions cohort. The etiology of the macrocephaly is unknown but is 

hypothesized to be related to dysregulated cellular growth.(59)

Surveillance recommendations: Given the rarity of pituitary blastoma and 

pineoblastoma even within DICER1-associated conditions, the role of surveillance imaging 

by MRI for these tumors among asymptomatic individuals remains controversial. Education 

regarding signs and symptoms of intracranial tumors (including cortisol excess, increased 

intracranial pressure, neurologic changes, vomiting, lethargy etc.) is encouraged, with urgent 

brain MRI suggested for any new presenting symptoms.

Gastrointestinal polyps

Juvenile-type polyps in the duodenum, jejunum and ileum have been described in very 

young children with PPB as well as in family members.(18, 57) Generally these have been 

seen in individuals from birth to 10 years of age. This can result in intestinal obstruction and 

surgery may be required.(18)

Surveillance recommendations: No systematic imaging studies or endoscopy are 

indicated in asymptomatic individuals, but care providers should be aware of the risk, albeit 

low, for intestinal DICER1-associated symptoms and the need for imaging evaluation and/or 

endoscopy if clinically indicated.

Conclusion

As knowledge of DICER1 and its clinical implications increases, facilitating larger studies 

of patients with pathogenic germline DICER1 variants, criteria for genetic testing and/or 

clinical diagnosis will continue to be refined. Similarly, the management guidelines for 

cancer/tumor screening and risk reduction in patients who have pathogenic germline 

DICER1 variants will continue to be updated (Table 2).

Most individuals with pathogenic germline DICER1 variants are healthy, or have only minor 

DICER1-associated conditions. The most severe manifestations of pathogenic germline 

DICER1 variants tend to present in early childhood with adulthood characterized by good 

health. Thyroid nodules are common though often asymptomatic. Thyroid cancer may be 

seen in children and adults, and in general is associated with a similarly good prognosis as 

sporadic non-DICER1-associated differentiated thyroid carcinoma. Ovarian tumors are 

curable with surgery alone when found in their earliest stage although the wide age range of 

risk makes US-based screening cumbersome. Given the overall good prognosis for most 

individuals with pathogenic germline DICER1 variants, the risks and potential benefits of 

lifelong screening must be carefully balanced.

In addition to consideration of imaging surveillance, the authors also wish to stress the 

importance of family and health care provider education regarding the potential for heritable 

risk and potential signs and symptoms or lack thereof. Some of the manifestations described 

above, particularly Types II and III PPB, may evolve quickly and recent normal imaging 
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should not sway health care providers from consideration of tumor risk in the setting of new 

or concerning symptoms.

The proposed screening guidelines are offered based on available information; however, we 

expect that as more individuals are followed from early childhood, additional information 

will allow for revision and optimization of these guidelines. The clinical utility and cost/

benefit analysis of this screening regimen is a subject of ongoing study, and participation in 

collaborative research will likely support or guide the modification of this regimen over 

time. International collaboration is encouraged for all individuals with DICER1 pathogenic 

variants or DICER1-associated conditions to allow further revision of these guidelines and to 

help reduce the morbidity and mortality of individuals with pathogenic variants in DICER1.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
QUORUM diagram for screening evidence review.
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Figure 2. 
Age and incidence of cystic nephroma (blue) and Wilms tumor (red) in individuals known to 

the International PPB Registry.
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Table 1.

Indications for DICER1 testing. Consider germline DICER1 genetic testing in an individual with one major or 

two minor indications.

  Major:   Minor:

−Individuals with PPB (all types) −Lung cyst(s) in adults

−Lung cyst(s) in childhood, especially if multi−septated, multiple or bilateral −Renal cyst(s)*

−Thoracic embryonal rhabdomyosarcoma* −Wilms tumor

−Cystic nephroma −Multinodular goiter or differentiated thyroid 
cancer

−Genitourinary sarcomas including undifferentiated sarcoma* −Embryonal rhabdomyosarcoma other than 

thoracic or gynecologic*

−Ovarian Sertoli−Leydig cell tumor

−Gynandroblastoma −Poorly differentiated neuroendocrine tumor

−Uterine cervical or ovarian embryonal rhabdomyosarcoma*

−Genitourinary/gynecologic neuroendocrine tumors −Undifferentiated sarcoma*

−Macrocephaly*

− Multinodular goiter or thyroid cancer in 2 or more 1st degree relatives or in an index 

patient with a family history consistent with DICER1 syndrome*
−Consider testing for any childhood cancer in 
constellation with any other minor criteria

−Childhood onset multinodular goiter* or differentiated thyroid cancer*

−Ciliary body medulloepithelioma

−Nasal chondromesenchymal hamartoma

−Pineoblastoma

−Pituitary blastoma

*
Multinodular goiter, differentiated thyroid cancer (papillary or follicular carcinomas), sarcomas, Wilms tumor, neuroendocrine tumors, renal cysts 

and macrocephaly may also be associated with other genetic predisposition syndromes. Consider testing for additional hereditary cancer 
predispositions and/or next generation sequencing panel that includes deletion/duplication of DICER1 and/or other genes indicated by clinical and 
family history
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Table 2.

Suggested signs and symptoms and imaging surveillance by system for individuals with DICER1 pathogenic 

variants

System Signs/Symptoms to
consider

Condition of interest Screening, Clinical and
Radiographic

Lung Tachypnea, cough,
fever, and pain;
pneumothorax

- PPB
- Lung cysts
-Pulmonary
 blastoma

CXR at birth and every 4– 6
months until 8 years of age,
every 12 months 8 −12 years of
age; consider a CT of chest at 3

− 6 months of age.*
Toddlers: if initial CT normal:
repeat between 2−1/2 and 3

years of age.*
If mutation detected at > 12
years of age, consider baseline
CXR or chest CT.

Thyroid Visible or palpable
thyroid nodule(s)
Persistent cervical
lymphadenopathy
Hoarseness
Dysphagia
Neck pain
Cough

− Multinodular goiter;
− Differentiated
  thyroid cancer

Baseline thyroid US by 8 years
of age then every 3 years or
with symptoms/findings on
physical exam.
With anticipated
chemotherapy or radiation
therapy: baseline US and then
annually for 5 years,
decreasing to every 2 to 3
years if no nodules are
detected

Female
reproductive
tract

Hirsutism
Virilization
Abdominal
distension, pain or
mass

− SLCT
− Gynandroblastoma
− Cervical embryonal
 rhabdomyosarcoma

For females beginning at 8 –
10 years of age: pelvic and
abdominal US every 6−12
months at least until age 40.
End of interval is
undetermined but current
oldest patient with DICER1−
associated SLCT was 61 years
of age. Education regarding
symptoms strongly
recommended.

Renal Abdominal or flank
mass and/or pain,
hematuria

− Wilms tumor
− Renal sarcoma
− Cystic nephroma

Abdominal US every 6 months
until 8 years of age then every
12 months until 12 years of
age.
If mutation detected at > 12
years of age, consider baseline
abdominal US

Gastrointestinal Signs of intestinal
obstruction

− Small intestine
 polyps

Education regarding
symptoms recommended.

Central nervous
system
And head and
neck (excluding
thyroid)

Headache, emesis,
diplopia, decreased
ability for upward
gaze, altered gait
(pineoblastoma);
Precocious puberty;
Cushing’s syndrome
(pituitary blastoma);
Decreased visual
acuity and leukocoria
(CBME);
Nasal obstruction
(NCMH)

− Macrocephaly
− Pineoblastoma
− Pituitary blastoma
− CBME
− NCMH

Physical exam.
Annual routine dilated
ophthalmologic exam
(generally unsedated) with
visual acuity screening from 3
years of age through at least
10 years of age. Further
testing if clinically indicated.
Recommend urgent MRI for
any symptoms of intracranial
pathology.

Key: PPB = pleuropulmonary blastoma; CXR = chest x−ray; CT = computed tomography; US = ultrasound; SLCT = Sertoli−Leydig cell tumor; 
CBME = ciliary body medulloepithelioma; NCMH = nasal chondromesenchymal hamartoma.

Clin Cancer Res. Author manuscript; available in PMC 2018 November 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schultz et al. Page 22

*
When CT is performed, techniques to minimize radiation exposure should be employed. As novel magnetic resonance imaging (MRI) techniques 

are developed that will eventually allow detection of small cystic lesions, transition to non−radiation containing cross sectional imaging should be 
considered.
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Table 3.

International PPB Registry age range of risk for all centrally confirmed cases of PPB

Type I Type II Type III
Type II/III

NOS* Type Ir

Number
(total = 527) 144 176 131 19 57

Age range
(months) 0 – 114 5 – 431 19 – 184 7 – 75 3 – 546

Median
(months) 7 34 41 36 44

*
NOS= not otherwise specified (represents PPB which is at least partially solid and a determination of Type II vs. III PPB cannot be definitely 

made).
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Table 4.

International OTST Registry cases with ovarian tumors

Primary ovarian
tumor diagnosis

Number of cases in individuals
with germline or mosaicism for

DICER1

Median age at
diagnosis (years)

SLCT 28 14.5

Gynandroblastoma 4 16

Sarcoma 2 7.5

PNET 1 14
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Table 5.

International PPB Registry cases with primary central nervous system (CNS) tumors

Primary CNS tumor
diagnosis

Number
of cases

Age at PPB
(months)

Age at CNS tumor
(in months from PPB diagnosis)

Glioblastoma 1 45 92

Meningeal sarcoma 1 34 168

Pineoblastoma 2 30, 211 −4, 64

Primitive
neuroectodermal
tumor 2

27, 37
9, 20

Optic glioma 1 236 0
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