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On behalf of Illumina, I respectfully request the NCCN Chronic Myeloid Leukemia Guideline Panel to review the
enclosed information for inclusion of next-generation sequencing (NGS) for BCR-ABL1 mutation analysis.
Specific Changes:
We ask the panel to recommend NGS for BCR-ABL1 mutation analysis. NGS can detect low-level BCR-ABL1
mutations that may be missed by the current standard of care, allowing for appropriate tyrosine kinase inhibitor
(TKI) therapy selection.
FDA Clearance:
The recommendation to use an NGS-based technique is not associated with any specific FDA-cleared product/s.
Rationale:
Sanger sequencing is the standard method for BCR-ABL1 mutation analysis. It is expected that methods used for
BCR-ABL1 mutation analysis would be developed and performed by a laboratory that is Clinical Laboratory
Improvement Amendments (CLIA)-certified and College of American Pathologists (CAP)-accredited.
Although Sanger sequencing is widely accepted, it is unable to detect mutations at frequencies less than 10% to
20% (ie, mutations present in less than 10% to 20% of cells) [1]. Recently, a growing body of literature
demonstrates that NGS detects TKI-resistant mutations present at low levels that can be missed by Sanger
sequencing, which enables earlier detection and appropriate TKI therapy selection.
•

*

NGS detects low-level TKI-resistant mutations that are missed by Sanger sequencing.
o A prospective multicenter study showed that low-level TKI-resistant mutations were detected by
NGS (with a limit of detection of 3% mutation level) but missed by Sanger sequencing in CML
patients with Failure or Warning * [2]. Of 211 patients, 20% (42/211) were positive for any point
mutation by Sanger sequencing versus 45% (94/211) positive by NGS; 25% (52/211) of patients had
low-level mutations detected by NGS that were missed by Sanger sequencing. Longitudinal followup data, available for 27 patients with low level mutations, showed that TKI-resistant mutations
were detected and tended to increase in burden at later timepoints unless treatment was changed
to an appropriate TKI therapy.
o Several additional studies support that NGS detects low-level mutations (as low as 1%–4% mutation
level) that are missed by Sanger sequencing.
 In heavily pretreated CML patients treated with ponatinib, NGS detected mutations in 61%
(163/267) of patients, with 266 mutations detected overall. In comparison, Sanger sequencing
detected mutations in 49% (131/267) of the patients, with 161 mutations detected overall. NGS
detected all 161 mutations detected by Sanger sequencing and detected 105 low-level
mutations (frequencies of 1%–11%) missed by Sanger sequencing (present in 27% [73/267] of
patients) [1]. In 12% (32/267) of patients, only low-level mutations were found.
 In 141 CML patients failing on imatinib, 33% (47/141) had at least 1 mutation detected by NGS
[3]. Samples from a subset (n=10) of the 47 patients with mutations detected by NGS were
tested by Sanger sequencing; 5 low-level mutations (frequencies of 10%–20%) in 40% (4/10) of
these patients were missed by Sanger sequencing.
Per the European LeukemiaNet (ELN) definitions

In 107 CML patients on first- or second-line TKI therapy with no evidence of mutations by Sanger
sequencing, 13% (14/107) had low-level mutations (frequencies of 1.5%–11.7%) detected by
NGS [4]. The low-level mutations missed by Sanger sequencing included a T315I mutation in 2
patients with Warning on second-line therapy.
By detecting low-level mutations, NGS can identify relevant mutations earlier than Sanger sequencing,
possibly changing TKI therapy decisions.
o Soverini et al studied 51 imatinib-resistant CML patients on second-line therapy with dasatinib
or nilotinib (guided by Sanger sequencing BCR-ABL1 mutation analysis) who later acquired
dasatinib- or nilotinib-resistant mutations (as determined by Sanger sequencing) [5, 6]. NGS
detected the dasatinib- or nilotinib-resistant mutations earlier than Sanger sequencing in 45%
(23/51) of patients. Relevant mutations were detected by NGS 3 to 9 months (median 3 months)
earlier than Sanger sequencing. In 5 patients, mutations were detected by NGS at baseline.
o Another study examined 60 imatinib-resistant patients (45 with CML and 15 with Ph+ ALL) who
failed second-line therapy with dasatinib or nilotinib and acquired BCR-ABL1 mutations [7].
Switchover to second-line therapy was performed after BCR-ABL1 mutation analysis by Sanger
sequencing, so patients known positive for a T315I mutation were not included in this
evaluation. NGS detected 90 mutations overall in 80% (48/60) of patients at time of switchover
(to second-line therapy). Prior Sanger sequencing detected 30 mutations overall in 47% (28/60)
of patients but missed 60 low-level mutations. Of the 60 low-level mutations, 30 conferred
dasatinib and/or nilotinib resistance, including T315I mutation (n = 13). NGS detected dasatinibor nilotinib-resistant mutations earlier than Sanger sequencing in 43% (26/60) of patients. Thus,
low-level mutations detected by NGS in this population were relevant for TKI choice at
switchover.
o In a retrospective longitudinal analysis of samples from 12 CML patients failing first-line imatinib
therapy, NGS detected TKI resistant mutations 2 to 11 months earlier than Sanger sequencing in
75% (9/12) of patients [8].
o In 40 CML patients who failed first- to third-line TKI therapy and had high levels of T315I
mutation previously detected by Sanger sequencing, earlier samples were tested by NGS [9]. In
50% (20/40) of patients, NGS detected low-level T315I mutations a median of 3 months before
the mutation reached levels (≥ 15%) that could be detected by Sanger sequencing. In the other
20 patients, the earliest measurable T315I mutation frequency was 27% or more, thus, the T315I
mutation was potentially detectable by both NGS and Sanger.


•

Proposed Changes
Page CML-C, Monitoring Response to TKI Therapy and Mutational Analysis Chart
Current Statement
“BCR-ABL kinase domain mutation analysis”
New Statement
“BCR-ABL kinase domain mutation analysis by Next-Generation Sequencing”
New Statement
Add footnote: “Next-generation sequencing (NGS) assays can detect low-level mutations that would be
missed by Sanger sequencing. Detection of low-level mutations enables earlier detection, allowing for
appropriate therapy selection.”
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