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ABSTRACT

Clonal cytogenetic aberrations of the Philadelphia chromosome (Ph) positive
hematopoiesis have been associated with the natural evolution of chronic myeloid
leukemia (CML) to advanced disease. Clonal aberrations of Ph negative metaphases
have been described after treatment with interferon or imatinib. This study evaluates
the effect of dasatinib on Ph positive clones with additional cytogenetic aberrations
and the frequency of novel aberrations in Ph positive and negative metaphases.
Seventy-one patients treated with dasatinib after imatinib failure for a median of nine
months were evaluated. Novel aberrations within Ph positive and negative clones

appeared in six and three patients, respectively.
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hronic myeloid leukemia (CML) is a
( clonal hematologic disorder character-

ized by the translocation t(9;22)
(934;q11), resulting in the Philadelphia chro-
mosome (Ph) and the bcr-abl fusion gene. This
gene encodes a chimeric BCR-ABL fusion pro-
tein with deregulated tyrosine kinase activity
that is required for maintaining the malignant
phenotype.' The use of targeted therapies has
significantly improved the treatment of CML.
Imatinib (Glivec®), a selective inhibitor of the
BCR-ABL tyrosine kinase achieved major or
complete cytogenetic remissions (MCR or
CCR) in 60% of CML patients who were
intolerant or refractory to prior IEN therapy
and up to 87% in newly diagnosed patients.””
But the accumulation of point mutations in
the ABL kinase domain of BCR-ABL leading to
clinical resistance to the drug has become a
major problem.* Clonal cytogenetic aberra-
tions of the Ph positive hematopoiesis have
been associated with the natural evolution of
CML to advanced disease and also seem to
play a role in imatinib resistance in CML
patients. Clonal changes of Ph negative
metaphases have been described after treat-

ment with interferon alpha or imatinib in a
minority of patients with cytogenetic
response. Conflicting data suggest the selec-
tion of pre-existing clones indicating that
residual Ph negative hematopoiesis co-exists
with the malignant clone vs. induction of ane-
uploidy by tyrosine kinase inhibitors.*®
Therefore, the prognostic impact of aberra-
tions in the Ph negative hematopoiesis must
still be clarified. Dasatinib (formerly BMS-
354825) is an ATP-competitive dual SRC/ABL
kinase inhibitor showing antiproliferative
activity against hematologic tumor cell lines
that can bind to both active and inactive con-
formations of the respective kinase domains.
Itis, therefore, effective against most imatinib-
resistant forms of BCR-ABL. Inhibition of
other SRC-family members and activity
against ¢-KIT and PDGFRp were also demon-
strated.”® The efficacy and safety of dasatinib
has been demonstrated in patients with Ph
positive CML after failure of imatinib thera-
py.”"However, little is known about the long-
term efficacy and toxicity of dasatinib treat-
ment. In contrast to patient treated with ima-
tinib or [EN" no clonal evolution in Ph positive
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Table 1. Patient’s data.

Patient characteristics n=r1
Clinical data

Median age (years) at start of dasatinib (range) 58 (28-78)

% male 56.3
Previous CML therapy, n (%)

Imatinib 8(11.3)
Imatinib, AraC 1(1.4)
Imatinib, HU 11 (15.5)
Imatinib, IFN 11 (15.5)
Imatinib, HU, IFN 30 (42.3)
Imatinib, HU, IFN, AraC 5(7)
Imatinib, HU, IFN, AraC , Nilotinib 2(2.8)
Imatinib, IFN, AraC 1(1.4)
Imatinib, HU, AraC 2(2.8)
Median follow-up of all patients, months (range) 73 (14-231)
Median follow-up of dasatinib therapy, months (range) 8.6 (1-16)
Time from diagnosis to dasatinib, months (range) 59 (6-216)
Cytogenetic CpP AP BC
response (n=50) (%) (n=6) (%) (n=15) (%)
Complete 22 (44) 0 4(27)
Major 7(14) 0 0
Normal karyotype prior to dasatinib 4(8) 0 3(20)
t(9;22) as sole change prior to dasatinib 38 (76) 1 (17) 3(20)
Additional changes in Ph+ cells prior 8 (16) 5(83) 9 (60)
to dasatinib

Additional changes in Ph- cells prior 2(4) 0 0
to dasatinib

Clonal evolution in Ph+ cells on dasatinib 4 (8) 0 2(13)
Clonal aberration in Ph- cells on dasatinib 3 (6) 0 0

n: number; AraC: cytosine arabinoside; HU: hydroxyurea; IEN: interferon o4
CP: chronic phase; AP: accelerated phase; BC: blast crisis; CML: chronic myeloid
leukemia.

cells and no clonal abnormalities in BCR-ABL negative cells
are documented so far. This study, therefore, describes the
effect of dasatinib on Ph positive clones with additional
cytogenetic aberrations and the frequency of novel aberra-
tions in Ph positive and Ph negative metaphases during
therapy. In primary human cells dasatinib induced centro-
some defects and delay of spindle formations.” The influ-
ence on the hematopoietic cells of CML patients was,
therefore, of major interest.

Design and Methods

Patient characteristics

Seventy-one patients with Ph and BCR-ABL positive
CML after imatinib failure were investigated. Median age
was 58 years (range 28-78), medium time from diagnosis
73 months (range 14-231) and time from diagnosis to dasa-
tinib treatment 59 months (range 6-216). Patients were in
chronic phase (CP, n=50), accelerated phase (AP, n=0),
myeloid (my, n=8) or lymphoid (ly, n=7) blast crisis (BC)
according to standard definitions.* Dasatinib therapy was
started at a dose of 100-140 mg/day (2x50 mg/day or 2x70
mg/day). Pre-treatment for the 71 patients consisted of
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imatinib, HU (n=48), IEN (n=49), cytosine arabinoside
(AraC, n=11) and nilotinib (n=2) alone or in combination.
Median duration of dasatinib therapy was nine months
(range 1-16). Dasatinib was stopped due to progressive dis-
ease in four, and because of hematologic toxicity in three
patients. Five patients received allogeneic stem cell trans-
plantation (SCT). One died after SCT, four patients devel-
oped resistance, and five died while receiving dasatinib
(from myBC) (Table 1).

Cytogenetic analysis

Cytogenetic analyses of bone marrow (BM) were made
and interpreted according to the International System for
Human Cytogenetic Nomenclature.”™ Data at onset of
dasatinib treatment and at least one follow-up were avail-
able for each patient. Complete cytogenetic response
(CCR) was defined as 0% major cytogenetic response
(MCR) as 1-35%, minor cytogenetic response as 36-95%,
and no response as 96-100% of Ph positive metaphases.
Prior to dasatinib therapy, 41 patients showed a standard,
and one a variant, Ph translocation (59%). Twenty-two
patients (31%) demonstrated additional chromosomal
aberrations in the Ph positive clone. In seven patients, a
normal karyotype was observed prior to dasatinib treat-
ment (Table 1). Two Ph positive patients (3%) had trisomy
8 as an aberration of the Ph negative clone at baseline
(Patients #6 and #20, Table 2). Clinical and cytogenetic data
of 30 CML patients with additional chromosomal changes
in Ph positive and Ph negative metaphases prior to and
during dasatinib therapy are presented in Table 2. Medium
time from diagnosis to dasatinib therapy was 72 months
(range 10-216). Patients with no cytogenetic evolution at
all (41 patients) are not shown.

Results and Discussion

Cytogenetics

During dasatinib therapy, seven patients (10%) achieved
a major cytogenetic remission and 26 (37 %) a CCR. Out of
the 22 patients with clonal evolution, one (5%) achieved
major cytogenetic remissions and two (9%) a CCR.

Clonal chromosomal evolution

Novel aberrations of the Ph positive clone appeared
during dasatinib treatment in six patients (8%) between
one to 16 months after start of therapy including one case
with t(3;22)(q21;q11), one with +idic(22)(p11) and two
cases with +8. Two cases with two or more aberrations
were observed (inv(3)(q21q26), monosomy 7 and
i(17)(q10) in the first and +4,+12,+13,+21 in the second).
In patients #22 and #23 the proportion of Ph positive cells
with additional aberrations increased with time and
patient #22 developed a myeloid BC under treatment.
The remaining four patients showed no change or reduc-
tion of aberrant cells over time. No or only minor cytoge-
netic response was observed (Table 2). Time from diagno-
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Table 2. Clinical and cytogenetic data of chronic myeloid leukemia patients with additional chromosomal changes in Ph+ and Ph- metaphases

prior to and during dasatinib (D) therapy.

No. Sex Age Treatment  Disease D Ph+ cells with and without additional Ph- cells prior New add New add  Cytogenetic
[vears] prior to D stage treatment aberrations and normal metaphases prior toD aberrations changes response
[mo] to D [No of metaphases] [No of during D during D
metaphases] in Ph+ cells in Ph- cells
{No of cells} {No of cells}
[emergence mo]  [emergence mo]

1 M 66 IFN,| AP 14 46,XY,4(9;22)[3]/46,XY,inv(3),t(9;22)[22] No No No
2 F 69 IN/HU/I AP 12 46,XX(9;22)[7]/47,XX,t(9;22),+der(22)[18] No No No
3 F 65 HU/I myBC 9 46,XX,(9;22)[5]/47 XX, +8,t(9;22)[16] No No No
4 M 65 IFN/HU/I myBC 12 47XY+8,4(9;22),i(17q)[13] No No No
5 F 61 HU/IFN/I Cp 16 46,XX,der(9)t(9;22),ider(22)t(9;22)[1]/46,XX[24] No No Co
6 M 41 HU/I/IFN Cp 15 46,XY,1(9;22)[12]/46,XY[11] +8[2] No No Co
7 M 47 IN/I CpP 13 46,XY,(9;22)[5]/47 XY,1(9;22),+der(22)[11]/46,XY[9] No No MIN
8§ M 311 lyBC 14 46, XY,(9;22)[7]/47 XY,t(9;22),der(19)t(8;19),+der(22)[5]/

50,XY,+8,t(9;22),+15,+19,del(20q),+der(22)[3]/46,XY[10] No No Co
9 M 67 HU/I Cp 7 46,XY,t(9;22)[10]/46,XY,t(9;22),dup(16p)[15] No No MAJ
10 F 62 HU/I/AraC CpP 6 46,XXt(9;22)[18]/47 XX,+8,1(9;22)[1]/46,XX[1] No No MIN
11 M 63 HU/IFN/I cp 4 A6,XY,1(9;22)[24]/47 XX, +8,1(9;22)[1] No No MIN
12 M 47 | CpP 2 46,XY,t(9;22)[16]/47 XY, +4,£(9;22)[3]/46,XY[1] No No No
13 F 38 HU/IFN/I myBC 3 46,XX,t(9;22)[3]/46,XX,t(3;21),4(9;22)[1] No No No
14 F 76 HU/IFN/I myBC 4 46,XX,t(9;22)[22]/46,XX,dup(1q),t(9;22)[2] No No No
15 M 69 HU/IFN/I/AraC AP 2 46.XY,t(9;22)[171/47 XY,1(9;22),+der(22)[3] No No No
16 F 55 | AP 5 46,XX,der(9)t(9;22)del(9q)del(22q),der(22)t(9;22)[1]/ No No No

46,XX,idem,ins(5;12)[8]/46,XX[2]
17 M 36 IFN/HU/I AP 3 ATXY,4(9;22),+der(22)[6]47 XX, +8,t(9;22)[1] No No No
18 M 72 HU/IFN/I cp 3 46,XY,1(9;22)[22]/48 XY, +8,1(9;22),+der(22)[3] No No No
19 F 73 IFN/HU/I myBC 3 46,XXt(9;22)[9]/48 X,-X,+6,-7,1(9;22),+11,+17,+der(22)[4] No No No
20 M 52 | cp 4 46,XY,1(9;22)[10]/45,X,-Y,t(9;22)[8]/46,XY[2] +8[2] No No MIN
21 M 58 | BC 3 50,XY,(3;21),t(9;22),+8,+8,+12,+der(22)[5] /51-52,XY,idem, No No No

-12,+9,+der(22)[13]/46,XY[1]
22 M 44 Hu/l cpP 11 46,XY,4(9;22)[20]/46,XY[5] inv(3),-7,i(17){12}[6]  No No
23 M 64 HU/IEN/I cp 15 46,XYt(9;22)[23] 1(3;22){3}16] No MIN
24 M 58 HU/I/AraC myBC 3 49XY,+8,1(9;22;12),i(17q),+19,+der(22)[14]/50,XY,idem,+8[7] +8{7}[1] No
No
25 M 47 IFN/HU/I/AraC/N  IyBC 3 46XY,4(9;22)[15]/47 XY,+9,¢(9;22)[5] +4,+12,+13,+21{8}[1] No No
26 F 55 IFN/HU/I/AraC  CP 16 46,XX,t(9;22)[25] +8{2}[16] No No
27 M 59 HU/IFN/I CpP 12 46,XY,4(9;22)[25] +idic(22){10}[2] No No
28 F 66 IFN/HU/I cp 16 46,XX,t(9;22)[25] No +8{1}2] CO
29 M 61 IFN/I cpP 14 46,XY,4(9;22)[25] No +8{10}[12] MAJ
30 M 46 HU/I cp 6 46,XY,t(9;22)[23]/46,XY[2] No +8{(1}[3] MAJ

Add: additional; No: number of patients; F: female; M: male; CP: chronic phase; AP: accelerated phase; my,/lyBC: myeloid or lymphoid blast crisis; HU: bydroxyurea; IFN: inter-
feron o5 AraC: cytosine arabinoside; I: imatinib; D: dasatinib; N: nilotinib; mo.: month; Ph+ /Ph-: Philadelphia positive/negative clone. CO: complete; MIN: minor; MAJ: major.

sis to dasatinib treatment was 81 months (range 22-124).
Ph chromosome independent clonal evolution was identi-
fied in three patients (4%), two with major (patients #29
and #30) and one with complete cytogenetic response
(patient #28) (Table 2). All patients showed trisomy 8 in
the Ph negative metaphases and did not show any other
chromosomal aberrations other than t(9;22).

Two Ph positive patients displayed trisomy 8 in Ph
negative metaphases after imatinib failure prior to dasa-
tinib treatment. No increase in Ph negative clones on
dasatinib was observed after periods of four or 15
months treatment.

In total, 5 out of 71 patients (7 %) showed clonal aber-
rations of Ph negative metaphases after consecutive ima-
tinib/dasatinib therapies. None of these patients had
morphological evidence for secondary neoplastic
changes. After a median follow-up of nine months, four
dasatinib treated patients showed resistance and three
were intolerant to the drug. Six patients died during ther-
apy, five of them in BC and one in CP after SCT.
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In seventy-one dasatinib treated CML patients CCR of
37% and MCR of 10% were achieved after a median
treatment duration of nine months. Dasatinib showed a
benefit for patients resistant to or intolerant of a prior
imatinib therapy.®" Moreover, dasatinib was efficacious
in patients with clonal cytogenetic aberrations that con-
cur with BCR-ABL independent imatinib resistance.

New additional chromosome aberrations in Ph positive
metaphases were observed in six patients (8.5%). None of
them achieved any cytogenetic response. The frequency of
additional aberrations on dasatinib is comparable to those
of patients treated with imatinib (9.3 %)™ and with
untreated patients (8.8%)."® The observed abnormalities
were common secondary changes frequently observed in
CML during CP, AP, or BC after treatment with imatinib or
IEN or even in untreated patients 12 and could be due to
the natural history of the disease.

Furthermore, a significant minority of patients (4.2%)
demonstrated novel aberrations in Ph negative cells on
dasatinib treatment during the observation period. Three



patients pre-treated with hydroxyurea, imatinib, and IFN
up-front showed trisomy 8 in their Ph negative cells
(patients #28, #29, and #30). The incidence is comparable
to that after IFN or imatinib therapies (2-17%).* Since
clonal chromosome aberrations in Ph negative cells are
mainly numerical, at least after imatinib treatment,”
these findings suggest a causative role of imatinib or
dasatinib or prior chemotherapy in the emergence of
clonal evolution or reflect genomic instability of the
hematopoietic cells of CML patients. Ph negative evolu-
tion could also be due to selective pressure by imatinib
or dasatinib on Ph positive clones, allowing pre-existing
Ph negative clones to predominate. However, only a few
cases with trisomy 8 in Ph positive and negative
metaphases have been reported so far.®* In conclusion,
dasatinib is efficient in patients resistant to or intolerant
of imatinib. The incidence and quality of aberrations
occurring in Ph positive cells during dasatinib treatment
are comparable to those observed in clonal evolution
during the natural course of CML or during treatment
with other drugs. The prevalence of aberrations in Ph
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negative cells under dasatinib is low. Despite the inhibi-
tion of both ABL and SRC tyrosine kinases, no specific
cytogenetic drug pattern for dasatinib could be detected
and no secondary neoplastic diseases were observed
after a short observation period.

Since numerical aberrations are frequent and recurrent in
myeloid diseases, cytogenetic monitoring of patients with
chromosomal changes in Ph negative cells is suggested.”

However, the wide variety of cases in regards to phases
and types of disease, length of time from diagnosis to dasa-
tinib treatment and short duration of dasatinib therapy
allows only reduced valuation.

Authors’ Contributions

AF: principal investigator with primary responsibility for the
publication. CH, MCM, PE, TL, MG, OF WS, RH and AH:
conttibuted to the design of the study, to the work and to the inter-
pretation of the results. All authors checked the final version of the
manuscript.

Conflict of interest
The author reported no potential conflicts of interest.

ity in preclinical assays. ] Med Chem

and quantitative PCR for diagnosis

References 2004;47:6658-61. and follow-up in chronic myeloid
8. Shah NP, Tran C, Lee FY, Chen P, leukemia: a study on 350 cases.

1. Sawyers CL. Chronic myeloid Norris D, Sawyers CL. Overridin, Leukemia 2002;16:53-9.
leukemia. N Engl ] Med 1999; 340: imatinib resistance with a novel Abl {5 [SCN 2005. An International System
1330-40. kinase inhibitor. Science 2004; 305: for Human Cytogenetic Nomen-

2. Kantarjian H, Sawyers CL, Hochhaus 399-401.

g ; . .. clature (2005). Shaffer LG, Tommerup
A, Guilhot E Schiffer C, Gambacorti- 9. Talpaz M, Shah NP, Kantarjian H, N Editors. S. Kareer: Basel. 2005
Passerini C, et al. Hematologic and Donato N, Nicoll ], Paquette R, et al. 16. Sokal JE Ga gG’A Bac i M
cytogenetic responses to imatinib Dasatinib  in  imatinib-resistant .To aS &l okmezBD fo accaramP !
mesylate in chronic myelogenous Philadelphia chromosome-positive ura o, Llarkson b, Lervantes t et
leukemia. The International STI571 leukemias. N Engl ] Med 2006; 354: al. Prognostic mgmﬁcancg ‘?f addm_on—
CML Study Group. N Engl ] Med 2532-41. al cytogenetic abnor}nahtles at diag-
2002;346:645-52. 10. Cortes ], Rousselot P, Kim DW, nosis of Philadelphia chromosome-

3. Hochhaus A, Kreil S, Corbin A, La Ritchie E, Hammerschlak N, Coutre positive  chronic  granulocytic
Rosée P, Lahaye T, Berger U, et al S, et al. Dasatinib induces complete leukemia. Blood 1988;72:294-8.
Roots of clinical resistance to STI571 hematologic and cytogenetic respons- ~ 17. Terre C, Eclache V, Rousselot P,
cancer therapy. Science 2001; 293: es in patients with imatinib-resistant Imbert M, Charrin C, Gervais C, et al.
2163a[abstract]. or -intolerant chronic myeloid France Intergroupe pour la Leukemie

4. Lahaye T, Riehm B, Berger U, Paschka leukemia in blast crisis. Blood Myeloide Chronique. Report of 34
P, Muller MC, Kreil S, et al. Response 2007;109:3207-13. patients with clonal chromosomal
and resistance in 300 patients with ~ 11. Hochhaus A, Kantarjian H, Baccarani abnormalities in Philadelphia-nega-
BCR-ABL-positive leukemias treated M, Lipton JH, Apperley JE Druker BJ, tive cells during imatinib treatment of
with imatinib in a single center. et al. Dasatinib induces notable Philadelphia- gsitive chronic myeloid
Cancer 2005;103:1659-69. hematologic and cytogenetic respons- leuk P L pk : 2004‘18‘18}4]10 p;

5. Bacher U, Hochhaus A, Berger U, es in chronic phase c%nronic myeloid cu efma- ? e?ua o ey
Hiddemann W, Hehlmann R, leukemia after failure of imatinib 18 Casali M, Truglio £ Milone G, Di
Haferlach T, et al. Clonal aberrations therapy. Blood 2007; 109:2303-9. Raimondo F, Parrinello G, Maserati E,
in Philadelphia chromosome negative ~ 12. Schoch C, Haferlach T, Kern W, et al. Trisomy 8 in Phl.ladelphla‘ chro-
hematopoiesis in patients with chron- Schnittger S, Berger U, Hehlmann R, mosome (Ph1)- negative cells in the
ic myeloid leukemia treated with et al. Occurence of additional chro- course of Ph1-positive chronic myelo-
imatinib or interferon a. Leukemia mosome aberrations in chronic cytic leukemia. Genes Chromosomes
2005;19:460-3. myeloid leukemia patients treated Cancer 1992;4:269-70.

6. Bumm T, Miiller C, Al-Ali HK, Krohn with imatinib mesylate. Leukemia  19. Bilhou-Nabera C, Marit G, Devianne
K, Shepherd P, Schmidt E, et al. 2008,17461—3 L Viard E Salzes S, Montastruc M, et
Emergence of clonal cytogenetic  13. Fabarius A, Giehl M, Krdmer A, Frank al. A second case of trisomy 8 in
abnormalities in Ph- cells in some O, Miller MC, Duesberg P, et al. Philadelphia chromosome (Ph)-nega-
CML patients in cytogenetic remis- Centrosome aberrations disturbed tive cells during the course of Ph-pos-
sion to imatinib but restoration of mitotic spindle formation and Gl o hroni locvtic leukemi
polyclonal hematopoiesis in the arrest in normal and leukemic cells l(glzsesc(:ﬁrgr;orsr;ﬁeosczggce?i969%1-121
majority. Blood 2003;101:1941-9. treated with the SRC/ABL inhibitor 255-6 T

7. Lombardo 1], Lee FY, Chen P, Norris dasatinib. Blood 108, ASH Annual 20. K C K . H Garci
D, Barrish JC, Behnia K, et al Meeting Abstracts. Part 1:614a-615a, - Kovitz &, Kantarjian H, Garcia-
Discovery of N-(2-Chloro-6-methyl- 2006 [Abstract]. Manero G, Abruzzo LV, Cortes J.
phenyl)-2-(6-(4-(2-hydroxyethyl)-  14. Schoch C, Schnittger S, Bursch S, Myelodysplastic  syndromes and

piperazin-1-yl)-2-methylpyrimidin-4-
lamino)thiazole-5-carboxamide
(BMS-354825), a dual Src-Abl kinase

inhibitor with potent antitumor activ-

Gerstner D, Hochhaus A, Berger U, et
al. Comparison of chromosome
banding analyses, interphase- and
hypermetaphase-FISH, qualitative

acute leukemia developing after ima-
tinib mesylate therapy for chronic
myeloid leukemia. Blood 2006; 108:
2811-3.

haematologica/the hematology journal | 2007; 92(06) | 837 |



