J Clin Exp Hematop
Vol. 53, No. 3, Dec. 2013

Case Study

Monocytic Crisis of Chronic Myeloid Leukemia
in the Era of Tyrosine Kinase Inhibitor

Hiroko Tsunemine,” Hiroshi Arima,” Kiminari Itoh,” Emiko Ishikawa Sakane,"”
Hiroshi Akasaka,” Taiichi Kodaka,” and Takayuki Takahashi"

A 47-year-old man was diagnosed with Philadelphia chromosome-positive chronic myeloid leukemia (CML) in October
2005. He could not receive treatment with imatinib mesylate due to his economic circumstances. He was consequently treated
with hydroxyurea with partial hematological remission until June 2008. Although imatinib mesylate was started thereafter, the
adherence to this treatment was poor because of his occupational circumstances. In September 2009, imatinib mesylate was
switched to nilotinib, with a subsequent phase of acceleration of the disease, presumably due to his poor adherence to the
treatment. Dasatinib was started in September 2010, with transient hematological response and final blastic crisis of the disease
in January 2011, regardless of improved adherence. Blast cells showed immature monocytic morphology and were positive for
a-naphtylbutyrate esterase staining. They also expressed surface CD14 and CD64 antigens. A diagnosis of rare monocytic
crisis of CML was made. He was treated with low-dose nilotinib following cytoreduction with MEC (mitoxantrone, etoposide,
and cytarabine) chemotherapy. Severe leucopenia without circulating leukemic cells continued for about 2 months with
sustained hepatosplenomegaly, and he died of pneumonia in March 2012. Necropsy showed severe bone marrow hypoplasia
with focal infiltration of mature leukemic cells and similar infiltration in the liver. (J Clin Exp Hematop 53(3) : 227-233,
2013]

Keywords: monocytic crisis, chronic myeloid leukemia, tyrosine kinase inhibitor, bone marrow necrosis

and rarely monocytic, T lymphoid, and eosinophilic
phenotypes.> The development of ber-abl-targeted tyrosine

Chronic myeloid leukemia (CML) is a myeloproliferative kinase inhibitors (TKIs) as the treatment of chronic-phase
disorder characterized by the expansion of clonal hemato- CML has dramatically reduced the incidence of transforma-
poietic cells that carry the Philadelphia (Ph) chromosome and tion of chronic-phase CML to blast crisis.*> However, it is
are capable of terminal differentiation to every cell lineage well known that the outcome of CML patients who exhibit
during the chronic phase.! In terms of its natural history, failure or suboptimal response to the treatment with imatinib
CML typically progresses from the chronic phase to terminal mesylate is poor,’® indicating that poor responders to TKI
blastic phase/blast crisis via an accelerated phase.” Blast treatment have a risk of developing blast crisis of CML. In

INTRODUCTION

crisis is often accompanied by additional chromosomal abnor- this article, we report on a patient who developed rare mono-
malities in addition to the Ph chromosome as a result of  cytic crisis, presumably due to poor adherence to TKI treat-
secondary molecular evolution. The most common pheno- ment.

type of the blasts at the time of crisis is a myeloid one,
comprising approximately two-thirds of cases, which is fol- CASE REPORT
lowed by B lymphoid, megakaryocytic, erythroid, basophilic,

A 47-year-old man came to Kobe City Medical Center
Received - Julv 139013 General Hospital because of abdominal fullness in October
RZS/ZZS ) Sl::gteml’)er 9. 2013 2005. Physically, the spleen was palpable 10 cm below the
Accepted-: October 3, 2’013 costal margin. Hematologicag test§ reveale(_i a white blood
"Department of Hematology, Shinko Hospital, Kobe, Japan cell (WBC) count of 123 x 10°/L with some immature granu-
“Department of Hematology and Oncology, Graduate School of Medicine, Kyoto locytes and a platelet count of 393 x 10°/L. A bone marrow
University, Japan , ‘ ‘ aspirate showed granuloid hyperplasia with 0.4% blast cells.
Corresponding author: Dr. Takayuki Takahashi, Department of Hematology, Shinko . .
Hospital, 4-47, Wakinohama-cho, 1-chome, Chuo-ku, Kobe 651-0072, Japan Cytogenetlc analy51s of the marrow cells demonstrated an

E-mail: takahashi.takayuki@shinkohp.or.jp abnormal karyotype of t(9;22)(q34;q11.2) (Table 1).
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Table 1. Graded accumulations of additional chromosomal abnormalities in addition to Ph chromosome along with
the progression of CML in the present patient
No. of cells with abnormal karyotype/
Phase Karyotype No. of cells analyzed P
cP 46, XY, 1(9;22)(q34:q11.2) 19/20
46, XY 1/20
AP 46, XY, 1(9;22)(q34:q1.21), der(17), add(17)(p11.2), add(19)(p11), +der(22)t(9;22) 20/20
BC 53, X, <Y, +1, 43, +6, +8, +8, 1(9:22)(q34:q11.2), +13, -17, +19, add(19)(q!3), 13
421, +der(22)t(9;22)
55, idem, +18, +21 6/13
58, idem, +2, i(8)(q10), +17, +18, +18, +21 2/13

CP: chronic-phase; AP: accelerated phase; BC: blast crisis.

Fluorescence in situ hybridization showed a bcr-abl fusion
signal in 94.6% of marrow cells analyzed. Reverse
transcriptase-polymerase chain reaction also showed the ma-
jor bcr-abl transcript. A diagnosis of Ph chromosome-
positive CML in chronic phase was made and the Sokal score
was intermediate risk. Although imatinib mesylate was avail-
able at this time, he could not receive the treatment with this
agent because of his financial circumstances. Therefore,
treatment with hydroxyurea was started without complete
hematological response (CHR), presumably due to his poor
adherence to this treatment associated with his occupational
circumstances. Although treatment with imatinib mesylate
(400 mg/day) became available to him in June 2008, CHR
was not obtained because of his poor adherence to the treat-
ment. Furthermore, he discontinued the treatment for 2
months owing to his occupational circumstances in July 2009.
As a result, his WBC count elevated to 350 x 10°/L with
moderate anemia and a platelet count of 171 x 10%L. A bone
marrow aspirate showed sustained chronic phase of CML
with the same karyotype of t(9;22). Imatinib mesylate was
switched to nilotinib (800 mg/day) to obtain CHR in February
2010. The treatment with nilotinib brought about CHR ;
nevertheless, he again discontinued the treatment in May
2010. After 4 months of discontinuation, his WBC count
elevated to 320 x 10%/L, with a differential count of 1% blasts
and 46% promyelocytes, and decreased platelet count of 59 x
10°/L. Cytogenetic analysis of bone marrow cells showed
t(9;22)(q34;q11) with additional abnormalities of der(17), add
(17)(p11.2), add19(p11), and +der(22)t(9;22) in all 20 cells
analyzed (Table 1), indicating progression to an accelerated
phase of CML. Nilotinib was switched to dasatinib (140
mg/day) in September 2010. Although he continued to take
dasatinib with a normal WBC count, he was admitted in
January 2011 because of possible blast crisis of CML.
Physical examination showed marked hepatosplenomegaly
and small skin papules in the trunk, suggesting skin invasion
of leukemic cells. Hematological examination showed a
WBC count of 12.7 x 10%/L with 5% blasts, 2% metamyelo-
cytes, 4% band form, 3% segmented form, 1% ecosinophils,
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1% basophils, 29% monocytes, 55% lymphocytes, and 9%
erythroblasts, a hemoglobin concentration of 9.1 g/dL, and a
platelet count of 46 x 10°/L. Hemostatic examination re-
vealed that concentrations of fibrinogen and D-dimer were
1,174 mg/dL (normally 160 to 350 mg/dL) and 2.3 pg/mL
(normally below 1.0 pg/mL), respectively. Biochemical tests
showed that serum concentrations of aspartate aminotransfer-
ase, alanine aminotransferase, total bilirubin, alkaline phos-
phatase, lactate dehydrogenase, blood urea nitrogen, and crea-
tinine were 14 1U/L, 12 IU/L, 0.3 mg/dL, 285 IU/L, 445 IU/L
(normally 120 to 230 ITU/L), 13.0 mg/dL, and 1.12 mg/dL
(normally 0.5 to 1.0 mg/dL), respectively. C-reactive protein
was elevated to 17.1 mg/dL (normally below 0.3 mg/dL).
Serum concentration of lysozyme was as high as 180 pg/mL
(normally 4.2 to 11.5 pg/mL). A bone marrow aspirate re-
vealed hypercellularity with 90% immature monocyte-like
cells (Fig. 1A). Cytochemical analysis showed that these
cells were strongly positive for a-naphthyl butyrate esterase
staining (Fig. 1B), but negative for peroxidase (Fig. 1C) and
naphthol ASD chloroacetate esterase staining (data not
shown). Flow cytometric analysis demonstrated that these
immature cells were positive for CD2, CD4, CD7, CD14,
CD33, CD64, and HLA-DR, but negative for CD13 and
CD34. Chromosomal analysis showed t(9;22) with further
additional complex abnormalities including tetrasomy 8 and
trisomy 19 (Fig. 2) (Table 1). These findings indicated the
monocytic nature of these immature cells, and a diagnosis of
monocytic crisis of CML was made. No known point muta-
tions in bcr-abl were detected at this time point.

Since the WBC count increased from 12.7 x 10%/L to 130.8
x 10%/L 6 days after admission, he received combination che-
motherapy consisting of mitoxantrone, etoposide, and cytara-
bine in addition to nilotinib at 400 mg/day. However, the
effect of the combination chemotherapy was transient, with
possible life-threatening infection ; therefore, a combination
with nilotinib and hydroxyurea was started for the control of
blast/immature monocyte counts. After 1 week of administra-
tion of this combination, the blast count decreased with severe
neutropenia to less than 0.01 x 10°/L, and severe pancytope-
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Fig. 1.
with abundant cytoplasm containing some vacuoles are seen (/4; Wright-Giemsa stain, x 1,000). Cytochemical
analysis shows that these cells are strongly positive for a-naphthyl butyrate esterase stain (/B; x 1,000), but negative
for myeloperoxidase staining (/C; x 1,000).
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Fig. 2. Abnormal karyotype observed at the time of blast crisis. The karyotype is 53, X, -Y,
+1, +3, +6, +8, +8, 1(9;22)(q34;q11.2), +13, =17, +19, add(19)(q13), +21, +der(22)t(9;22).

nia continued thereafter. He had an HLA-matched sibling
donor ; therefore, he was moved to Shinko Hospital for possi-
ble bone marrow transplantation in February 2011. The pan-
cytopenia with few blasts and neutrophils continued with the
combination of nilotinib and hydroxyurea, although promi-
nent hepatosplenomegaly persisted. A bone marrow biopsy
performed in March 2011 revealed extensive bone marrow
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necrosis (Fig. 3A). Although we conducted bone marrow
transplantation at this time, he developed leukemic meningitis
accompanied by convulsion and blindness of the left eye.
Intrathecal chemotherapy improved the convulsion; how-
ever, he developed recurrent massive melena. These compli-
cations made us unable to perform marrow transplantation,
and he ultimately died of pulmonary hemorrhage due to
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Fig. 3. Histological examination of biopsy and necropsy specimens from the bone marrow, liver, and lung.
(34) The marrow tissue shows extensive necrosis, and no viable cells are seen. Biopsy specimen, H&E stain,
% 400. (3B) A focal infiltrate of residual leukemic cells in the necrotic tissue of the bone marrow. Arrows
indicate large leukemic cells with abundant cytoplasm, suggesting partial differentiation toward monocyte in
each infiltrate. Necropsy specimen, H&E stain, x 400. (3C) A focal infiltrate of leukemic cells in the portal
area of the liver. Arrows indicate the extent of the infiltrate/portal area. Necropsy specimen, H&E stain, x100.
(3D) Extensive alveolar hemorrhage is seen due to Stenotrophomonas maltophilia infection. Necropsy

specimen, H&E stain, x 100.

Stenotrophomonas maltophilia in April 2011. Necropsy
showed severe bone marrow hypoplasia with focal infiltration
of mature leukemic cells (Fig. 3B) and similar infiltration in
the portal area of the liver (Fig. 3C) and spleen (data not
shown). In addition, necropsy specimen of the lung showed
extensive alveolar hemorrhage, possibly due to
Stenotrophomonas maltophilia infection (Fig. 3D).

DISCUSSION

Monocytic crisis is a rare phenotype of blast crisis in
CML. To the best of our knowledge, only 11 cases of mono-
cytic crisis have been described in the English literature or
abstracts, and all cases except for the present one were re-
ported before the availability of imatinib mesylate.”!”
Clinical data of these 11 and the present patients are summar-
ized in Table 2. Furthermore, in the era of TKI of the second
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generation, blast crisis itself is rare. Therefore, the facts that
the present patient could not initially start treatment with
imatinib mesylate and that his adherence to subsequent TKI
treatments was very poor may be instructive in terms of risky
situations regarding blast crisis. Indeed, the adherence to
imatinib mesylate as the critical factor for achieving a cytoge-
netic or molecular response has been reported.'®!

It is speculated that bcr-abl affects the DNA repair proc-
ess, and altered DNA repair leads to genomic instability,
which consequently causes clonal evolution and, finally, blast
crisis.?? In the present patient, uncontrolled and sustained
bcer-abl activity in CML cells may have caused the accumula-
tion of genetic instability. Indeed, a leukemic cell line was
established from bone marrow cells at the initial period of the
blast crisis in the present patient. Interestingly, multiple am-
plification of bcr-abl was demonstrated in these cultured cells
(Arima et al., personal communication). This highly ampli-
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Table 2. Clinical data of cases of CML monocytic crisis in the literatures
Ref. Age/  Year Cyto- Surface antigen Lyso- Karyotype at the time of BC Therapy Extra-
No. Sex of chemistry zyme prior to medulary
onset BC disease
7 38/M 1973  MPO(+) N.D. N.D. N.D. BU N.D.
a-NB(+)
ASD(+)
8 26M 1978 MPO(-)  N.D. ND. 54, XY, 43, +6, +7, +8, +19, 421, 1(9;22)(q34:q11), BU liver
a-NB(+) +der(22)t(9;22)(q34;q11), +der(22)t(9;22)
(q34;q11)[5]
9 22/M 1978 MPO(+-)  Feg(+) 35.6 1(9;22) BU, 6-MP, liver, LN,
a-NB(+) OKMI(+) ACNU, kidney,
ASD(+-) VCR, adrenal
DNR
10 69/M 1979 MPO(+-)  OKMI(+), 4F2(+), N.D.  Double Ph[13/21] BU, HU liver
a-NB(+)  OKIA(+), OKT10(+)
ASD(-)
11 56/F ND. MPO(+) ND. ND. 62, XX, +1, 42, +3, 45, +6, +8, +der(9), +10, BU, 6-MP N.D.
a-NB(+) +der(11), +13, +16, +17, +18, +19, +21, -22,
+del(22)(ql1), [5]/46, XX, t(9;11;22)(p13;p15;q11)
[20]
12 72/F 1981 &-NB(+)  N.D. 460 47XX, 1(9;22)(q34:q11), +8, del(11) [11]/48, BU pleural
XX, 1(9;22)(q34;q11), t(9;22)(q34;q11)[42] effusion
13 17/F 1982 MPO(+)  CDI3(+), CD14(+), 203 50, XX, +8, 49, +19, 1(9;22)(q34;q1 1), +der(22)  BU liver, LN,
a-NB(+)  CD33(+), CD36(+) 1(9:22)(q34:q11) skin
ASD(+)
14 62/F 1987  MPO(+) CD13(+), CD14(+), 63 N.D. ranimustin ~ lung
aNB(+)  CD36(+)
MPO(-)  CDI3(4), ) , » .
15 63/F 1984 4-NB(+) CD33(+), CDA(*), <20 ﬁq();lfgj XX, (9;22)(q34;q11), +additional abnor- none rib
ASD(-)  CDI4(-)
16 63/F 1990 MPO(+)  CDI3(+), CD33(+) 31 48, +13, del(13)(q?) x2, +18, der(22) t(9;22) IFN none
a-NB(+) (q34;q11)
17 69/F 1998 N.D. CD68(+), CD45(+), ND.  1(9;22:22)(q34:931:q13) IFN, HU  sacrum
CD34(+), lysozyme(+)
Our 47M 2005 MPO(-)  CDA4(+), CD14(+), 180 53, X, Y, +1, 43, +6, +8, 8, 1(9:22)(q34:q11.2), HU, liver, skin
case a-NB(+) CD33(+), CD64(+), +13, =17, +19, add(19)(q13), +21, +der(22)t(9;22) imatinib,
ASD(-)  CD34(+), CDI13(-) [5], 55, idem, +18, +21[6], 58, idem, +2, i(8)(q10), nilotinib,
+17, +18, +18, +21, [2] dasatinib

Abbreviations: BC, blastic crisis; lysozyme, serum lysozyme (ug/ml); MPO, myeloperoxidase; «-NB, alpha-naphthylbutyrate BU, busulfan; 6-MP, mercapto-
purine; ACNU, nimustine; DNR, Daunorubicin; VCR, vincristin; IFN, interferon; ASD, naphthol ASD chloroacetate; HU, hydroxyurea; N.D., not described;

fied ber-abl may have contributed to the genomic instability
in the present patient. The loss of 17p due to —17, which was
observed in the karyotype at the time of blast crisis in the
present patient might have diminished the function of the p53
gene and subsequently enhanced the progression of CML.?!
In relation to possible bcr-abl-caused genetic evolution,
blast crisis is often associated with additional cytogenetic and
secondary molecular changes that contribute to the enhanced
proliferation and survival, as well as differentiation arrest, of
CML cells.?> With the transition from CML chronic phase to
blast crisis, 60% to 80% of patients acquire chromosomal
changes in addition to the Ph chromosome.?* The most com-
mon changes include double Ph chromosome, trisomy 8, tri-
somy 19, and isochromosome 17.2* Previous cases of mono-
cytic crisis also showed chromosomal abnormalities involving
chromosomes 8, 19, and 22, as observed in the present case ;
however, these abnormalities are not specifically restricted to
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monocytic crisis. Of interest, the karyotype at the time of
blast crisis was quite different from that during the acceler-
ated phase in the present patient (Fig. 2); the karyotype
during the crisis was hyperdiploid with 53 to 58 chromosomes
and contained many trisomies and some monosomies. As a
speculation for the mechanism of hyperdiploid change, pre-
vious treatment with hydroxyurea may have contributed to the
development of chromosomal abnormalities because a review
regarding cytogenetic evolution in CML? indicated a close
relationship between previous treatment with hydroxyurea or
busulfan and hyperdiploid changes with+8, +Ph, i(17q), +19,
+21, +17, =7, or —17 during the advanced stage of CML,
many of which were present in the karyotype during the crisis
in the present patient. Therefore, previous hydroxyurea treat-
ment and bcr-abl amplification might have caused multi-step
molecular genetic evolution resulting in the hyperdiploid tu-
mor cells from the period of accelerated phase to that of blast
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crisis in the present patient.

Resistance of CML cells to TKIs is induced by several
mechanisms and is frequently associated with a specific point
mutation in the bcr-abl kinase domain.?* There have been
several reports regarding other mechanisms of resistance, in-
cluding the amplification of bcr-abl, over-expression of the
multidrug resistance P-glycoprotein, and activation of alterna-
tive signaling pathways, such as those involving the Src fam-
ily kinases, Ras, phosphatidylinositol 3-kinase, Janus kinase,
and the signal transducer and activator of transcription.?
CML cells in the present patient apparently showed resistance
to imatinib and dasatinib, although the exact efficacy and
resistance were unclear because of poor adherence to each
treatment. Nevertheless, no known and available bcr-abl
point mutation was detected at any phase of CML. The
amplification of bcr-abl as observed in the established cell
line, therefore, may have contributed to the resistance to ima-
tinib in the present patient.

After the onset of blast crisis, we treated the present
patient with nilotinib, which had brought about CHR in the
chronic phase of CML. The efficacy of nilotinib for CML in
the accelerated phase or blast crisis may have been
established.’®?’ This agent suppressed the proliferation of
leukemic cells in the peripheral blood for a long time in the
present patient, although normal hematopoiesis hardly recov-
ered, and focally residual leukemic cells were present in the
bone marrow, liver, and spleen. Extensive bone marrow ne-
crosis observed during the period of severe leucopenia under
the treatment with nilotinib may have contributed to the re-
covery failure of normal hematopoiesis. Bone marrow ne-
crosis in CML has been reported in at least 14 patients, most
of whom were in the blastic phase.?® The necrosis results
from cellular hypoxia due to ischemia of marrow microcircu-
lation as a consequence of inflammatory damage or mechani-
cal obstruction.?’ Bone marrow necrosis has also been associ-
ated with the use of imatinib mesylate.”®! These reports
suggest that overgrowth of leukemic cells during blast crisis
of CML causes failure of the microcirculation. Thus, the
causative role of nilotinib in bone marrow necrosis should be
investigated in patients with CML blast crisis in future.

DISCLOSURE

We have no conflicts of interest with regard to any com-
panies or individuals.

REFERENCES

1 Nowell PC, Hungerford DA: Chromosome studies in human leu-
kemia. II. Chronic granulocytic leukemia. J Natl Cancer Inst
27:1013-1035, 1961

2 Spiers AS: The clinical features of chronic granulocytic leukae-
mia. Clin Haematol 6:77-95, 1977

232

10

11

12

13

14

15

16

Kurzrock R, Gutterman JU, Talpaz M: The molecular genetics of
Philadelphia chromosome-positive leukemias. N Engl J Med
319:990-998, 1988

O’Brien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M, et
al.: Imatinib compared with interferon and low-dose cytarabine
for newly diagnosed chronic-phase chronic myeloid leukemia. N
Engl J Med 348:994-1004, 2003

Roy L, Guilhot J, Krahnke T, Guerci-Bresler A, Druker BJ, et al.:
Survival advantage from imatinib compared with the combination
interferon-a plus cytarabine in chronic-phase chronic myeloge-
nous leukemia: Historical comparison between two phase 3 trials.
Blood 108:1478-1484, 2006

Marin D, Milojkovic D, Olavarria E, Khorashad JS, de Lavallade
H, et al.: European LeukemiaNet criteria for failure or suboptimal
response reliably identify patients with CML in early chronic
phase treated with imatinib whose eventual outcome is poor.
Blood 112:4437-4444, 2008

Leder LD, Mischke W, Garbrecht M, Stolzenbach G: Terminal Ph
1-positive monocytic crisis in chronic myeloid leukemia providing
evidence for the promyelocytic origin of monocytes. Klin
Wochenschr 57:237-242, 1979

Ondreyco SM, Kjeldsberg CR, Fineman RM, Vaninetti S, Kushner
JP: Monoblastic transformation in chronic myelogenous leuke-
mia: Presentation with massive hepatic involvement. Cancer
48:957-963, 1981

Fujii H, Seki S, Misawa S, Sonoda Y, Kita K: Ph-1 positive
chronic myelogenous leukemia with simultaneous erythroblastic
and monoblastic transformation. Nihon Ketsueki Gakkai Zasshi
46:1056-1069, 1983 (in Japanese)

Cuneo A, Barbieri D, Ferraresi P, Castoldi GL: A case of chronic
myelogenous leukemia with 11qg- in blast crisis with monoblastic
differentiation. Nouv Rev Fr Hematol 27:389-391, 1985

Yao E, Sadamori N, Tomonaga Y, Matsunaga M, Tagawa M, et
al.: A new complex translocation in chronic myelogenous leuke-
mia with monoblastic crisis. Cancer Genet Cytogenet 19:357-359,
1986

Buonanno G, Pandolfi F, Valente A, Napolitano M, Cafaro A, et
al.: Monocytic blast cell crisis and IgG-A monoclonal gammop-
athy in a ph'* chronic myelogenous leukemia. Report of a case.
Haematologica 71:489-492, 1986

Sugita K, Nakazawa S, Mori T, Nishino K, Abe T, et al.:
Monocytic crisis in chronic myeloid leukemia: A case report.
Rinsho Ketsueki 30:376-381, 1989 (in Japanese)

Yamauchi K, Nagao T, Yamazaki H: Leukemic pneumonitis in
monocytic crisis of chronic myelogenous leukemia. Am J Hematol
37:286-287, 1991

Harigae H, Nomura J, Furuyama K, Shishido T, Okuda M, et al.:
A case of monoblastic crisis of CML beginning with extramedul-
lary tumor formation in a rib. Rinsho Ketsueki 33:806-810, 1992
(in japanese)

Wakimoto N, Yokoyama A, Mukai Y, Kuwada N, Yamashita T, et
al.: Elevated expression of differentiation inhibitory factor nm 23
mRNA in monoblastic crisis of a patient with chronic myeloge-



17

18

19

20

21

22

23

24

nous leukemia. Int J Hematol 67:313-318, 1998

Abdelmoula NB, Van den Akker J, Portnoi MF, Perot C,
Taillemite JL: A variant translacation (9;22;22) with local extra-
medullary monoblastic transformation in CML. Cancer Genet
Cytogenet 123:69-70, 2000

Marin D, Bazeos A, Mahon FX, Eloasson L, Milojkovic D, et al.:
Adherence is the critical factor for achieving molecular responses
in patients with chronic myeloid leukemia who achieve complete
cytogenetic resonses on imatinib. J Clin Oncol 28:2381-2388,
2010

Ibrahim AR, Eliasson L, Apperley JF, Milojkovic D, Bua M, et
al.: Poor adherence is the main reason for loss of CCyR andimati-
nib failure for chronic myeloid leukemia patients on long-term
therapy. Blood 117:3733-3736, 2011

Melo JV, Deininger MW: Biology of chronic myelogenous
leukemia-signaling pathways of initiation and transformation.
Hematol Oncol Clin North Am 18:545-568, 2004

Johansson B, Fioretos T, Mitelman F: Cytogenetic and molecular
genetic evolution of chronic myeloid keukemia. Acta Haematol
107:76-94, 2002

Calabretta B, Perrotti D: The biology of CML blast crisis. Blood
103:4010-4022, 2004

Karbasian Esfahani M, Morris EL, Dutcher JP, Wiernik PH:
Blastic phase of chronic myelogenous leukemia. Curr Treat
Options Oncol 7:189-199, 2006

O’Hare T, Eide CA, Deininger MW: Bcr-Abl kinase domain mu-
tations, drug resistance, and the road to a cure for chronic myeloid

233

25

26

27

28

29

30

31

Monocytic crisis of CML in the TKI era

leukemia. Blood 110:2242-2249, 2007

Bixby D, Talpaz M: Mechanisms of resistance to tyrosine kinase
inhibitors in chronic myeloid leukemia and recent therapeutic
strategies to overcome resistance. Hematology Am Soc Hematol
Educ Program 461-476, 2009

Giles FJ, Kantarjian HM, le Coutre PD, Baccarani M, Mahon FX,
et al.: Nilotinib is effective in imatinib-resistant or -intolerant
patients with chronic myeloid leukemia in blastic phase. Leukemia
26:959-962, 2012

le Coutre PD, Giles FJ, Hochhaus A, Apperley JF, Ossenkoppele
GlJ, et al.: Nilotinib in patients with Ph* chronic myeloid leuke-
mia in accelerated phase following imatinib resistance or intoler-
ance: 24-month follow-up results. Leukemia 26:1189-1194, 2012
Noguchi M, Oshimi K: Extensive bone marrow necrosis and
symptomatic hypercalcemia in B cell blastic transformation of
chronic myeloid leukemia: Report of a case and review of the
literature. Acta Haematol 118:111-116, 2007

Burton C, Azzi A, Kerridge I: Adverse events after imatinib me-
sylate therapy. N Engl J Med 346:712-713, 2002

Campiotti L, Codari R, Appio L, Ultori C, Solbiati F, ef al.: Bone
marrow necrosis related to imatinib mesylate therapy for cml
bilineal blast crisis. Leuk Res 31:1768-1770, 2007

Tamura T, Tasaka T, Fujimoto M, Matsuhashi Y, Fukumot T, et
al.: Massive bone marrow necrosis in a patient with chronic mye-
locytic leukemia following imatinib mesylate therapy.
Haematologica 89:ECR32, 2004



