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For 150 unique WM patients, both NGS panel data and AS-PCR were available. The finding between the NGS and AS-

PCR studies were largely concordant. Discrepancies were observed in 61 (40.7%) cases where targeted NGS gave false

negative results for c.978T>C but was detected by AS-PCR. Median sequencing read depth at p.Leu265Pro was 206.5

(range 110-557). Modeling these false negative results by age, previous treatment and bone marrow involvement

revealed only bone involvement to be a significant predictor (p < 0.0001). CXCR4 S338X mutations were present by

AS-PCR in 51/198 (25.8%) patients. Discrepancies were observed in 19/34 (55.9%) cases where the targeted panel gave

false negative results for CXCR4. However, the panel was able to detect CXCR4 mutations not covered by the AS-PCR

assays including an additional 16/150 (10.7%) CXCR4 nonsense mutations and 18/150 (12%) CXCR4 frameshift

mutations.

MYD88 and CXCR4 Mutation Rates by Allele-Specific PCR Compared with

Diagnostic Next Generation Sequencing Panels in Patients with Waldenstrom’s Macroglobulinemia

Amanda Kofides1, Lian Xu, MS1, Nickolas Tsakmaklis1, Maria Demos1, Xia Liu, MD1, Guang Yang, PhD1, Jiaji G Chen1, 

Manit Munshi, MS1, Joshua Gustine, MPH1, Christopher Patterson1, Maria Luisa Guerrera, MD1, Gloria G. Chan, MS1, Cristina Jimenez, PhD1, 

Jorge J. Castillo, MD1,2,, Zachary R Hunter, PhD1,2 and Steven P Treon, MD, PhD, FRCP1,2.

1Bing Center for Waldenstrom's Macroglobulinemia, Dana-Farber Cancer Institute, Boston, MA; 2Harvard Medical School, Boston, MA

DNA from CD19+ selected bone marrow mononuclear

cells from untreated WM patients was used for the

MYD88 and CXCR4 AS-PCR assays as previously

described (Xu et al Blood 2013; Xu et al BJH 2016). For

patients wild-type (WT) for MYD88 by AS-PCR, Sanger

sequencing of the open reading frame of MYD88 was

performed. DNA was also used to validate the presence

of c.978T>C by Sanger when possible. The "rapid heme

panel" is an Illumina MiSeq gene panel designed at the

Dana-Farber/Brigham and Women's Cancer Center.

Unlike the AS-PCR assays, the rapid heme panel uses

unsorted marrow and relies on high coverage metrics to

sequence through the normal in tumor contamination.

Mutations in MYD88 have been reported in over 90%

Waldenstrom's Macroglobulinemia (WM) patients,

nearly all of which correspond to the c.978T>C mutation

resulting in an p.Leu265Pro (L265P) substitution at the

protein level. CXCR4 mutations can be found up to 40%

of patients with over half of them corresponding

p.Ser338Ter (S338X) when translated. In this study we

screened 199 patients with WM by AS-PCR for MYD88

c.978T>C and CXCR4 S338X mutations. This analysis

was paired with Sanger sequencing to clarify negative

results when possible. Given the increasing use of

targeted next generation targeted sequencing panels in

clinical diagnostics, we compared the AS-PCR results to

the Dana-Farber rapid heme panel CXCR4 and MYD88

results from the same biopsy for 150 of the samples.

Background

MYD88 mutations are present in 95% of WM patients and

were detectable by AS-PCR in all but 1% of cases. Next

generation targeted sequencing panels had a much lower

sensitivity likely due to hemodilution and the lack of

CD19+ selection.

Study patients presented with a median bone marrow (BM) disease involvement of 30% (range 1-95%) and a median

serum IgM of 2,023 ug/dL (range 25-9,737) and an age of 65 (range 36-89) years. Of the 199 unique WM patients

screened in this study, 188 (94.5%) tested positive for the c.978T>C mutation. Sanger sequencing covering the

c.978T>C mutation was performed in 108/199 (54.3%) of these patients confirming the presence of the mutation in

100% of the cases. This analysis also revealed that one MYD88 WT patient had a dinucleotide substitution that

resulted in L265P while another had a previously documented S243N mutation raising the MYD88 mutation rate to

190/199 (95.5%). Of the 198 unique patients screened for CXCR4 S338X by AS-PCR, 51 (25.8%) were found to

harbor the mutation. Seven of those 51 patients were found to have both C>G and C>A CXCR4 mutations, resulting

in a total of 38 (19.2%) CXCR4 S338 C>G mutations and 20 (10.1%) CXCR4 S338 C>A mutations. There were 34

patients evaluable for validation by Sanger Sequencing based on sufficiently high tumor burden as determined by the

MYD88 assay. Of those, 24/34 (70.6%) patients were validated. All patients with sufficiently high tumor burden were

also screened by Sanger Sequencing for frameshifts and non-S338X CXCR4 mutations. A total of 30/137 (21.9%) of

patients had a point mutation, including 6 non-S338X mutations, and 36/137 (26.3%) patients were found to have a

frameshift mutation.

Of the five patients with alternative MYD88 mutations,

one patient had a dinucleotide substitution that also

resulted in p.Leu265Pro but tested as wild-type by AS-

PCR, two patients each had one previously documented

mutation (either pVal217Phe or p.Ser243Asn). We also

identified one patient with a synonymous mutation

(p.Phe277Phe) and one who had an intronic mutation

though the clinical/pathological impact of these mutations

are unknown. In the AS-PCR positive cohort, one patient

was found to have two novel mutations in addition to

c.978T>C including a mutation in the polypyrimidine

track leading to the final exon and one resulting in

p.Gly259Gly that presents as a highly disruptive

p.Val199Glu in the shorter regulatory isoforms. This is

similar to c.978T>C which presents as p.Leu265Pro in

the primary transcripts but acts as a stop loss in the

shorter isoforms. Many somatic MYD88 mutations

validated by Sanger sequencing had different protein

level effects based on the isoform transcribed:
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Alternative MYD88 Mutations

Conclusions

Figure 2. Distribution and discrepancy between techniques: Lower levels of WM

bone marrow involvement was found to be associated with the discordance between NGS

panel data and AS-PCR. Tumor enrichment from CD19+ selection may play an important

role in the increased sensitivity of the AS-PCR assay.
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Full Cohort Untreated Treated

N 199 111 88

Gender 113 M / 86 F 64 M / 47 F 49 M / 39 F

Age (years) 65 (36-89) 65 (37-89) 66 (36-88)

BM Involvement (%) 30 (1-95) 50 (4-90) 15 (1-95)

Serum IgM (ug/dL) 2023 (25-9737) 2128 (319-9274) 1947 (25-9737)
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