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Summary

With introduction of the tyrosine kinase inhibitor (TKI)
imatinib, the treatment strategy of CML has profoundly
changed. TKIs became the first-line treatment of choice
for CML competing with allogeneic hematopoietic stem
cell transplantation (HCT). Variables to be considered
in choosing TKIs for first-line therapy are as follows:
conventional risk score; cytogenetic findings with ma-
jor-route additional chromosomal aberrations (ACA)
at diagnosis, and high-risk ACA in the course of CML;
comorbidities; treatment costs. In cases of refractoriness
to imatinib, the 2™ line treatment options are: clinical
response milestones; adherence to therapy; resistance
mutations; clonal evolution; therapy intolerance; drug
safety; health care setting.

CML Study IV, a randomized treatment study concern-
ing imatinib dose optimization and combined therapy
with imatinib and cytarabine or interferon a included
1551 newly diagnosed patients in chronic phase. The key
outcome was no superiority of survival of any treatment
option. Imatinib 400 mg provides close to normal life
expectancy in chronic-phase CML patients.

Introduction

The only curative treatment for chronic myeloid leukemia
(CML) was previously allogenous hemopoietic cell trans-
plantation (HCT) [1]. With the introduction of the tyrosine
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Survival is independent of time to response. Outcome
of CML is currently more determined by disease and
patients’ factors, e.g., comorbidities and smoking, and
by center effects than by initial treatment selection. A
comparison of long-term survival after HCT or imati-
nib treatment showed that low risk patients had similar
survival with both options. Attempts at improving treat-
ment should focus on subgroups of refractory disease
e.g. by HCT, and on non-CML determinants of survival.
After progression to blast crisis, HCT did not provide a
significant survival advantage, although a special study
showed that most long-term survivors (72%) were pa-
tients who received a transplant. The 10-year deep mo-
lecular remission rates of 70%-80% indicate that the
majority of imatinib-treated patients are candidates for
treatment discontinuation.
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kinase inhibitor (TKI) imatinib into CML management 15
years ago and the stunning response and survival results,
treatment strategy of CML has profoundly changed. TKI be-
came the first line treatment of choice for CML.
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Long term survival

Meanwhile several long-term observational and randomized
studies have matured and 10-year survival outcomes are
available. An overview is shown in Table 1. 5-year survival
ranges around 90%, 10-year survival around 83% and 10-
year relative survival compared to the general population is

REVIEW ARTICLES |

more than 90% [2, 3]. Similar results have been observed in
population based registries [4, 5, 6]. More patients died of
comorbidities than of CML [7].

Deep molecular responses are achieved in up to 80% after 5
to 10 years (Figure 1) suggesting that treatment discontinua-
tion should be possible in these patients [8].

Table 1. Long-term survival rates of CML patients treated with TKI

Age at diagnosis Syr survival 10yr survival e
Study Dose, mg n g . 9 ' og ! o Y ! observation
median, years % % .
time, years
(ML-IV Hehlmann
et al, 2017) 3] IM 400-800 1536 53 90 82 95
IRIS (Hochhaus et al,,
2017) [9] IM 400 553 50 89 833 109
GIMEMA (Palandri
et al, 2009) [10] IM 400-800 559 52 90 NA 5
Hammersmith (de Lav-
allade et al, 2008) [T1] IM 400 204 463 83 NA 32
PETHEMA (Cervantes
et al, 2010) [12] IM 400 210 44 975 NA 42
TOPS (Baccarani et al., IM 400 157 45 94 (4 years) NA 35
2014 [13)) IM 800 319 48 93.4 (4 years) 35
MDACC (Jain et al., IM 400 70 483 AR 80 99
2015 [14]) IM 800 201 ' 84 (min. 8)
ILTE® (CCR only):
Gambacorti-Passerini IM NR 832 51 98 (6 years) 95 (8 years) 5.8
et al., 2011 [15]
IM 400 283 46 92
E{“EISTSS]%HEE']‘)"&‘”S Nilo 600 % | 4 94 NA 55
! Nilo 800 281 47 96
Dasision (Cortes et al., IM 400 260 49 90 NA 5
2016 [17)) Dasa 100 259 46 9
Median (estimate) 91 83

NA = not available; NR = not reported; yr = year; min. = minimum; IM = imatinib; Nilo = Nilotinib; Dasa = Dasatinib; CCR =

complete cytogenetic remission.
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Figure 1. Molecular response achieved by imatinib [8]
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First-line treatment

Current first-line options with TKI are shown in Table 2.
Whereas imatinib has been proven to be safe both at 400 and
the faster acting 800 mg daily even after prolonged periods
of time, the also faster acting 2™ generation (2G-)TKI re-
quire risk assessment due to rare but serious, potentially life
threatening adverse drug reactions. As seen from Fig. 2, no
survival advantage has been observed with any treatment
option [3, 16, 17]. The lower progression rate to blast crisis
observed with 2G-TKI is offset by more deaths due to ad-
verse drug reactions. Variables to be considered in choosing
first-line therapy are:

- Risk score;

- Cytogenetics (major-route ACA at diagnosis, high-risk
ACA in the course of CML);

- Comorbidities;

- Costs.

The impact of karyotype at diagnosis was demonstrated by
Fabarius et al. [18]. Patients with major route ACA which
occur in 1-2% of cases at diagnosis have a much poorer prog-
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Figure 2. 10-year survival in CML study IV. [3]

Table 2. First-line therapy options: Efficacy and safety

nosis. Comorbidities do not influence progression of CML,
but impact survival more than CML. Generic imatinib has
become available recently. It decreases treatment costs at
equal efficacy and adds to the advantages of imatinib over
2G-TKIL.

Second-line therapy

2"-line therapy is needed in cases of refractoriness to imati-
nib. Table 3 summarizes comparative efficacy and safety of
2" line treatment options. The variables to be considered for
second line therapy are:

- Response milestones (Table 4);
- Adherence to therapy;

- Resistance mutations (Table 5);
- Clonal evolution;

— Intolerance;

- Drug safety;

— Health care setting.

The criteria for assessing TKI-response were proposed by the
European LeukemiaNet (ELN) for newly diagnosed CML
[13] and are depicted in Table 4. Before changing treatment
due to resistance, non-adherence to drug-treatment has to
be excluded. Non-adherence has been reported as the most
frequent reason for treatment failure [19].

When changing treatment due to confirmed resistance a mu-
tation analysis should be initiated. This can be done simulta-
neously with changing to the new drug. If the new drug still
does not work, the mutation analysis will give a rational basis
for selecting the right drug. Table 5 lists the most important
mutations and there sensitivity to the currently available
TKIL

Adverse TKI reactions have recently been reviewed on be-
half of ELN by [20]. Table 6 gives an overview over the most
frequently observed adverse TKI reactions.

Imatinib IM 800 mg Nilotinib Dasatinib
400 mg tolerability adapted 2x300 mg 100 mg
Efficacy acts faster acts faster, . acts faster, .
less early progressions less early progressions
Safety Safe Safe assess risks assess risks
Survival 82 - 86% after 10 years 91 - 94% after 5 years

Note: No survival advantage with any therapy option.
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Table 3. Second line treatment options: Efficacy and safety
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Dasatinib Nilotinib Bosutinib Ponatinib HCT

AP, BC Renal failure of 2TK AP, BC AP, BC

No pulmonary risks No CV risks ~
Safety N.B. N.B. diabetes, liver N.B.: GI-toxicity No CV risks i'\:](ilil-clgi;zrs]tra

infections disease

Note: No survival advantage with any treatment option.

AP = Accelerated phase, BC = Blast crisis, CE = Clonal evolution, CV = Cardiovaskular, GI = Gastrointestinal, HCT = Hemo-
poietic cell transplantation

Table 4. ELN response milestones for newly diagnosed CML [13]

Time: Optimal Response Warning Failure
3 months BCR/ABLI <10% BCR/ABL1 >10% No CHR.
Ph+ cells <35% (PCyR) Ph+ cells 36-95% Ph+ cells >95%
6 months BCR/ABLI <1% BCR/ABL1 1-10% BCR/ABL1 >10%
Ph cells 0% (CCyR) Ph+ cells 1-35% Ph+ cells >35%
12 months BCR/ABL1 <0.1% (MMR) BCR/ABLI 0.1-1% BCR/ABLI >]f
Ph+ cells >0%
Major Molecular Response [MMR] 7 or del(Tq) Loss of CHR or CCyR; confirmed
Thereafter or better; Tolerating the drug; good . q loss of MMR. ABL1 mutations.
. in Ph- cells o
adherence; monitored every 3 mos New chromosome abnormalities

Table 5. Impact of TKI resistance mutations of the BCR/ABL kinase domain [21] (permission of reproduction granted

by M. Deininger)

Mutation

IC5,-fold increase relative to WT (W=1)

L248V

Imatinib

Bosutinib Dasatinib

Nilotinib

Ponatinib

G250E
Q252H
Y253F

6.0

Y253H

E255K
E255V
D276G

E279K
E292L
V299L
T315A
T3151

T315V
F317L

F317R
F317V
M343T
M351T
F359I

F359V
L384M
H396P

H396R

F486S
L248R +
F3591

Adapted from Redaelli S et al. Am J Hematol. 2012;87:E125-E128.
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Sensitive

Moderately
sensitive

2.1-to 4-fold
difference

Resistant

Highly resistant

4.1-to 10-fold
difference

@ cttjournal.com



| REVIEW ARTICLES

Table 6. Adverse TKI reactions: types and severity [20]

Imatinib Nilotinib Dasatinib Bosutinib Ponatinib

Muyelosuppression + + + + -+

Fluid retention ++ - -+ _ _

Rash + ++ - - ++
Diarrhea + + + F +

N Glucose / Cholesterol - ++ - - -
Vascular occlusion - ++ + - S

Renal insufficiency + - (+) ? ?

CML Studies IlIA and IV

CML study IIIA is a geneticly randomized study compar-
ing allogenous HCT with best available drug treatment. It
recruited 662 patients, randomized 427 eligible patients
(family donor available vs not available) and was published
after a median observation time of 12.1 years [15]. The key
result was equivalence of outcome for low risk patients after
transplantion, if performed within one year of diagnosis, and
imatinib.

CML study IV is a randomized 5-arm treatment optimi-
zation study to explore whether treatment with imatinib
400mg can be improved by doubling the dose, combining
imatinib with cytarabine or interferon a (IFN) or applying
imatinib after IFN failure. 1551 newly diagnosed patients
in chronic phase where recruited and the study published
after a median observation time of 9.5 years [3]. The key out-
come was no superiority of survival of any treatment option
(Fig. 2) in spite of significantly faster responses with imati-
nib 800 mg and the recognition of determinants of survival
independent of treatment by multivariate analysis (Table 7).

Table 7. Determinants of survival by multivariate analysis (n=1252)

Variable Hazard ratio p-value
Therapy IM-after-IFN-failure vs. IM 400 1334 0.256
IM 800 vs. IM 400 1.033 0.875
IM + cytarabine vs. IM 400 1170 0.519
IM + |FN vs. IM 400 0933 0.727
Risk-score Low vs. High risk 0.459 <0.001
Intermediate vs. High Risk 1.062 0.770
Center effect Academic vs. community hospital 1515 0.021
Academic vs. office-based center 1.768 0.004
Comorbidity . .
(Charlson index) Per point (age not considered) 1518 <0.001
Gender Male vs. female 1199 0.240
Transcript type b2a2 vs. b3a2 1.092 0.574
b2a2 + b3a2 vs. b3a2 11N 0.447
Smoking habit Smoker vs. non-smoker 1728 0.001
Major-Route ACA vs.
Karyotype no Major-Route ACA at diagnosis 6.137 <0.00

Note: *, age considered by Risk-score. IM = Imatinib, IFN = interferon a, ACA = additional chromosomal aberration
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A comparison of long-term survival after HCT or drug treat-
ment showed that low risk patients had similar survival with
both options (Fig. 3) [22, 23].
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Figure 3. HCT (Group A in blue) vs. drug treatment

(Group B in red) by transplant (EBMT score) - and dis-
ease- risks (EURO score) [22]

After progression to blast crisis HCT did not provide a sig-
nificant survival advantage (Fig. 4), although long-term ob-
servations of 699 blast crises from the German CML studies
showed that most long-term survivors (72%) were patients
who received a transplant [24].
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Figure 4. Effects of hematopoietic stem cell trans-
plantation upon survival of CML patients with blast
crisis [22]

Conclusion

« Imatinib 400 mg provides close to normal life expectancy
in chronic-phase CML patients.

o Survival is independent of time to response.

o Outcome of CML is currently more determined by disease
and patients’ factors e.g. comorbidities and smoking, and by
center effects than by initial treatment selection.

o In low risk patients survival after imatinib and transplanta-
tion may be similar.

o Attempts at improving treatment should focus on sub-

groups of refractory disease e.g. by HCT, and on non-CML
determinants of survival.

o The 10-year deep molecular remission rates of 70%-80%
indicate that the majority of imatinib treated patients are
candidates for treatment discontinuation.
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[lonrocpoyHas BbXUBAEMOCTb MPU XPOHNYECKOM
MUESIONHOM JIeKO3e Npu NIeYeHun UMaTUHNOOM
WK TPAHCN/IAHTALUKU FeMOMNO03TUYECKMX KITeTOK

B KaueCTBe MepBOM JIMHUK Tepanuu; CpaBHeHue
ncxoaoB No gaHHbIM nccnegosaHuin CML A w IV

Mepuuyucknit daxynsrer ManureriiMa, leiinensOeprcknit yuusepcutet, lepmanus

Pe3slome

Crparerysi JledeHVs XPOHMYECKOTO MUEIONEIKo3a
(XMJI) cunpHO M3MeHMIach MOC/e BHEIPEHNUs MMATH-
Huba — nHrnouTopa TrposuHkuHassl (VMTK). Ot npe-
IapaThl CTa/IV YacTO IIPYMEHATHCA JUIA IIepBOY JTMHUA
nedenusa npyu XMJI BMeCTO a/lJIOT€HHOV TPaHCIIAaHTa-
LMV TeMOII03TIYeCKMX cTBOIOBBIX K1eToK (TT'CK). [Tpn
Bei6ope VITK B xadecTBe Tepamvy epBOIL IVHUM YN~
TBIBAIOT C/Iefytomyie GaKTOPBL: OLiEHKa pUCKa s O0Ib-
HOTO II0 IIPYHATON IIKaJle, [UTOreHeTHYeCKIie MapKephl
CO 3HAUMMBIMM [JOIIOJIHUTEJIBHBIMM XPOMOCOMHBIMI
anomamusamu (JIXA) mpu mocTaHOBKe MAarHosa, a Tak-
e JIXA BBICOKOro pyucka B mpomecce pasputusa XMJI,
COIIyTCTBYIOLYe 3a00/IeBaHMA, PACXOHbl Ha JIeYEHIE.
B caywasx OTCyTCTBUSI OTBeTa Ha MMATMHMO, paccMa-
TPUBAIOTCS BO3SMOXXHOCTY 2-J1 JIMHUM Tepamluy, C yde-
TOM IIOKa3aTeJlell K/IVMHIYECKOr0 OTBETa Ha JIeYeHMe,
COOJTIONEHNST PeXXIMa JIeYeHNIs, MyTaluii, BeAyInx K
JIEKAPCTBEHHOI YCTOMNYMBOCTY, KJIOHA/IbHOV SBOOLN
JIeJIKO3a, HeIIEPEeHOCVIMOCTY JAHHOTO JICYEHIS, TUIIA JIe-
4eOHOTO YIperKIeHNA.

B nmporpamme CML 1V, panioM131pOBaHHOM UCC/IEf0-
BaHNM, HAIIPaB/IEHHOM Ha ONTYMM3ALVIO JO3bI IMATH-
Hyba 1 3QPeKTOB COYeTaHHOI Tepammy VIMaTMHMOA C
LUTapabIHOM VIV MHTep(depOHOM 0, y9acTBOBamu 1551
CBE>XeBBIAB/ICHHBIX IAIL[IEHTOB B XPOHMYECKON ¢ase
XMJI. OCHOBHBIM pe3y/lbTaTOM OBIIO OTCYTCTBME Ka-
KOTO0-71M00 IpeyMYIeCTBa TI000r0 13 IPYMEHABIINXCS
MeTOZOB jeueHus. Vimaruuu6b B nose 400 mMr obecreun-
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BaeT OMM3KyI0 K HOpPMe OXVAeMYIO IIPOJO/DKUTENb-
HOCTb XV3HU y 60mbHBIX ¢ XMJI B XpoHMYecKoit dase.
BbDK1BaeMOCTh ITaI[IeHTOB HE3aBMCYMa OT BpeMeHU
orBeTa. KimmHndeckne ucxopsl XMJI Tenepb omnpepens-
I0TCs CKopee dakTopamiy 3a00/IeBaHys i OCOOEHHOCTA-
MY NIALIIEeHTOB, HAIIPYMEpP — COIYTCTBYIOIIMMM 3a0071e-
BaHIAMI VI KYPEHMEM, a TAaKXXe IIOfX0/IOM KOHKPETHBIX
MEAUIMHCKUX [[eHTPOB, HEXeNIN BbIOOPOM TAKTUKA
repBUYHOrO jedeHusA. CpaBHEHVE HOITOCPOYHON BBI-
xuBaemoctu nocie TTCK min nedenust mmMaTnHUOOM
[I0Ka3aji0, 4TO OOJIbHBbIE M3 TPYIIIbI HU3KOLO PUCKa
VIMEJIVI CXOJHYIO BBDKMBAEeMOCTDb IIpU 000MX BapuaHTax
nederysA. [IonbITKY yIydiIeHys Tepanuy, HalupuMmep, ¢
npumeHenneM TTCK 0/DKHBI OBITH COCPEIOTOYEHBI HA
rpynnax pedpakTepHBIX MMALMEHTOB, a TAKXKe Ha MOKa-
3aTe/sIX BBDKMBAEMOCTH, He cBA3aHHBIX ¢ XMJL. Ilocne
nporpeccun B 6mactbli kpus TTCK He obecreunBaet
CYILECTBEHHOTO IIPEVIMYIIECTBA B BBDKIBAEMOCTH, XOTS
CrienanbHOe VCCIeNOBaHNe IOKa3ano, YTo Hanbosee
TOJITOXKVIBYIIVE TTAIVieHTHI (72%) ObIM JIe4YeHHBIMM 110~
cpenctBoM TI'CK. 70% - 80% dacrora 10-7meTHeit ry-
OOKOJI MOJIEKY/IAPHOI PEMICCUM YKa3bIBAaeT Ha TO, YTO
OOJIBIIHCTBO OOIBHBIX, JIEYEHBIX UMATHHUOOM, SIBIISISL.
TCs KaHAVAaTaM) Ha IpeKpaljeHye Tepari.
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