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Three regular articles on the accurate detection of DNA fusions in clinical sequencing for precision oncology; the molecular 
discordance between myeloid sarcomas and concurrent bone marrows and its association with worse overall survival; and 
the differential diagnosis of malignant pleural mesothelioma on cytology were selected for the March and April 2020 JMD 
CME Program in Molecular Diagnostics. The authors of the referenced articles, the planning committee members, and 
staff have no relevant financial relationships with commercial interests to disclose. 
 
Questions #1-5 are based on: Shin H-T, Kim NKD, Yun JW, Lee B, Kyung S, Lee K-W, Ryu D, Kim J, Bae JS, Park D, Choi 
Y-L, Lee S-H, Ahn M-J, Park K, Park W-Y; Junction Location Identifier (JuLI): Accurate Detection of DNA Fusions in Clinical 
Sequencing for Precision Oncology. J Mol Diagn 2020, 22: 304-318; https://doi.org/10.1016/j.jmoldx.2019.10.015 
 
Questions #6-10 are based on Werstein B, Dunlap J, Cascio MJ, Ohgami RS, Fan G, Press R, Raess PW; Molecular 
Discordance between Myeloid Sarcomas and Concurrent Bone Marrows Occurs in Actionable Genes and Is Associated 
with Worse Overall Survival. J Mol Diagn 2020, 22: 338-345; https://doi.org/10.1016/j.jmoldx.2019.11.004 
 
Questions #11-12 are based on Bruno R, Alì G, Poma AM, Proietti A, Libener R, Mariani N, Niccoli C, Chella A, Ribechini A, 
Grosso F, Fontanini G; Differential Diagnosis of Malignant Pleural Mesothelioma on Cytology: A Gene Expression Panel 
versus BRCA1-Associated Protein 1 and p16 Tests. J Mol Diagn 2020, 22: 457-466; 
https://doi.org/10.1016/j.jmoldx.2019.12.009 
 
Upon completion of this month’s journal-based CME activity, you will be able to: 

• Discuss the Junction Location Identifier (JuLI) fusion detection algorithm for the optimization of high-depth clinical 
sequencing. 

• Describe the advantages of JuLI over other state-of-the-art fusion callers. 
• Discuss the clonal heterogeneity between myeloid sarcomas and concurrent bone marrow biopsies. 
• Discuss malignant pleural mesothelioma (MPM) as well as understand the challenges associated with its 

diagnosis. 
 

1. High-throughput sequencing is becoming increasingly prevalent in precision cancer medicine worldwide. 
In the Republic of Korea and the United States of America, assays using high-throughput sequencing have 
received regulatory approval as companion diagnostic tests for personalized care. Based on the 
referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 304-318] 
 
a. Most assays use sequencing technology to identify clinically actionable fusions because they are relatively 

easy to detect and interpret. 
b. Clinically actionable single-nucleotide variants and small insertions/deletions are relatively difficult to detect 

and interpret. 
c. Cancers, such as ALK tyrosine kinase receptor (ALK)–rearranged non–small-cell lung cancers (NSCLCs) and 

BCR-ABL rearranged chronic myeloid leukemias, are driven by small insertions/deletions. 
d. Patients with oncogenic fusions involving ALK or BCR-ABL respond to tyrosine kinase inhibitors. 

 
2. Several factors are prerequisite for accurate detection of genomic fusions in the clinical setting. Based on 

the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 304-318] 
 
a. It is easy to obtain a representative specimen that provides an adequate amount of tumor sample for genome 

profiling. 
b. Tissues from clinical procedures, such as biopsies, have adequate tumor purity. 
c. Formalin-fixed, paraffin-embedding (FFPE) is preferred for most molecular analyses of clinical pathologies 

because of its advantages in collection and storage. 
d. DNA and RNA damage is yet to be reported with formalin fixation. 
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3. As the importance of detecting genomic fusions in clinical decision making continues to increase, a 
critical area for improvement is currently the accuracy of detecting actionable fusions for the realization of 
precision cancer medicine. The authors focused on improving the reliability of detecting somatic 
actionable fusions in cancer using high-depth DNA sequencing. To address the above problems, a fusion 
detection algorithm, Junction Location Identifier (JuLI), optimized for clinical purposes was developed and 
validated using cancer cell lines with known driver fusions. Based on the referenced regular article, select 
the ONE best TRUE statement: [J Mol Diagn 2020, 22: 304-318] 
 
a. Four-hundred and fifty nine NSCLC samples with known ALK fusion and/or proto-oncogene tyrosine-protein 

kinase receptor Ret (RET) fusion status, and 46 prostate cancer samples with known TMPRSS2 fusion status 
were utilized in the development of JuLI. 

b. JuLI uses information from either discordant or proper pair reads to exclusively detect duplications and 
deletions. 

c. The fusion pipeline was tested ten times for repeatability and in two batches for reproducibility. 
d. The repeatability and the reproducibility were observed as 90% (9/10) and 100% (2/2), respectively. 

 
4. To implement precision medicine at Samsung Medical Center (SMC), JuLI, the novel fusion detection 

algorithm optimized for clinical application, was developed. Using the assembled sequences and calling 
fusions with additional information are one of the common strategies among various variant callers. JuLI 
implements novel filtering steps along with this strategy to accurately detect somatic fusions in clinical 
samples. Based on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
22: 304-318] 
 
a. JuLI was validated on two cancer cell lines and on 100 clinical tumor specimens. 
b. JuLI implements the noise reduction algorithm to minimize false-positive calls yet fails to maintain good 

analytical specificity without loss of sensitivity, particularly in noisy samples, such as FFPE samples. 
c. JuLI can detect fusions with only sufficient evidence in serial or multiregion sequencing samples by using the 

joint call function. 
d. JuLI is easy to use with the provided R package, which is available via GitHub and supports comprehensive 

annotation and visualization of structural variations. 
 

5. To simulate different tumor purity levels, four cancer cell lines harboring known fusions and a normal 
sample were manually mixed at different ratios, generating a range of expected tumor purity levels (5% to 
100%). Based on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
22: 304-318] 
 
a. All cell line specimens were profiled using CancerSCAN version 1, which targeted 200 genes. 
b. The mixed fraction of the fusions showed a high correlation [correlation coefficient (r) = 0.95] with the relative 
 value of the normalized supporting reads. 
c. JuLI, SvABA, Delly, Manta, and LUMPY achieved 90% sensitivity. 
d. Manta missed one large deletion between GOPC and ROS1 with 5% mix fraction in this experiment 

 
6. Myeloid sarcoma (MS) is a rare architecture-effacing proliferation of myeloid blasts at an extramedullary 

site. MS may occur with or without concurrent bone marrow involvement by acute myeloid leukemia 
(AML), and may also present as de novo disease or progression/relapse of a myeloid neoplasm. The 
prognostic significance of MS is not entirely clear due to conflicting reports. The authors performed high-
throughput targeted sequencing on paired MS and concurrent bone marrow biopsy (BMBx) samples to 
investigate clonal heterogeneity between myeloid sarcomas and concurrent bone marrow biopsies. Based 
on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 338-345] 
 
a. Mutational profiles of the MS and BMBx showed frequent mutations in genes recurrently mutated in AML. 
b. FLT3 was the most commonly mutated gene in MS (9/24 cases) followed by NPM1 (8/24). 
c. The majority of MS (19/24, 79%) showed both the mutations, and the overall mutational spectrum was quite 
  diverse between MS and BMBx. 
d. There was an increased absolute number of mutations in BMBx as compared to MS; however, the average 
 number of mutations per BMBx (2.8) remained similar to the average number of mutations in morphologically 
 involved MS (2.6). 

 
7. The frequency of discordant mutational profiles in concurrent MS and BMBx was investigated by high 

throughput sequencing. Based on the referenced regular article, select the ONE best TRUE statement: [J 
Mol Diagn 2020, 22: 338-345] 
a. Discordant mutational profiles were defined as the presence of at least two mutations at any allele frequency 

in both the MS and BMBx specimen. 
b. Paired MS-BMBx dyads were sequenced with the same multi-gene NGS panel so that the differing gene 

panels were excluded as a source of discordance.  
c. Lack of MS mutations in an uninvolved BMBx qualified them as discordant. 
d. The frequency of discordant mutations varied highly in the MS and the BMBx 
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8. After determining the frequency of discordant mutational profiles in concurrent MS and BMBx using high 

throughput sequencing, it was next determined whether mutational discordance between MS and BMBx 
affected clinical outcomes. Based on the referenced regular article, select the ONE best TRUE statement: 
[J Mol Diagn 2020, 22: 338-345] 
a. Patients with discordant mutational profiles demonstrated significantly decreased overall survival. 
b. Median survival from the diagnosis of myeloid sarcoma was 60 days in cases with mutational discordance 

versus ‘not reached’ in those without. 
c. Among patients without antecedent myeloid disease or a therapy-related myeloid neoplasm, those with an 

isolated MS showed a trend toward decreased survival compared with those who showed concurrent 
morphologic BMBx involvement. 

d. Clear differences in survival were identified between patients who had initial presentations of myeloid disease 
as compared to those with progression/relapse. 

 
9. NPM1 and FLT3 mutations were found to be frequent in myeloid sarcomas and concurrent bone marrow 

biopsies. Based on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
22: 338-345] 
 
a. FLT3 was the most frequently mutated gene in the MS series. 
b. FLT3 was the mot frequently discordant mutation. 
c. NPM1 was significantly less frequent in cutaneous MS than at other sites. 
d. Of the seven cutaneous MS with NPM1 mutations, five were negative for mutant NPM1 in the BMBx. 

 
10. NPM1 and FLT3 mutations were found to be frequent in myeloid sarcomas and concurrent bone marrow 

biopsies. Furthermore, five of the 12 morphologically unremarkable BMBx demonstrated mutations. Based 
on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 338-345] 
 

a. This result suggests that clonal myeloid disease is present in BMBx even when undetectable by routine 
morphologic and immunophenotypic examination. 

b. High-throughput sequencing of morphologically unremarkable BMBx may be sensitive to very low level 
involvement by a neoplastic clone or subclonal molecular heterogeneity. 

c. The rate of mutational discordance in MS would likely be lower than that observed in this study (33%, 8/24) if the 
analysis were limited to MS-BMBx dyads with morphologically/immunophenotypically involved BMBx. 

d. Overall survival was slightly increased in patients with discordant MS mutational profiles. 
 

11. Malignant pleural mesothelioma (MPM) is an aggressive and heterogeneous cancer mainly associated with 
asbestos exposure. There are three main MPM histotypes: epithelioid, sarcomatoid, and biphasic. To date, 
therapeutic options for MPM are limited with an overall survival ranging from 12 to 18 months, and patients 
affected with sarcomatoid MPM have the worst clinical outcome. Although considered a rare cancer, MPM 
incidence is increasing and in some European countries a peak is expected in 2025, consistent with a long 
latency period of about 40 years from asbestos exposure to the clinical manifestation of the disease. 
Based on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 457-
466] 
 
a. MPM is usually a difficult tumor to diagnose and to differentiate from both other tumors involving the pleura 

and particularly from benign pleural proliferations. 
b. First clinical symptoms, including pleural effusions, are very specific. 
c. Some MPM patients, mainly the oldest ones or patients with co-morbidities, can easily undergo pleural 

biopsies precluding diagnosis on pleural effusions. 
d. The latest guidelines state that an MPM diagnosis, if supported by adequate ancillary techniques, is 

impossible on cytological specimens as on histological ones. 
  

12. It can be difficult to discriminate epithelioid MPM, the most common histotype, from reactive mesothelial 
hyperplasia (MH). Therefore, enrichment pathway analysis was performed on deregulated genes between 
epithelioid MPM and mesothelial hyperplasia (MH) samples to identify specific biomarkers. Based on the 
referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 457-466] 
 
a. Seven pathways were enriched; surprisingly, extracellular matrix (ECM) – receptor interaction and focal 

adhesion pathways were least represented. 
b. The MPM gene panel had on cytology a sensitivity and a specificity equal to 0.9565 and 1, respectively. 
c. The performance of tested panel has a lower diagnostic accuracy of the gene panel when compared with 

BAP1 and p16. 
d. Four genes were deregulated between MPM and MH effusions. 

 


