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Abstract

Chronic myeloid leukemia (CML) is a clonal hematopoietic stem cell disorder characterized by

a reciprocal translocation, t(9;22) (q34.1;911.2). This leads to fusion of the BCRand ABL1

genes, encoding an active tyrosine kinase that causes unregulated proliferation of the myeloid
lineage. The BCR/ABL1 fusion protein is found not only in CML, but also in a subset of de

novo B-lymphoblastic leukemia (B-LL). However, the fusion protein in CML is characteristically
the slightly longer p210 variant, whereas the p190 variant is more frequently found in B-LL.
Without treatment, CML will progress to accelerated and/or blast phase (BP). Disease progression
is often characterized by accumulation of additional chromosomal abnormalities. The development
of tyrosine kinase inhibitor (TKI) therapy that targets BCR/ABL1 has revolutionized treatment of
CML and vastly improved outcomes, although the disease can still progress despite TKI therapy.
Blast phase most commonly manifests as myeloid BP; however, up to 30% of BP presents as
lymphoid BP (LBP), typically of the B-cell lineage. The B-lymphoblasts of LBP have a phenotype
indistinguishable from that of de novo B-LL. However, LBP typically carries the p210 BCR/ABL
transcript and may show distinct chromosomal anomalies, including loss of chromosome 9p. The
prognosis for CML-BP is poor, although survival has improved with TKI therapy and stem cell
transplant, and LBP has been associated with superior survival compared with myeloid BP. Here
we present a case of CML in B-lymphoid BP and review the current literature.
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CASE REPORT

A 57-year-old man with a history of a seizure disorder presented to the emergency
department following a seizure and was found to have an elevated white blood cell count
of 29,210/uL (range, 4500-11,000/uL), with a normal hematocrit (41.4%; range, 41%—
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53%) and platelet count (288,000/uL; range 150,000-350,000/uL). The initial differential
was reported as: 46% neutrophils, 3% myelocytes, 6% metamyelocytes, 1% bands, 6%
monocytes, 34% lymphocytes, 4% “young unidentified” cells, 0% eosinophils, and 0%
basophils (Fig. 1). Flow cytometry studies were then performed on the peripheral blood
which showed 12% phenotypically abnormal B-lymphablasts. The abnormal lymphoblasts
expressed moderate-intensity CD45, along with CD19, CD34, HLA-DR, CD10 (variable),
and partial CD13 and CD33. The blasts had minimal dim expression of CD20 and did not
show expression of surface light chain, CD117, or other myeloid and T-cell markers (Fig. 2).
Basophils comprised approximately 1% of cells on flow cytometric analysis.

A bone marrow biopsy was then performed. The marrow was hypercellular with a

patchy increase in immature cells. The background marrow showed an elevated myeloid-to-
erythroid ratio (approximately 8:1), and both lineages showed a full range of maturation.
Megakaryocytes were normal in number but had variable morphology, including some
small forms with hypolobated nuclei. The bone marrow aspirate smear was notable for
20% to 25%blasts with a moderate amount of lightly basophilic agranular cytoplasm, fine
chromatin, and conspicuous nucleoli (Fig. 3). The background marrow elements showed

a myeloid predominance with no significant dysplasia. Flow cytometry studies on the

bone marrow showed approximately 24% abnormal B-lymphoblasts. Fluorescence in situ
hybridization (FISH) analysis performed on the bone marrow specimen demonstrated BCR-
ABL1 fusion in 93% of cells, and multiplex polymerase chain reaction analysis detected
the BCR el/a2 (p190) transcript. A diagnosis of chronic myeloid leukemia (CML) in
B-lymphoid blast phase (BP) was rendered.

Therapy was initiated with weekly vincristine and dexamethasone plus daily dasatinib.
As the lymphoblasts expressed CD20, rituximab was added on days 1 and 15. The
patient also received prophylactic intrathecal methotrexate. His circulating blasts cleared
and he was then treated with high-dose methotrexate and cytarabine. Dasatinib was
continued throughout. A follow-up bone marrow evaluation, performed approximately 54
days following presentation, showed a minute population of abnormal B-lymphoblasts by
flow cytometry (0.065% of cells), consistent with residual disease, and polymerase chain
reaction analysis again detected the p190 transcript. The 7315/ mutation was not detected.
The patient then received 2 cycles of blinatumomab therapy, while continuing dasatinib.
A subsequent bone marrow evaluation, performed approximately 94 days following
presentation, was negative for residual disease by flow cytometry and FISH analysis. The
patient declined bone marrow transplant.

DISCUSSION

Chronic myeloid leukemia is a clonal hematopoietic stem cell disorder that is characterized
by a reciprocal translocation, t(9;22)(q34.1;911.2), which causes fusion of the BCR gene
on chromosome 9g34.1 and the ABLI gene on chromosome 22q11.2.1-6 The BCR-ABL1
fusion gene encodes a tyrosine kinase that is constitutively active, leading to marked
myeloid hyperplasia in the bone marrow. Disease onset can be subtle, and patients may

be diagnosed when they are found to have an increase in myeloid cells, or sometimes
platelets, in the peripheral blood.1-” Chronic myeloid leukemia is separated into 3 phases:
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chronic phase (CP), accelerated phase (AP), and BP. The division is determined by a set

of pathologic, cytogenetic, and clinical criteria. The most frequently invoked pathologic
criterion is the percentage of blasts in the blood or marrow.” In CP, blasts must account for
less than 10% of the blood and bone marrow cellularity, but they are typically less numerous
(<5%). Patients who progress to AP because of increased blasts have 10% to 19% blasts in
the blood or bone marrow, and BP is characterized by 20% blasts or greater in the blood

or bone marrow.”-11 If therapy with a tyrosine kinase inhibitor (TKI) directed against the
BCR/ABL1 fusion protein is not initiated, then CML-CP typically progresses to BP within
3 to 5 years,12 although approximately 5% of cases of CML are diagnosed when the patient
is already in AP or BP with no documented preceding CP’ While the advent of TKIs has
greatly improved outcomes in CML,713-15 some patients may still progress to AP or BP
despite TKI therapy.6:7:12.16

The mechanism of transformation from CML-CP to BP is not well understood, but
acquisition of additional chromosomal abnormalities appears to play a role in disease
progression.1-4.6:8.1217-21 At diagnosis, approximately only 5% to 10% of cases of

CML will show chromosomal abnormalities in addition to t(9;22); however, additional
chromosomal anomalies are identified in 50% to 80% of CML-AP317 Some of the

most commonly identified abnormalities in CML-AP include additional copies of the
Philadelphia chromosome, isochromosome 17q, trisomy 8,3->:16.19.20 and gains in c-Myc
copy number.#19 In fact, the acquisition of specific additional chromosomal abnormalities
can be used, by itself, as a criterion for advancement from CML-CP to CML-AP. The
chromosomal changes that define transformation to CML-AP include a second Philadelphia
chromosome, isochromosome 17q, trisomy 8, trisomy 19, abnormalities of 3926.2, or a
complex karyotype. Molecular studies do not play a major role in the diagnosis of CML-AP,
but an increase in BCR-ABL1 mRNA expression may be detected in patients prior to any
clinical or laboratory evidence of transformation.22

Chronic myeloid leukemia in BP may manifest as myeloid BP (MBP), lymphoid BP
(LBP),L7.12 or, rarely, mixed lineage BP! Chronic myeloid leukemia most frequently
progresses to MBP, but LBP accounts for up to 30% of CML-BP The lymphoblasts are
most commonly of the B-cell lineage, although T-lymphoblastic transformation is rarely
seen.1.7.23.24 Chronic myeloid leukemia—LBP patients may present with sheets of blasts that
largely replace the marrow, but a diagnosis of CML-LBP is appropriate if lymphoblasts
account for 20% or more of the blood or bone marrow cellularity. Occasionally, patients
with CML have fewer than 20%lymphoblasts in the marrow or peripheral blood. Although
this finding theoretically meets the criteria for CML-AP, it is worrisome for an impending
transformation to frank CML-BP, and the phenotype of the blasts should be noted
prominently in the report.

The B-lymphoblasts of CML-BP have a phenotype that is essentially indistinguishable
from de novo B-lymphoblastic leukemia (B-LL), with expression of B-cell antigens
(CD79a, CD19, and PAX5) along with markers of immaturity (TdT, CD34, and/ or
CD10).14.7.23.2526 Ag seen in the presented case, the blasts of CML in B-lymphoid BP
often show expression of myeloid antigens, most frequently CD13 and/or CD33. While the
vast majority of cases of CML-BP gain additional chromosomal abnormalities, overall LBP
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typically has fewer additional anomalies than MBP.3 Of note, B-lymphoid BP has been
associated with loss of the short arm of chromosome 9. This chromosomal abnormality is
postulated to play an important role in CML-LBP because 9p is home to genes important
in B-cell differentiation (PAX5 and CDKN1A).1:13.17.20.27.28 | ymphoid BP has also been
associated with deletion of p16/CDKN2A20.21.28.29 and numerical gains and breakpoints
involving chromosomes 1q and 7p.17

When CML-LPB presents without a known history of CML-CP, it can be difficult to
distinguish from de novo B-LL with t (9;22).2:9.17:27.30 There are some features that may
help differentiate the 2 processes. Basophilia and increased myelocytes and metamyelocytes
within the peripheral blood raise the possibility of an underlying CML-LBP.? It should

be noted that basophilia is not specific to CML-LBP and can be also seen in B-LL with
t(5;14)(q31.1;932.1); however, B-LL with t(5;14) is typically associated with a pronounced
eosinophilia that is not a hallmark of CML-BP.” If the marrow is not entirely overrun by
blasts, then background myeloid hyperplasia and the presence of micromegakaryocytes may
also help to suggest an underlying CML. Unfortunately, the immunophenotype of the blasts
cannot be used to distinguish between CML-LBP, and de novo B-LL, as both may show
expression of one or more myeloid antigens, typically CD13 or CD33, on blasts.”17

In cases where there is no clear history of CML, molecular studies are often helpful in
suggesting an underlying CML. In CML, the breakpoint within BCR is almost exclusively
in the major breakpoint cluster region (Mbcr), which creates a 210-kD fusion protein (p210).
In contrast, in up to 77% of cases of B-ALL with BCR-ABL 1, the breakpoint is within the
minor breakpoint cluster region (mbcr), forming a smaller 190-kD fusion protein (p190).2:30
Thus, the presence of a p210 fusion protein in a patient with B-lymphoblasts increases the
possibility of, but is not diagnostic for, an underlying CML. The p190 transcript is only
rarely seen in CML (1%—2% of patients). Chronic myeloid leukemia with the p190 isoform
often has relatively increased monocytes (>3%), as compared with CML with the p210
isoform, and can mimic chronic myelomonocytic leukemia.

Fluorescence in situ hybridization studies for BCR/ABL 1 can also be helpful in ascertaining
whether lymphoblasts of the B-cell lineage represent CML-LBP or de novo B-LL.
Specifically, if the percentage of cells that are positive for BCR/ABL 1 via FISH is
significantly greater than the lymphoblast percentage, then it strongly suggests an underlying
CML, as this finding implies that the background myeloid cells also carry the translocation.
A few groups have advocated using FISH to evaluate neutrophils for the BCR/ABL1
rearrangement in order to differentiate between CML-LBP and de novo B-LL with t(9;22),
because neutrophils would be negative for the translocation in de novo B-LL, but would
carry the translocation in CML-LBP. However, this is not routinely done. While CML-BP
and de novo B-LL do show some characteristic cytogenetic abnormalities, the karyotype

is typically not helpful for distinguishing between the entities. Some studies have shown
that B-LL with BCR-ABL 1 is associated with a greater number of additional chromosomal
changes when compared with CML in LBP.217 Additionally, gains in chromosome 9 are
associated with B-LL with BCR-ABL 1, whereas deletions in chromosome 9p are more
commonly seen in CML in LBP; however, neither of these changes can be used to
definitively distinguish between CML-LBP and B-LL.27
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Treatment for CML in B-lymphoid BP is effectively the same as de novo Philadelphia
chromosome—positive B-LL in adults. It is recommended that patients with CML-BP
receive TKI therapy combined with chemotherapy, which for LBP typically includes
vincristine- and prednisone-based protocols.15:10.18.:31.32 Second-generation TKls, such as
dasatinib, have been proven to have superior blood-brain barrier penetration compared with
imatinib and may be the favored therapeutic agent in patients with central nervous system
disease.10:33 |f CML evolves to BP despite imatinib therapy, then a second-generation TKI
is recommended.10 Additionally, dasatinib or nilotinib is preferred to imatinib in cases

of resistance-conferring mutations.19:34 Although TKI combination therapy is effective for
short-term treatment of CML-BP, hematopoietic stem cell transplant (HSCT) is regarded as
the only potential cure for this disease.2:3:5:6:10.18.30.34 \while in adult patients the distinction
between B-lymphoid CML-BP and de novo B-LL with t(9;22) does not affect the treatment
paradigm, in children this distinction has significant clinical ramifications. Pediatric patients
with B-lymphoid CML-BP are typically offered HSCT as consolidation after successful
induction of remission of BP. In contrast, pediatric patients with B-ALL with t(9;22) are not
routinely offered HSCT in first remission, particularly if they are able to achieve negativity
for minimal residual disease.3%:36

Without proper treatment, CML-BP is fatal, with a median survival of only 7 to 11
months.19 However, with TKI therapy, survival is greatly improved.”-10 Factors that improve
rates of overall survival include younger age at diagnosis, rapid treatment of BP, and fewer
additional chromosomal abnormalities.2® Interestingly, when compared with MBP, LBP has
a better response to therapy and longer overall survival.3-18

CONCLUSIONS

Here, we present a patient whose initial presentation of CML was in B-lymphoid BP
(CML-LBP). The morphologic findings in the peripheral blood and marrow suggested an
underlying CML, and the discordance between the percentage of cells in the marrow that
carried BCR-ABL 1 (93%) versus the percentage of blasts in the marrow (approximately
25%) also favored a diagnosis of CML in LBP. Interestingly, this case carried a p190 BCR/
ABL1 transcript, which is more frequently associated with de novo B-LL, but can rarely
be seen in CML. Thus, while the presence of the p210 transcript may be helpful in making
the distinction between CML-LBP and B-LL, the length of the transcript cannot be used by
itself to distinguish between these entities. Despite the patient's lack of a known CML-CP
as well as the presence of the p190 transcript, a diagnosis of CML was favored over de
novo B-LL because of the morphologic and cytogenetic findings. The patient received
therapy appropriate for CML-BP, but refused a potentially curative bone marrow transplant.
This case underscores the importance of bone marrow findings in patients presenting with
lymphoblastic leukemia and also emphasizes the potential difficulties in differentiating
CML-LBP from de novo B-LL.
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FIGURE 1.
Peripheral smears at the time of diagnosis; circulating blasts are indicated with an

arrowhead. A, The peripheral blood shows a leukocytosis with a myeloid predominance and
occasional circulating blasts (modified Wright-Giemsa stain, original magnification x500,
oil). B, The circulating myeloid cells are present in various stages of maturation (modified
Wright-Giemsa stain, original magnification x1000, oil).
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FIGURE 2.

Flow cytometric analysis of the peripheral blood shows numerous granulocytes (73%), as
well as some monocytes (4%) and lymphocytes (10%). CD19* blasts (approximately 12%)
largely lack expression of CD20 but are positive for CD34 and variable CD10. The blasts
also show partial expression of CD13 and CD33. Background granulocytes, monocytes, T
cells, and natural killer cells are red; B-lymphoblasts are blue, and mature B cells are green.
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FIGURE 3.
Bone marrow biopsy and aspirate. A, The marrow is hypercellular (hematoxylin-eosin

[H&E] stain, original magnification x 100). B, The layer of immature granulocytes adjacent
to the bone (bottom of the picture) is thickened. There are occasional small megakaryocytes
with hypolobated nuclei (H&E stain, original magnification x500, oil). Some areas of

the marrow show a marked myeloid predominance with progressive maturation and
relatively few immature cells (C, H&E stain, and E, modified Wright-Giemsa stain, original
magnification both x 1000, oil), whereas other areas show increased immature cells (D,
H&E stain, and F, modified Wright-Giemsa stain, original magnification both x 1000, oil). E
and F, Blasts in the aspirate are indicated with an arrow, and the background marrow shows
a myeloid predominance with no overt dysplasia.
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