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eTable 1A. The International Classification of Diseases, ninth and tenth revisions (ICD9/10) billing codes to
query the Geisinger EHR for diagnoses related to thyroid disease (including thyroidectomy) and malignancy

THYROID CONDITIONS CI(C)]';% ICD9 CODE DESCRIPTION ICD10 CODE
BENIGN THYROID CANCER 226 Benign neoplasm of thyroid glands D34
DISORDERS OF THYROID 246.8  Other specified disorders of thyroid E07.89, E89.0, E03.4
DISORDERS OF THYROID 246.9  Unspecified disorder of thyroid E07.9, R94.6

Toxic diffuse goiter with mention of thyrotoxic
GOITER 242.01 crisis or storm E05.01
Toxic diffuse goiter with mention of thyrotoxic
GOITER 242.01 crisis or storm E05.01
Toxic nodular goiter, unspecified type, without
GOITER 242.3 mention of thyrotoxic crisis or storm E05.20
GOITER 240.9  Goiter, unspecified E04.0, E04.9, E01.0, E01.2,
E04.8
GOITER 241.9  Unspecified nontoxic nodular goiter E04.9, E04.0, E04.2
Toxic diffuse goiter without mention of thyrotoxic
GOITER 242.0 crisis or storm E05.00
GOITER 242.0 Toxic diffuse goiter E05.00C E05.01
Toxic diffuse goiter without mention of thyrotoxic
GOITER 242.00 crisis or storm E05.00
Toxic diffuse goiter with mention of thyrotoxic
HYPERTHYROIDISM 242.01 crisis or storm E05.01
Toxic multinodular goiter with mention of
HYPERTHYROIDISM 242.21 thyrotoxic crisis or storm E05.21
Thyrotoxicosis from ectopic thyroid nodule without
HYPERTHYROIDISM 2424 mention of thyrotoxic crisis or storm E05.30
Thyrotoxicosis of other specified origin with
HYPERTHYROIDISM 242.81 mention of thyrotoxic crisis or storm E05.41
Thyrotoxicosis without mention of goiter or other
HYPERTHYROIDISM 24291 cause, with mention of thyrotoxic crisis or storm E05.91
HYPOTHYROIDISM 244.8  Other specified acquired hypothyroidism E03.8, E03.4, E03.9, E0.32, E02
HYPOTHYROIDISM 2449  Unspecified acquired hypothyroidism E03.9, E03.8C IMOO0001, E03.3
TATROGENIC THYROID 24473  Other iatrogenic hypothyroidism E03.2
CONDITIONS
TATROGENIC THYROID 245.4  latrogenic thyroiditis E06.4
CONDITIONS
IATROGENIC THYROID 245.4  latrogenic thyroiditis E06.4
CONDITIONS
MALIGNANCY 193 Malignant neoplasm of thyroid gland C73
MALIGNANCY V10.87 Personal history of malignant neoplasm of thyroid 785.850
MULTINODULAR GOITER 241.1  Nontoxic multinodular goiter E04.2
Toxic multinodular goiter with mention of
MULTINODULAR GOITER 242.21 thyrotoxic crisis or storm E05.21
Toxic multinodular goiter without mention of
MULTINODULAR GOITER 242.21 thyrotoxic crisis or storm E05.21
OTHER THYROID CONDITIONS 2442  lodine hypothyroidism EO01.8
OTHER THYROID CONDITIONS 246.8  Other specified disorders of thyroid E07.89
OTHER THYROID CONDITIONS 246.9  Unspecified disorder of thyroid E07.9
SIMPLE GOITER/GOITER 240.0  Goiter, specified as simple E04.0, E04.9, E01.0, E01.2,
E04.8
THYROIDITIS 154 Thyroiditis, unspecified E06.9
THYROIDITIS 2223  Acute thyroiditis E06.0
THYROIDITIS 24572  Chronic lymphocytic thyroiditis E06.5
THYROIDITIS 245.8  Other and unspecified chronic thyroiditis E06.5
Toxi i 1 it ithout ti f
UNINODULAR GOITER 242 1 oxic uninodular goiter without mention o £05.10

thyrotoxic crisis or storm
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UNINODULAR GOITER 241.0  Nontoxic uninodular goiter E04.1

© 2021 Mirshahi UL et al. JAMA Network Open.



eTable 1B. The Current Procedural Terminology (CPT) codes to query the Geisinger
EHR for diagnoses related to thyroid disease (including thyroidectomy) and

malignanc
THYROID CONDITIONS ICD9 CODE DESCRIPTION PCT CODE

THYROID SURGERY Removal of thyroid gland 60240
THYROID SURGERY Partial removal of thyroid lobe 60210
THYROID SURGERY Removal of thyroid for tumor 60252
THYROID SURGERY Removal of thyroid lobe, total 60220
THYROID SURGERY Radical thyroid surgery for tumor 60254
THYROID SURGERY Removal of thyroid lobe, total 60225
THYROID SURGERY Removal of thyroid gland 60271
THYROID SURGERY Removal of thyroid gland 60270
THYROID SURGERY Partial removal of thyroid lobe 60212
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Variable

Number of individuals
Race, %
White
African American/Black
Others
Ethnicity, %
Non-Hispanic
Hispanic or Latino
Unknown
Sex, % female
Current age, years
Mean
Median
Range
BMI, kg/m?
Median
Range
Number of clinical encounters
Mean
Median
Range
Years of clinical encounters
Mean
Median
Range
Smoking status, %
Current smoker, %

eTable 2. Demographic Characteristics of the Geisinger DiscovEHR cohort

Values

92,296

98
1.7
0.3

96

1.7
2
60

59
59
2-89

31
14— 64

73
57
1-1245

12
14
0-21

40
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Column Identifier
Chromosome
Position
Reference
Alternate
Minor Allele Frequency
Gene Names
HGVS ¢cDNA
HGYVS protein
Sequence Ontology

Classification
DiscovEHR MAF
ExAC nontcga NFE MAF

gnomAD exome NFE MAF
MetaSVM pred

CADD phred

REVEL

ClinVar Clinical significance (Last reviewed)
ClinVar Review status
ClinVar Condition(s)

eTable 3 Dictionary
Definition
Chromosome number
Genome coordinate (hg38)
Reference allele
Alternate allele
Minor allele frequency
Gene name
Variant in Human Gene Variation Society (HGVS) DNA notation
Variant in Human Gene Variation Society (HGVS) (protein) notation
Variant type
Classifcation (pLOF: predicted loss of function, pDeleterious: predicted deleterious, VUS: variant of
unknown significance, LB: likely beingn)
Geisinger DiscovEHR minor allele frequency
Exome Aggregation Consortium (ExAC), excluding The Cancer Genome Atlas (TCGA), non-Finnish
European (NFE) minor allele frequency
Genome Aggregation Database (gnomAD) non-Finnish European minor allele frequency
Meta-analytic support vector machine (MetaSVM) prediction score. D: deleterious; T: tolerated

Combined Annotation Dependent Depletion (CADD) phred-like score. This is phred-like rank score
based on whole genome CADD raw scores.

Rare Exome Variant Ensemble Learner (REVEL) score, an ensemble method for predicting the
pathogenicity of rare missense variants

Clinical significance from ClinVar (last reviewed date)
Review status from ClinVar

Clinvar clinical significance condition reported
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eTable 3. List of all DICERI variants (P, LP, VUS, LB) and MAF in reference databases (EXAC_nonTCGA_NFE, gnomAD_exome_NFE), metaSVM, CADD, REVEL, HGMDand ClinVar

95090516
95090519

95090529

95090534
95090543

95090589

95090594

95090620

95090624

95090645

95090660
95090662
95091081

95091085

95091086

95091108

95091206

95091209

95091210

95091214

95091215

95091240
95091255

95091308

95091361

95091369
95093909

95093915

95093922

Reference

TCCC

Alternate

o

Gene

DICERI
DICER1

DICERI

DICER1
DICERI

DICER1

DICERI

DICER1

DICERI

DICER1

DICER1
DICER1
DICERI

DICER1

DICER1

DICER1

DICER1

DICER1

DICER1

DICER1

DICERI

DICER1
DICER1

DICER1

DICER1

DICER1
DICERI

DICER1

DICERI

NM_177438.2:¢.5751T>C

NM_177438.2:c.5748A>G

NM_177438.2:c.5738A>G

NM_177438.2:¢.5733C>T
NM_177438.2:¢.5724C>G

NM_177438.2:¢.5678T>C

NM_177438.2:¢.5647G>A

NM_177438.2:¢.5643T>C

NM_177438.2:¢.5622C>A

NM_177438.2:¢.5607G>A
NM_177438.2:¢.5605C>T
NM_177438.2:¢.5556C>A

NM_177438.2:¢.5552G>A

NM_177438.2:¢.5551C>T

NM_177438.2:¢.5529A>G

NM_177438.2:c.5524A>G

NM_177438.2:¢.5521C>T

NM_177438.2:¢.5520A>G

NM_177438.2:¢.5516G>A

NM_177438.2:¢.5515C>T

NM_177438.2:¢.5490C>G
NM_177438.2:¢.5467_5475delinsG

NM_177438.2:¢.5422A>G

NM_177438.2:¢.5369G>A

NM_177438.2:¢.5365-4A>G

NM_177438.2:¢.5343A>G

NM_177438.2:¢.5337G>A

NM_177438.2:¢.5330T>A

HGVS protein

NP_803187.1:p.Pro1917=

NP_803187.1:p.GIn1916=

NP_803187.1:p.Lys1913Arg

NP_803187.1:p.Ser1911=
NP_803187.1:p.Ala1908=

NP_803187.1:p.Val 1893Ala
NP_803187.1:p.Lys1891Asn
NP_803187.1:p.GluI883Lys
NP_803187.1:p. Thr1881=

NP_803187.1:p. Tyr1874Ter

NP_803187.1:p.Pro1869=
NP_803187.1:p.Pro1869Ser

NP_803187.1:p.Serl852=

NP_803187.1:p.Arg1851His

NP_803187.1:p.Arg1851Cys

NP_803187.1:p.Glul843=

NP_803187.1:p.Ile1842Val

NP_803187.1:p.Leul841=

NP_803187.1:p.Pro1840=

NP_803187.1:p.Arg1839GIn

NP_803187.1:p.Arg1839Trp

NP_803187.1:p.Val1830=
NP_803187.1:p.Ser1823Valfs

NP_803187.1:p.Met1808Val

NP_803187.1:p.Arg1790Lys

NP_803187.1:p.Glul 781=

NP_803187.1:p.Lys1779=

NP_803187.1:p.Leul 777His

Sequence Ontology

synonymous

synonymous

missense

synonymous

synonymous
missense
missense
missense
synonymous

stop_gained

synonymous
missense

synonymous

missense

missense

synonymous

missense

synonymous

synonymous

missense

‘missense

synonymous
frameshift

missense

missense

splice_region

synonymous

synonymous

‘missense

Classification

LB

LB

LB
LB

LB
LB
LB
LB

PLOF

LB
pDeleterious

LB

LB

LB

LB

pDeleterious

LB

LB

LB

LB

LB
PLOF

LB

LB

vus
LB

LB

LB

DiscovEHR MAF

5.42E-06

1.08E-05

0.0001192

1.08E-05
5.42E-06

1.08E-05

5.42E-06

5.42E-06

0.0002438

5.42E-06

1.63E-05
5.42E-06
5.42E-06

3.25E-05

1.63E-05

0.0001463

2.71E-05

5.42E-06

5.42E-06

3.79E-05

1.08E-05

2.71E-05
5.42E-06

1.08E-05

5.42E-06

5.42E-06
5.42E-06

2.71E-05

5.42E-06

=
<
=
=3
=
=]
4
5
2
s

1.84E-05

1.84E-05

7.36E-05

7.36E-05

3.68E-05

gnomAD exome NFE MAF

2.64E-05

2.64E-05

8.79E-06

0.0002

3.52E-05

8.80E-06

2.64E-05

3.52E-05

7.04E-05

8.80E-06

8.79E-06

8.80E-06

MetaSVM pred

T

T

245

27

24.7

34

0.098

36

16.81
248

9.692

35

35

5.748

23.8

23

26.2

24.6

20.9

0.197

0.266

0.126
0.403

0.121

0.03
0.516

0.048

0.161

0.416

0.056

0.448

0.234

0.398

0.656

0.376

0.383

linical significance

Likely_benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Jan 7, 2020)

Likely_benign (Last reviewed:
Oct 18, 2018)

Uncertain_significance (Last
reviewed: Sep 25,2019)

Likely benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Nov 29, 2018)

Likely benign (Last reviewed:
Dec 31, 2019)

Likely benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Nov 25, 2019)

Uncertain_significance (Last
reviewed: Nov 26, 2019)

Benign/Likely_benign (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 15, 2019)

Likely_benign (Last reviewed:
Dec 31, 2019)
Likely benign (Last reviewed:
May 22, 2016)

Uncertain_significance (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Feb 11, 2019)

Uncertain_significance (Last
reviewed: Nov 25, 2019)

Likely benign (Last reviewed:
Dec 18, 2018)
Benign/Likely_benign (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Oct 9, 2019)

“linVar Allele ID

241898

331230

784821

477295

222392

642794

528861

399765

811919

811920

463601

241901

464199

241902

137715

477140

464454

568364

811934

241904

569087
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95093976

95093987

95093995

95094049

95094062

95094065

95094079

95094080

95094089
95094095

95094098

95094125

95094142

95095829

95095831

95095878
95095907

95095910

95095916
95095920

95095934
95095987

95096009

95096010

95096019

95096021

95096024

95096031

95096032

95096046

95096050

95096057

95096061

95096081

95096082

95096101

> >

=

>

a

H 43 a o

DICER1

DICER1

DICERI

DICER1

DICERI

DICER1

DICER1

DICER1

DICERI
DICER1

DICER1

DICER1

DICERI

DICER1

DICERI

DICER1
DICER1

DICER1

DICERI
DICER1

DICERI
DICER1

DICERI

DICER1

DICER1

DICER1

DICERI

DICER1

DICER1

DICER1

DICERI

DICER1

DICERI

DICER1

DICERI

DICER1

NM_177438.2:¢.5276A>G

NM_177438.2:¢.5265C>T

NM_177438.2:¢.5257G>A

NM_177438.2:¢.5203C>T

NM_177438.2:¢.5190G>A

NM_177438

5187G>A

NM_177438.2:¢.5173C>T

NM_177438.2:¢.5172G>A

NM_177438.2:¢.5163T>C
NM_177438.2:¢.5157C>T

NM_177438.2:¢.5154G>C

5091C>T

NM_177438.2:¢.5089A>G

NM_177438.2:¢.5042C>T
NM_177438.2:¢.5013G>T

NM_177438.2:¢.5010A>G

NM_177438.
NM_177438

5000A>G
NM_177438.2:¢.4986T>C
NM_177438.2:¢.4933C>A

NM_177438.2:c.4911G>A

NM_177438.2:¢.4910C>T

NM_177438.2:¢.4901T>C

NM_177438.2:¢.4899A>G

NM_177438.2:¢.4896T>C

4889G>A

4888C>T

4874C>A

NM_177438.

4870G>C

NM_177438.2:c.4863T>G

NM_177438.2:¢.4859G>A

NM_177438.2:c.4839A>G

NM_177438.2:¢.4838A>T

NM_177438.2:¢.4819C>T

5003_5004delinsT

NP_803187.1:p.Lys1759Arg

NP_803187.1:p.His1755=

NP_803187.1:p.Asp1753Asn

NP_803187.1:p.Leul 735=

NP_803187.1:p.Gly1730=

NP_803187.1:p.Pro1729=

NP_803187.1:p.Argl725Trp

NP_803187.1:p.Prol724=

NP_803187.1:p.Tyr1721=
NP_803187.1:p.His1719=

NP_803187.1:p.Lys1718Asn
NP_803187.1:p.Asp1 709Glu

NP_803187.1:p.Leul 704Val

NP_803187.1:p.1le1697=

NP_803187.1:p.Ile1697Val

NP_803187.1:p.Alal681Val
NP_803187.1:p.Lys1671Asn

NP_803187.1:p.Glu1670=

NP_803187.1:p.Asn1668llefs
NP_803187.1:p.Glul667Gly

NP_803187.1:p.Leul 662=
NP_803187.1:p.Prol645Thr

NP_803187.1:p.Ser1637=

NP_803187.1:p.Ser1637Leu

NP_803187.1:p.Leul 634Ser

NP_803187.1:p.Val1633=

NP_803187.1:p.Ser1632=

NP_803187.1:p.Argl 630His

NP_803187.1:p.Argl630Cys

NP_803187.1:p.Serl625Tyr

NP_803187.1:p.Alal624Pro

NP_803187.1:p.Cys1621Trp

NP_803187.1:p.Ser] 620Asn

NP_803187.1:p.GIn1613=

NP_803187.1:p.GIn1613Leu

NP_803187.1:p.Arg1607Trp

missense

synonymous

missense

synonymous

synonymous

synonymous

missense

synonymous

synonymous

synonymous

missense

missense

missense

synonymous

missense

missense

missense

synonymous

frameshift

missense

synonymous

missense

synonymous

missense

missense

synonymous

synonymous

missense

missense

missense

missense

missense

missense

synonymous

missense

missense

LB

LB

pDeleterious

LB

LB

LB

pDeleterious

LB

LB
LB

LB
PLOF

pDeleterious

LB

LB

pDeleterious
LB

LB

PLOF
LB

LB
LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

pDeleterious

LB

9.21E-05

5.42E-06

1.08E-05

5.42E-05

5.42E-06

1.63E-05

1.08E-05

5.42E-06

1.08E-05
5.42E-06

5.42E-06

5.42E-06

5.42E-06

5.42E-06

2.71E-05

5.42E-06
5.42E-06

2.17E-05

1.08E-05
5.42E-06

1.08E-05
1.63E-05

7.04E-05

0.0001517

8.13E-05

5.96E-05

4.33E-05

1.08E-05

6.50E-05
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Conflicting_interpretations_of
_pathogenicity (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Jan 15, 2018)

Uncertain_significance (Last
reviewed: Apr 23, 2019)

Uncertain_significance (Last
reviewed: Jun 12, 2018)

Likely_benign (Last reviewed:
Dec 31, 2019)

Likely_benign (Last reviewed:
Dec 31, 2019)
Uncertain_significance (Last
reviewed: Nov 13, 2019)

Likely_benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 11, 2019)

Likely_benign (Last reviewed:
Dec 31, 2019)
Likely benign (Last reviewed:
Dec 31, 2019)

399826

754232

464570

400652

642849

477339

241946
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463702

464322
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812033
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400385
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477116
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Hereditary_cancer-predisposing_syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome
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Goiter, multinodular_1, with_or_without_Sertoli-
Leydig_cell_tumors|Hereditary_cancer-

2 ,_embr
yonal, 2|DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndromenot_provided

Hereditary_cancer-predisposing_syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome|DICER -
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Pleuropulmonary_blastomalHereditary_cancer-
predisposing_syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary cancer-
predisposing_syndromejnot_provided

Hereditary_cancer-predisposing_syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome|DICER -
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome

Hereditary_cancer-
predisposing_syndromejnot_provided

Hereditary_cancer-predisposing_syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Acute myeloid leukemiaHereditary cancer-
predisposing syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndromelnot_specifiednot_provided
DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_ s DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome

DICERI-

related pleuropulmonary blastoma cancer predisp
osition_syndrome

Hereditary_cancer-
predisposing_syndromejnot_provided

DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-
predisposing_syndromejnot_provided

Hereditary_cancer-predisposing_syndrome[DICER1-
related_pleuropulmonary blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-
predisposing_syndromejnot_provided

Hereditary cancer-
predisposing_syndromefnot_provided

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, conflicting_interpretations

criteriaprovided, multiple submitters,
no_conflicts
criteria_provided, multiple_submitters,

no_conflicts

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter
criteria_provided, multiple_submiters,

no_conflicts

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, conflicting_interpretations

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, single_submitter

criteria_provided, multiple_submiters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, multiple_submiters,
no_conflicts

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, multiple_submiters,
no_conflicts
criteria_provided, multiple submitters,
no_conflicts



Hereditary_cancer-predisposing_syndrome|DICER1-
528923 related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Likely_benign (Last reviewed:
Dec 31,2019)

criteria_provided, multiple_submitters,

14 9510337 G A DICERI NM_177438.2:c.3459C>T NP_803187.1:p.Cys1153= synonymous LB 1.08E-05 )
no_conflicts
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95103943

95103949

95103958

95103968

95103974

95103977

95103991

95104004

95104016

95104036

95104043

95104048

95104058

95104062

95104067

95104090

95104093

95104100

95104108

95104111

95104120

95104123

95105079

95105080

95105106

95105127
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95105160
95105166
95105178
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95105205
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>0

G

G

DICERI

DICER1

DICER1

DICER1

DICERI

DICER1

DICERI

DICER1

DICERI

DICER1

DICER1

DICER1

DICER1

DICER1

DICERI

DICER1

DICER1

DICER1

DICERI

DICER1

DICER1

DICER1

DICER1

DICER1

DICER1

DICER1

DICER1

DICER1

DICERI
DICER1
DICERI
DICER1
DICER1

NM_177438.2:¢.3453G>A

NM_177438.2:¢.3447G>A

NM_177438.2:¢.3438T>C

NM_177438.2:¢.3428T>C

NM_177438.2:¢.3422C>T

NM_177438.2:¢.3416_3419delinsC

NM_177438.2:¢.3405A>G

NM_177438.2:¢.3392A>G

NM_177438.2:¢.3380T>G

NM_177438.2:¢.3360T>C

NM_177438.2:¢.3353A>G

NM_177438.2:¢.3348T>A

NM_177438.2:¢.3338C>A

NM_177438.2:¢.3334A>G

NM_177438.2:¢.3329T>G

NM_177438.2:¢.3306T>A

NM_177438.2:¢.3303T>C

NM_177438.2:¢.3296A>G

NM_177438.2:¢.3288C>T
NM_177438.2:¢.3285C>T
NM_177438.2:¢.3276T>A

NM_177438.2:¢.3273C>T

NM_177438.2:¢.3261G>A

3260C>T

NM_177438.2:¢.3234T>C

NM_177438.2:¢.3213A>G

NM_177438.2:¢.3197C>T

NM_177438.2:¢.3186C>T

NM_177438.2:¢.3180C>T
NM_177438.2:¢.3174T>G

NM_177438.2:¢.3162C>T

NM_177438.2:¢.3150A>G
NM_177438.

3135A>G

NP_803187.1;p.Val1151=

NP_803187.1:p.Met11491le

NP_803187.1:p.His1146=

NP_803187.1:p.Leul 143Pro

NP_803187.1:p.Serl 141Phe

NP_803187.1:p.Argl 139del

NP_803187.1:p.GIn1135=

NP_803187.1:p.Asn1131Ser

NP_803187.1:p.lle1 127Ser

NP_803187.1:p.Asn1120=

NP_803187.1:p.Asn1118Ser

NP_803187.1:p.Alal116=

NP_803187.1:p.Serl 113Tyr

NP_803187.1:p.Asnl112Asp

NP_803187.1:p.le1 110Ser

NP_803187.1:p.Ile1102=

NP_803187.1:p.Ser1101=

NP_803187.1:p.Lys1099Arg

NP_803187.1:p.Phe1096=
NP_803187.1:p.Asp1095=
NP_803187.1:p.Pro1092=

NP_803187.1:p.Tyr1091=

NP_803187.1:p.Alal087=

NP_803187.1:p.Alal087Val

NP_803187.1:p.Alal078=

NP_803187.1:p.Argl071=

NP_803187.1:p.Thr1066Ile

NP_803187.1:p.His1062=

NP_803187.1:p.Arg1060=
NP_803187.1:p.Leul 058=

NP_803187.1:p.Leul 054=

NP_803187.1:p.Lys1050=
NP_803187.1:p.Alal045=

synonymous

missense

synonymous

missense

missense

inframe_deletion

synonymous

missense

missense

synonymous

missense

synonymous

missense

missense

missense

synonymous

synonymous

missense

synonymous
synonymous
synonymous

synonymous

synonymous

missense

synonymous

synonymous

missense

synonymous
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synonymous

synonymous

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB

LB
LB

5.42E-06

5.42E-06

5.42E-06

4.33E-05

5.42E-06

1.08E-05

5.42E-06

4.33E-05

5.42E-06

5.42E-06

5.42E-06

5.42E-06

5.42E-06

2.17E-05

1.08E-05

1.08E-05

1.08E-05

7.58E-05

1.08E-05

1.08E-05

1.08E-05

1.63E-05

0.0005851

3.25E-05

5.42E-06

0.0001083

5.42E-06

1.63E-05

5.42E-06
5.42E-06

3.25E-05

5.42E-06
1.08E-05

1.84E-05

1.94E-05

0.0003

1.84E-05

1.84E-05

3.68E-05

8.81E-06

2.65E-05

8.83E-06

1.76E-05

8.82E-06

8.82E-06

1.77E-05

2.65E-05

0.0003

3.52E-05

1.76E-05

8.80E-06

T

T

T

T

T

T

12.53

233

0.339

0.002

11.13

0.06

0.001

15.71

13.33

16.41

8.301

24.1

0.097

0.102

0.126

0.058

0.117

0.037

0.088

0.109

0.066

0.169

0.178

0.158

0.184

0.335

Uncertain_significance (Last
reviewed: Dec 16, 2019)

Likely benign (Last reviewed:
Nov 6,2018)
Conflicting_interpretations_of
_pathogenicity (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 31, 2019)

Likely benign (Last reviewed:
Apr 19, 2017)
Conflicting_interpretations_of
_pathogenicity (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 23, 2019)

Likely_benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 29, 2018)

Uncertain_significance (Last
reviewed: Oct 14, 2018)

Uncertain_significance (Last
reviewed: Jan 6, 2020)

Conflicting_interpretations_of
_pathogenicity (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 30, 2019)

Likely_benign (Last reviewed:
Dec 31, 2019)

Likely_benign (Last reviewed:
Dec 7,2017)

Uncertain_significance (Last
reviewed: May 25, 2018)

Likely_benign (Last reviewed:
Dec 31, 2019)
Likely_benign (Last reviewed:
Dec 31, 2019)
Likely benign (Last reviewed:
Dec 31,2019)
Likely_benign (Last reviewed:
Dec 31,2019)

Likely_benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Dec 26, 2019)

Likely benign (Last reviewed:
Dec 31, 2019)
Benign/Likely_benign (Last
reviewed: Dec 31, 2019)

Uncertain_significance (Last
reviewed: Nov 18, 2019)

Likely_benign (Last reviewed:
Dec 26,2017)

Likely_benign (Last reviewed:
Dec 31, 2019)
Likely_benign (Last reviewed:
Sep 10, 2018)

812041

784831

222405

400041

477345

400059

399845

693629

399849

642866

400060

137708

400663

784832

528392

566726

464341

400666

477122

463719

241954

400675

463721

241955

812062

528456

399869

812069
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Hereditary_cancer-predisposing_syndrome

not_provided

Hereditary_cancer-
predisposing_syndromelnot_provided

Hereditary_cancer-predisposing_syndrome|DICER -
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome

Hereditary_cancer-
predisposing_syndromelnot_provided

Hereditary_cancer-predisposing_syndrome|DICER -
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-
predisposing_syndromefnot_provided

DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome|DICER -
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Pleuropulmonary_blastomalHereditary_cancer-
isposi ifiedjnot_provided

Hereditary_cancer-predisposing_syndrome|[DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

not_provided

DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-predisposing_syndrome|DICER1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-
predisposing_syndromefnot_provided

not_provided

Hereditary cancer-
predisposing_syndromejnot_provided

not_provided

Hereditary_cancer-

z % _provided
Hereditary_cancer-predisposing_syndrome|DICER 1-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndromenot_provided

Hereditary cancer-
predisposing_syndromejnot_provided
Hereditary_cancer-
predisposing_syndromejnot_provided

Hereditary_cancer-predisposing_syndrome

DICERI-
related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Hereditary_cancer-
predisposing_syndromefnot_provided

Hereditary_cancer-predisposing_syndrome

criteria_provided, single_submitter

criteria_provided, single_submitter

criteria_provided, conflicting_interpretations

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, conflicting_interpretations

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, conflicting_interpretations

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, multiple_submitters,
no_conflicts
criteria_provided, single_submitter

criteria provided, multiple submitters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, multiple submitters,
no_conflicts
criteria_provided, multiple_submiters,
no_conflicts

criteria_provided, single_submitter

criteria_provided, single_submitter

criteria_provided, multiple_submitters,
no_conflicts

criteria_provided, single_submitter



Hereditary_cancer-predisposing_syndrome|DICER1-
399871 related_pleuropulmonary_blastoma_cancer_predisp
osition_syndrome

Uncertain_significance (Last
reviewed: Dec 11, 2019)

criteria_provided, multiple_submitters,

14 95105213 T C DICERI NM_177438.2:¢.3127A>G NP_803187.1:p.Ile1043Val missense LB 1.08E-05 . 1.76E-05 T 12.05 0.097 1o conflicts
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95105241

95105697

95105739

95105768

95106077

95106081

95106124

95106130

95106136

95106156

95106223
95106223

95107613

95107631

95107650
95107652
95107657

95107675

95107692

95107693

95107694

95107695

95107723

95107731

95107738

95107753

95107754

95107758
95107882

95107883

95107889

95107907

95107908
95107917
95107950

95107955

=

G

>

G

G

DICER1

DICER1

DICERI

DICER1

DICER1

DICER1

DICER1

DICER1

DICERI

DICER1

DICERI
DICER1

DICER1

DICER1

DICERI

DICER1
DICERI

DICER1

DICER1

DICER1

DICERI

DICER1

DICERI

DICER1

DICER1

DICER1

DICERI

DICER1
DICER1

DICER1

DICER1

DICER1

DICER1
DICER1
DICERI

DICER1

NM_177438.2:¢.3099G>T

NM_177438.2:¢.3074A>G

NM_177438.2:¢.3032C>T

NM_177438.2:¢.2951A>G

NM_177438.2:¢.2947C>A

NM_177438.

2904T>C

NM_177438

2898A>G
NM_177438.2:¢.2892G>A

NM_177438.2:¢.2872A>G

NM_177438.2:¢.2805A>G

NM_177438.2:¢.2805-2delinsTA
NM_177438.2:¢.2799T>G

NM_177438.2:¢.2781C>T

NM_177438.2:¢.2762T>C
NM_177438.2:¢.2760T>C
NM_177438.2:¢.2755C>A

NM_177438.2:¢.2737A>G

NM_177438.

2720T>C

NM_177438.2:¢.2719A>G

NM_177438.2:¢.2718C>T

NM_177438.2:¢.2717G>A

NM_177438.2:¢.2689A>G

NM_177438.2:¢.2681T>C

NM_177438.2:c.2674A>G

NM_177438,

2659T>C

NM_177438.2:¢.2658C>T

NM_177438.2:¢.2654A>C
NM_177438.2:¢.2648T>C

NM_177438.2:¢.2647G>A

NM_177438.2:¢.2641C>G

NM_177438.2:¢.2623G>T

NM_177438.2:¢.2622A>G

NM_177438

2613C>T
NM_177438.2:¢.2580T>G

NM_177438

2575C>T

NP_803187.1:p.Leul033=

NP_803187.1:p.Glu1025Gly

NP_803187.1:p.Alal011Val

NP_803187.1:p.Thr1001=

NP_803187.1:p.Asn984Ser

NP_803187.1:p.Leu983Ile

NP_803187.1:p.Phe968=

NP_803187.1:p.Glu966=
NP_803187.1:p.Glu964=

NP_803187.1;p.5er958Gly

NP_803187.1:p.Arg935=

NP_803187.1:p.Ile933Met

NP_803187.1:p. Tyr927=

NP_803187.1:p.Val921 Ala
NP_803187.1:p.Phe920=
NP_803187.1:p.Pro919Thr

NP_803187.1:p.Lys913Glu

NP_803187.1:p.11e907 Thr

NP_803187.1:p.11e907Val

NP_803187.1:p.Argd06=

NP_803187.1:p.Arg906His

NP_803187.1:p.Met897Val

NP_803187.1:p.Phe894Ser

NP_803187.1:p.I1e892Val

NP_803187.1:p.Ser887Pro

NP_803187.1:p.Asp886=

NP_803187.1:p.Asn885Thr
NP_803187.1:p.Val883Ala

NP_803187.1:p.Val883lle

NP_803187.1:p.Leu881Val

NP_803187.1:p.Ala875Ser

NP_803187.1:p.Ser874=
NP_803187.1:p.Asp871=
NP_803187.1:p.Leus60—

NP_803187.1:p.Arg859Trp

synonymous

missense

missense

synonymous

missense

missense
synonymous

synonymous

synonymous

missense

synonymous

splice_acceptor
missense

synonymous

missense
synonymous

missense

missense

missense

missense

synonymous

missense

missense

missense

missense

missense

synonymous

missense

missense

missense

missense

missense

synonymous
synonymous

synonymous

missense

LB

LB

LB

LB

LB

LB
LB
LB

LB

LB

LB
PLOF

LB

LB

LB
LB
LB

LB

LB

LB
LB

LB

LB

LB

LB

LB

LB

LB
LB

LB

pDeleterious

LB

LB
LB
LB

pDeleterious

1.08E-05

5.42E-06

1.08E-05

3.25E-05

1.08E-05

5.42E-06

5.42E-06

5.42E-06

5.42E-06

1.08E-05

2.17E-05
0.0001433

5.42E-06

1.08E-05

5.42E-06
1.08E-05
1.08E-05

5.42E-06

7.58E-05

5.42E-06

5.42E-06

1.08E-05

1.08E-05

5.42E-06

5.42E-06

5.42E-06

9.75E-05

1.63E-05
1.08E-05

3.25E-05

4.33E-05

5.42E-06

5.42E-06
1.63E-05
1.08E-05

5.42E-06

7.36E-05

1.87E-05

5.53E-05

0.0002

7.42E-05

5.53E-05

3.52E-05

8.80E-06

3.52E-05

8.82E-06

2.64E-05

2.64E-05

6.16E-05

0
7.04E-05

8.80E-06

8.80E-06

0.0001

8.82E-06

5.29E-05
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26.8

9.399

9.652

29.3

8.853

14.03
13.07

17.84

0.254

0.136

0.078

0.528

0.055
0.407

0.057

0.073

0.062

0.312

0.154

0.518

0.097

0.237

0.03
0.192

0.042

0.493

0.488

0.766

Likely benign (Last reviewed:
Dec 31, 2019)

Uncertain_significance (Last
reviewed: Nov 20, 2019)

Uncertain_significance (Last
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eFigure 1. Inferred pedigrees of carriers of DICERI putative loss-of-function variation
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eTable 4. Demographic characteristics of 25 subjects with
putative loss-of-function or hotspot DICERI variation in the

Geisinger DiscovEHR study.

Variable Values
Number of individuals 25
Race, %

White 96

African American/Black 4
Ethnicity

Non-Hispanic 96

Unknown 4
Sex, % female 72
Number deceased (%) 2 (8)
Current age, years®

Mean 57

Median 57

Range 2-89
Number of clinical encounters

Mean 68

Median 43

Range 6-249
Years of clinical encounters

Mean 11

Median 14

Range 2-18
Smoking status, %

Current smoker 48

®Non-deceased subjects

© 2021 Mirshahi UL et al. JAMA Network Open.




eTable 5. Association of germline DICERI variants and thyroid phenotypes stratified by
pathogenicity. Odds ratios and p-values for thyroid traits for individuals from pLOFs, pDeleterious,
VUS, and LB compared to non-carriers are calculated using Fisher’s exact test. The total number of
individuals (N) who were carriers and non-carriers of each DICER] variant class is noted under the
classification group column header. Non-carriers were matched by sex, ethnicity, and smoking-status.

Group pLOF & Hotspot pDeleterious VUS Likely Benign
N carriers | N non-carriers 2517550 84 23,351 2719268 2289 180,491
Goiters

Uni-nodular 2.7(0.8—-8.4) 1.4(0.6-34 1.1(0.1-6.2) 0.8 (0.6 -1.0)

Multi-nodular 0 0.4 (0.04-2.4) 1.1(0.1-6.2) 1.0 (0.8—-1.3)

Any 1.8(0.7-4.9) 1.3 (0.7 -2.5) 0.9(0.2-3.7) 0.9 (0.8—1.0)
Hypothyroidism 23(1.1-5.1) 1.0 (0.6 —1.7) 33(1.6-7.2) 0.7 (0.6 — 0.9)*
Hyperthyroidism 3.7(0.9 —13.6) 0.7 (0.1 -4.2) 0 1.0(0.8—-14)
Thyroidectomy 6.0(2.2-16.3" 1.0 (0.2-3.5) 1.6 (0.1 -9.3) 0.8(0.6-1.1)
Malignancies

Thyroid 9.2 (2.1-34.7) 1.7 (0.2-9.2) 0.9(0.2-3.7) 0.9 (0.8—1.0)

Any malignancy 1.2(04-34 1.1 (0.6 —2.0) 0.5(0.1-2.1) 0.9 (0.8—1.1)

2denotes p<0.008, considered statistically significant with Bonferroni correction for multiple testing.
Abbreviations- pLOFs, putative loss of function; pDeleterious, predicted deleterious; VUS, variant of unknown
significance; OR, odds ratio; CI, confidence intervals
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eTable 6. Germline and somatic DICERI variants in cancers of individuals with germline
DICERI predicted deleterious variants

Germline Malignancy Age at Sex Ethnicity Germline Somatic allele
DICERI biopsy allele frequency®
Variant (decade) frequency® %
% (alt/total
reads)
Thr66Ser Multiple myeloma 40s Male White 63 (25/40) Insufficient
DNA
Vall00Gly Infiltrating duct 60s Female | White 46 (54/118) Insufficient
carcinoma, NOS DNA
Thr806Met “History of thyroid 60s Male White 40 (17/43) Insufficient
cancer” by ICD9 code; DNA
no pathology records in
registry
Thr806Met Sigmoid colon, 60s Male White 39 (14/36) No hotspot
Adenocarcinoma
Thr806Met | Breast, infiltrating duct 60s Female | White 48 (45/94) Insufficient
carcinoma DNA
Thr806Met Intrahepatic bile duct, 50s Male White 52 (16/31) Insufficient
adenocarcinoma DNA
Leu881Val | Bone marrow, multiple 70s Male White 54 (61/113) Insufficient
myeloma DNA
Prostate gland, 50s Insufficient
adenocarcinoma DNA
Ser1160Tyr | Lung, adenocarcinoma 80s Female | Unknown | 50 (66/132) Insufficient
DNA
Tyr1345Cys | Intraductal carcinoma 60s Female | White 46 (19/41) Insufficient
DNA
Glyl1364Ala Testis, Seminoma 40s Male White 38 (28/74) Gly1809Arg
1.5
Glyl1364Ala Thyroid gland, 30s Female | White 50 (58/115) Insufficient
Papillary DNA
adenocarcinoma
Trpl481Arg | Pancreas, Malignant 60s Female | White 39 (30/77) Insufficient
Carcinoid tumor DNA

2Allele frequency determined as % alternate reads/total reads. Abbreviations: NOS: not otherwise specified; Insufficient
DNA, DNA of insufficient quality for sequencing; alt, alternate variant
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eFigure 2. Age of Diagnosis and Frequency of Diagnosis for Thyroid Conditions in Carriers and
Non-Carriers (NC) of DICER1 Variants. The frequency of carriers and non-carriers for DICER1 groups
(left y-axis) with each thyroid clinical trait expressed as % cases/group were separated per two decades
based on the first age of diagnosis in EHR. Heatmaps of age-at-diagnosis (x-axis) and frequency in
different age ranges (right y-axis) are shown. Darker shade of blue indicates higher frequency. The
numbers in brackets next to each variant classification group indicate “n cases” for carriers or matched
non-carriers. The “X” symbol (panel D) means no observations. The total number of individuals in each
group is shown in Figure 1. pLOF: predicted loss of function, VUS: variant of uncertain significance; LB:
likely benign
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