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ABSTRACT

BCR-ABL1-like B-Acute Lymphoblastic Leukemia (B-ALL) is a
subset of B-ALL with a poor prognosis that is found in all
age groups. Definitive identification of these patients is
difficult in routine clinical practice as gene expression pro-
filing, the gold standard test, is not widely available. Com-
prehensive genomic profiling performed on 450 patients

with extensive fusion profiling revealed a wide range of
genomic alterations which were consistent with a classifica-
tion of BCR-ABL1-like B-ALL in 29% of cases. This manuscript
highlights a clinically available alternative method for identi-
fying a large subset of patients with BCR-ABL1-like B-ALL.
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INTRODUCTION

BCR-ABL1-like B-lymphoblastic leukemia, also termed
Philadelphia-like B-acute lymphoblastic leukemia (Ph-like
B-ALL), shares a similar gene expression profile with BCR-ABL1
positive B-ALL [1], while lacking the BCR-ABL1 fusion. Identifi-
cation of Ph-like B-ALL cases is crucial, as Ph-like status confers
a poor prognosis, with increased rates of induction failure and
early disease relapse [1–3]. Ph-like B-ALL is found across all
age groups, in approximately 10% of pediatric (≤18 years)
patients [4], 30% of young adult (>18 to ≤40 years) patients
[4, 5], and 20% of adult patients (>40 years) [5] with B-ALL.

Gene expression profiling is used to definitively determine
Ph-like status [6]; however, as gene expression profiling for B-
ALL is not widely available in routine clinical practice, it is chal-
lenging to identify these cases. Previous studies reported that
approximately 80% of Ph-like cases have genomic alterations
that activate the JAK-STAT pathway or other kinases [4, 6].
Comprehensive genomic profiling using parallel DNA and RNA
sequencing allows for extensive fusion detection and broad
interrogation of the JAK-STAT pathway as well as other
kinases to identify a large majority of patients with Ph-like B-
ALL and provide potential targeted treatment options.

DISCUSSION

In this study, 450 cases of B-ALL submitted during routine
clinical care were evaluated by comprehensive genomic

profiling that interrogated 406 genes via DNA sequencing
for all classes of genomic alterations (GAs), including point
mutations, insertions/deletions, copy number amplifica-
tions, homozygous deletions, and gene rearrangements,
and 265 genes via RNA sequencing for rearrangements,
using a College of American Pathologists-accredited, Clini-
cal Laboratory Improvement Amendments (CLIA)-certified,
New York State-approved, hybrid capture next-generation
sequencing assay [7]. All genomic alterations reported are
known or predicted to be pathogenic. Patients for the
cohort samples were 46% female and 54% male (median
age 26 years, range 1–89 years).

BCR-ABL rearrangements were detected in 14%
(64/450) of cases, a frequency lower than expected because
of referral bias against tumors with known BCR-ABL fusions.

Cases were designated as Ph-like B-ALL if activating GAs
were detected in the JAK-STAT pathway or affecting related
kinases, specifically GAs in ABL1, ABL2, CRLF2, CSF1R, EPOR,
IL7R, NTRK1, NTRK2, NTRK3, JAK1, JAK2, JAK3, PDGFRA,
PDGFRB, or SH2B3 [3, 4, 8]. Many of these GAs, especially
gene fusions, are not evaluated as part of the routine clinical
diagnostic evaluation. The spectrum of alterations detected
in the cohort varied by age group, with pediatric (n = 174)
and young adult (n = 113) patients more often harboring
kinase fusions (77% and 81%, respectively), compared with
adult (n = 163) patients (63%).
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Figure 1. (A): Distribution of cases into pediatric (≤18 years), young adult (>18 to ≤40 years), and adult (>40 years) groups, with a
further delineation of the proportion of each group that comprises Ph+ cases, Ph-like cases, and all other cases; (B): Distribution
of cases into pediatric (≤18 years), young adult (>18 to ≤40 years), and adult (>40 years) groups with the percentage of cases that
are Ph-like in each group.
Abbreviations: B-ALL, B-acute lymphoblastic leukemia; Ph, Philadelphia.
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Figure 2. Tile plot, gene schematics, and fusion partners list. (A): Tile plot for 132 cases defined as Ph-like B-ALL based on detected
genomic alterations in ABL1, ABL2, CRLF2, CSF1R, EPOR, IL7R, NTRK1, NTRK2, NTRK3, JAK1, JAK2, JAK3, PDGFRA, PDGFRB, or SH2B3.
Genomic alteration class is indicated by color. Patient age for each case is represented in the top line with light grey for pediatric cases,
dark grey for young adult cases, and black for adult cases. (B): Gene schematics for novel kinase fusions identified. Blue represents the
tyrosine kinase domains, and red represents pseudo-tyrosine kinase domains, both of which are intact and in frame for all three
fusions. (C): Complete list of fusion partners identified for ABL class kinases or members of the JAK-STAT pathway. All kinases have
intact kinase domains in the fusions reported.
Abbreviations: SNV, single nucleotide variant; TK, tyrosine kinase.
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Pediatric (≤18 years) and young adult (>18 to ≤40 years)
patients were more often Ph-like (34% and 38%) compared
with adults over 40 years (18%; Fig. 1). This increased inci-
dence compared with the overall B-ALL patient population is
likely secondary to an enrichment for relapsed/refractory
cases and a reduced frequency of Ph+ cases because of prior
screening.

In total, 29% (132/450) of all cases were identified as Ph-
like B-ALL. As illustrated in Figure 2A, 14% (n = 19) of Ph-like
cases had GAs in an ABL class kinase, whereas 86% (n = 113)
of cases harbored a GA in the JAK-STAT pathway. Of this JAK-
STAT activated group, 41% (n = 46) had an alteration in CRLF2
only, 23% (n = 26) had an alteration in CRLF2 and JAK2, and
20% (n = 23) had an alteration in JAK2 only (Fig. 2A). The
JAK2 point mutations were activating alterations at positions
other than V617F, consistent with previous reports in Ph-like
B-ALL [3, 4]. The precise GAs in each gene are outlined in
supplemental online Table 1. Of the 132 Ph-like B-ALL cases,
42 (32%) harbored concomitant RAS pathway alterations
(KRAS, NRAS, PTPN11, or NF1). Three novel fusions were
identified in this cohort, one involving PDGFRB and two
involving JAK2 (Fig. 2B), all of which preserved the tyrosine
kinase and tyrosine kinase-like domains. Overall, a wide
variety of kinase fusion partners was seen (Fig. 2C), which is
typical for Ph-like B-ALL [4].

The remaining samples (n = 291), designated BCR-ABL-
negative and Ph-like alteration-negative cases, harbored
genomic alterations in CDKN2A and/or CDKN2B (31%), TP53
(31%), KRAS (19%), NRAS (17%), FLT3 (10%), or ETV6-RUNX1
fusions (14%). A subset of cases with RAS pathway alterations
and FLT3 alterations likely represent Ph-like B-ALL cases that
cannot be definitively identified by genomics alone [4, 8].

CONCLUSION

Approximately 80% of Ph-like B-ALL cases can be identified
by the detection of genomic alterations affecting the JAK-
STAT pathway or other kinases, including a diverse array of

gene rearrangements [4, 6]. Thus, a significant subset of
Ph-like B-ALL cases can be identified through comprehen-
sive genomic profiling that includes extensive fusion detec-
tion. In our cohort, 31% of patients with B-ALL had
genomic alterations consistent with Ph-like B-ALL. Ph-like
B-ALL is a critically important subgroup of B-ALL to identify,
as many of these patients either fail standard of care
induction therapy or have early relapse. Improved therapy
is a critical need for this population of patients. Clinical tri-
als treating patients with Ph-like B-ALL by targeting the
driver alteration with tyrosine kinases inhibitors are in pro-
gress. Ideally, Ph-like status would be determined by gene
expression profiling for prognostication, and comprehen-
sive genomic profiling would be used to direct patients
toward targeted therapies. Currently gene expression pro-
filing is not available in routine clinical practice, leaving
many clinicians with few options to identify and appropri-
ately treat these patients. This article highlights an alter-
nate method for identifying a majority of Ph-like B-ALL
patients using a clinically available CLIA-certified assay for
comprehensive genomic profiling with extensive fusion
detection, with data from a large cohort showing the spec-
trum of genomic alterations detected in this manner.
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