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Philadelphia-negative chromosomal evolution
during treatment for chronic myeloid leukemia
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ABSTRACT. Chromosome evolution is one of the major mechanisms of
disease progression and resistance in chronic myeloid leukemia (CML)
patients. However, the clinical significance of chromosomal evolution
in the Philadelphia (Ph)-negative clone during therapy is not fully
understood. We evaluated 94 CML patients in the chronic phase of CML
during treatment of the disease. Six of them had Ph-negative chromosome
abnormalities during treatment. Four patients with a single abnormality
and a good molecular response showed no obvious complications from
the chromosomal changes, while two other patients who had complex
abnormalities and previous treatment had poor outcomes. Our results
highlight the need for close monitoring of this kind of patient, not only
on a molecular level but also at the cytogenetic level.
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INTRODUCTION

Chronic myeloid leukemia (CML) is a clonal hematopoietic stem cell disorder char-
acterized by the proliferation of the myeloid series and the presence of the Philadelphia (Ph)
chromosome and BCR-ABL fusion genes. Before the era of selective tyrosine kinase inhibi-
tors, hydroxyurea, interferon, cytosine arabinoside, or hematopoietic stem cell transplantation
were treatment choices for the management of CML for eligible patients. Recently, a great
advanced in CML treatment has been noted after the introduction of imatinib mesylate, a se-
lective tyrosine kinase inhibitor, with a complete hematologic response of 95% and complete
cytogenetic response of 75% in chronic phase patients (O’Brien et al., 2003).

However, a subset of patients has been found to develop clonal evolution in Ph-neg-
ative cells during the management of CML (Loriaux and Deininger, 2004; Terre et al., 2004).
The clinical significance and real pathomechanism of this phenomenon are not fully under-
stood. We evaluated the series changes of chromosome abnormalities in the Ph-negative clone
during therapy for CML.

MATERIAL AND METHODS

From 2000 to 2010, 94 patients with CML in the chronic phase were treated and
enrolled in the study after informed consent. The diagnosis of CML was established on the
basis of bone marrow examination, supported by cytogenetic and molecular studies and low
leukocyte alkaline phosphatase activity. Clinical presentations and laboratory data were retro-
spectively collected from the medical records.

Cytogenetic and molecular studies

Cytogenetic and molecular studies were performed in the diagnosis and follow-up.
Cytogenetic studies were carried out on bone marrow samples, and the study was performed
with unstimulated specimens by the Giemsa-banding method. The results were identified
according to the Human System for Cytogenetic Nomenclature (ISCN). The bone marrow
samples were also used for the molecular studies. RNA was extracted from Ficoll-separated
mononuclear cells from the bone marrow specimens. The products were used for the diagnosis
of the BCR-ABL gene and also in quantitative RT-PCR for molecular response analysis.

RESULTS

In the median follow-up of 68 months for all 94 patients, 6 patients (6.4%) had Ph-neg-
ative chromosome abnormalities during the treatment courses for CML (Table 1). Two of them
were exposed to imatinib only (cases 1 and 2); while the other 4 patients had previous therapy
with hydroxyurea and even stem cell transplantation (SCT) (case 6). The median follow-up of
these 6 cases was 62 months from diagnosis, and the median duration from the use of imatinib
to the occurrence of Ph-negative abnormalities was 11.5 months. Cases 1 to 4 had a single
abnormality in the Ph-negative clone and showed a benign course of the disease. There were
no obvious changes in the peripheral blood counts and no dysplastic pictures in the bone mar-
row examinations. All of these 4 patients had a low level of BCR-ABL during the appearance
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of abnormal clones, and all of them had a disappearance of abnormal clones in the follow-up
examinations. They are all alive to date with continuous imatinib therapy.

Table 1. Cytogenetic and molecular results of patients with Ph-negative chromosome abnormalities.

Case Age/gender Status Time from Time with ~ Cytogenetics Molecular response  Treatment
diagnosis  imatinib (log reduction)
(months)  (months)
1 48/F CP 0 0 46,XX,1(9;22)(q34;q11.2)[7]
CcpP 4 4 46,XX,%(9;22)(q34;q11.2)[1]/43,XX 1.17 IM 400
-7,+8,-15,-17,-20[1]/46,XX[2]
Ccp 6 6 47,XX,+8[6]/46,XX, 2.35 IM 400
1(9;22)(q34;q11.2)[2]/46,XX[9]
CP 12 12 47,XX,+8[14]/46,XX[1] 3.96 IM 400
CP 24 24 46,XX [20] Undetectable IM 400
2 71/M CP 0 0 46,XY,t(9;22)(q34;q11)[20] IM 400
CP 3 3 46,XY,1(9;22)(q34;q11)[3]/46,XY[16] 1.52 IM 400
CcpP 10 10 45,X,-Y[7]/46,XY[13] 3.95 IM 300
CP 36 36 45,X,-Y[4]/46,XY[16] Undetectable IM 300
CP 50 50 46,XY[19] Undetectable IM 300
3 58/F CP 0 0 46,XX,1(9;22)(q34;q11.2)[20] HX
Ccp 30 0 46,XY,1(9;22)(q34;q11.2)[8] 0.27 IM 400
CcpP 37 7 47,XX,+8[2]/46,XX[18] 3.54 IM 400
CP 66 36 46,XX[19] Undetectable IM 400
CP 78 48 46,XX[20] Undetectable IM 400
4 34M CP 0 0 46,XX,1(9;22)(q34;q11.2)[20] HX
CP 13 9 46,XY[20] IM 400
CcpP 25 21 46,XY,t(6;9)(p11;p11)[3]/46,XY[16] IM 400
CP 38 34 46,XY[20] IM 400
CP 72 68 46,XY[20] Undetectable IM 400
5 60/M CP 0 0 46,XY,t(9;22)(q34;q11)[10] HX
CP 16 0 46,XY,1(9;22)(q34;q11.2)[20] IM 200
CcpP 29 13 46,XY,t(9;22)(q34;q11.2)[8]/47,XY,+8[3] 1.55 IM 400
CP 38 22 46~48,XY,+8,1(9;22)(q34;q11.2),- 16, Failed IM 400
i(17)(q10),+der(22)t(9;22)(q34;q11.2)[10]
BC 43 27 48,XY,+8,t(9;22)(q34;q11.2),i(17),+der(22) ~ 0.11 NI 800
1(9;22)(q34;q11.2)[18]/49,XY,idem,+8[3]
Ccp 49 44-48,XY,der(7),+8,t(9;22)(q34;q11.2), 0.25 NI 800
i(17),+der(22)t(9;22)(q34;q11.2)[20]
BC 52 46,XY,der(7),1(9;22)(q34;q11.2)[6]/ 0.32 DA 100
47,XY,+8[1]/46,XY[3]
6 22/F CP 0 0 46,XX,1(9;22)(q34;q11)[15] SCT
CP 21 0 46,XX[20] After SCT
BC 66 0 47,XX,der(6)t(x;6)(q10;p?),t(9;22)(q34; 0.05 IM 400
q11.2),i(17)(q10),+19[20]/46,XX[2]
Ccp 69 3 47,XX,der(6)t(x;6)(q10;p?),t(9;22)(q34; 1.18 IM 400
q11.2),i(17)(q10),+19[5]/46,XX[3]
CP 74 8 46,XX[13] 2.54 Before 2nd SCT
CP 78 12 46,XX[7] 3.27 IM 400
CcpP 81 15 46,XX,t(1;12)[2]/45,XX,t(3;4)(q28;q13), 3.86 IM 400
-17[1]/45,XX,-17[1]/46,XX[ 18]
AP 85 19 47~49,XX,der(6)t(x;6),+8,1(9;22)(q34; 0.66 DA 100

q11.2),-17,+19,-20,+der(22)t(9:22)[5)/
46,XX,t(1322)[1]/46,XX[5]

BC 90 48~50,XX.,der(6)t(x;6),+8.4(9:22)(q34; 0.21 NI 800
q11.2),-17,+19,-20,+der(22)t(9;22)[ 18]

AP = accelerated phase; BC = blast crisis; CP = chronic phase; DA = dasatinib; HX = hydroxyurea; IM = imatinib;
NI = nilotinib; SCT = stem cell transplantation. Bold data are Ph-negative chromosome abnormalities from other
chromosome patterns.
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In contrast, 2 patients (cases 5 and 6) had poor outcomes with disease progression.
In case 5, the chromosome abnormalities occurred after previous hydroxyurea therapy and
imatinib therapy. Trisomy 8 occurred in the Ph-negative clone followed by clonal evolu-
tion in Ph cells. Although the patient shifted to second-generation target therapy, including
nilotinib and dasatinib, no obvious cytogenetic or molecular response was noted. He died
of disease progression.

Case 6 was a female who received sibling-matched SCT soon after diagnosis. Un-
fortunately, a relapse of the disease was noted 5 years later with complex chromosomal ab-
normalities. She responded well to imatinib and achieved a complete cytogenetic response
before the second SCT with an unrelated matched donor. No full donor chimerism or positive
results of BCR-ABL were noted after the second SCT and she continued to receive imatinib.
Ph-negative chromosome abnormalities were noted during imatinib therapy with a good mo-
lecular response. However, the disease rapidly progressed with the loss of both cytogenetic
and molecular responses soon after. She responded poorly to second-generation target thera-
py and expired due to sepsis.

DISCUSSION

According to previous studies, 4-15% of patients experience Ph-negative chromo-
some abnormalities during the management of CML (Andersen et al., 2002; Terre et al., 2004;
Deininger et al., 2007). Many abnormalities, including trisomy 8, monosomy 7, nullisomy Y,
and other structural aberrations, have been reported to be involved in this kind of change. Most
of the patients with such abnormalities demonstrate a benign course of the disease with these
abnormalities; however, some cases suffer from transformation of the disease (Kovitz et al.,
2006; Lin et al., 2006; Kim et al., 2008).

In our study, we showed that 6.4% of patients had Ph-negative chromosome ab-
normalities, which is similar to previous reports (Terre et al., 2004; Deininger et al., 2007).
Patients with a single abnormality in our study had benign presentations and most of the
abnormalities disappeared in the follow-up, which indicated that the abnormality could be a
transient phenomenon (Kim et al., 2008). However, two cases with complex abnormalities
and a long history of treatment showed progressive disease and poor molecular response.
In these two patients, one had a history of long-term hydroxyurea therapy and the other had
previous SCT. The history of heavy treatment in these cases could support the hypothesis that
previous cytotoxic agents can contribute to chromosome abnormalities in Ph-negative clones
(Bumm et al., 2003).

The other hypothesis of clonal evolution suggests that imatinib, with the ability to
inhibit ABL activity, may have a negative effect on DNA repair (Kharbanda et al., 1997,
Fabarius et al., 2005). The third hypothesis stresses that the innate genetic instability of CML
marrow may cause the development of chromosomal evolution (Tanaka et al., 2004). Since
the fact that most of our cases continued on imatinib therapy during the occurrence of Ph-
negative abnormality and many of the abnormalities disappeared on imatinib therapy, as
shown in other reports, our data, at least, did not favor the theory that imatinib alone could
contribute to the abnormalities.

No matter whether the abnormalities come from previous treatment, imatinib therapy,
innate instability, or interaction of these causes, most of patients show no obvious effect on
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prognosis (Deininger et al., 2007; Kim et al., 2008). However, as reported here, some cases
did progress, and thus, there should be close monitoring, not only on the molecular level but
also on the cytogenetic level.

In summary, we present here 6 cases with Ph-negative chromosomal abnormalities
during therapy for CML. Although most of them showed no obvious complications from the
chromosomal abnormalities, two cases with complex abnormalities and previous treatment
had poor outcomes. The results highlight the need for close monitoring of CML patients not
only on the molecular but also cytogenetic level.
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