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Summary

Introduction: Chronic myeloid leukaemia (CML) is a specific malignant disease as it can be managed by a long-term
oral tyrosine-kinase inhibitors (TKIs) treatment. Routine practise in the management of CML includes continuation of TKIs
therapy even after the patient achieves remision. Several trials have demonstrated that TKIs discontinuation is feasible in
clinical practice. The aim of this paper is to assess relevant scientific evidence on CML remission stability after TKIs therapy
cessation.

Methods: For systematic search, we used the MEDLINE/PubMed (National Library of medicine) Cochrane Central
Register of Controlled Trials and Embase database. The last search update was on 31st December 2020. The search included
observational cohort studies and randomized condrolled trials that evaluated treatment-free remission after TKIs therapy
cessation.

Results: A literature review provides data that patients with CML mostly achieve clinically feasible treatment free re-
mission (TFR). The eleven studies incuded 1249 patients. After an average follow-up of 37 months (16 to 103), overall esti-
mated TFR was 51% (35% to 64%).

Conclusion: Evidence from reviewed studies indicated that discontinuation of TKIs is feasible and safe in the clinical
practice.
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INTRODUCTION The most important finding in the treatment
) ] ) . ) of CML was a tyrosine kinase inhibitor (TKI) that
Chronic myeloid leukemia (CML) is a disease successfully stops the BCR-ABL protein in caus-

characterized by malignant transformation of a ing inhibition of its enzymatic activity(2). In the
pluripotent hematopoietic stem cell. Mostly oc- first line of modern therapy of CML, is one of the
curs in middle and old age, making up about 20% three tyrosine kinase inhibitors (TKIs): imatinib
of all forms of leukemia(1). CML is specific for the (IM), dasatinib or nilotinib. Orally taken IM is the
cytogenetic change of the Philadelphia chromo- gold standard for first therapy in patients with re-
some and the formation of a fusion gene with the cently diagnosed CML. After the introduction of
production of the BCR-ABL protein whose exces- IM in the treatment of CML, the mortality rate, af-
sive tyrosine kinase activity stimulates increased ter the first year of being diagnosed, dropped to
cell production(2). about 2%. In the eight-year period after diagnosis,

survival is more than 80%. If remission occurs
Corresponding author: Ivica Matié, School of Nursing, Mli- within a year, these patients are less likely to die
narska 34, 10 000 Zagreb, Croatia. email: ivica.matic3@skole.hr from leukemia(3).
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To summarise, TKIs form the fundamental
perspective of modern CML treatment, with more
than 80% of patients achieving a complete cytoge-
netic response and 40% complete molecular remis-
sion(4). However, imatinib treatment, as well as re-
cent generations of TKIs, is expensive, can have a
toxic effect, and requires strong patients” adherence.
Therefore, the safety of discontinuation of TKIs
therapy after achieving remission has been inten-
sively under research. The aim of this paper is to
review the current information based on the avail-
able published data on the safety of discontinuation
of TKIs after achieving remission in CML and dis-
cuss current suggestions on how to move treatment-
free remission (TFR) into clinical practice.

METHODS

Search strategy

The research question we asked when search-
ing the literature was: is remission maintained in
patients treated for CML who have achieved deep
molecular remission with TKIs even after their
TKIs has been discontinued? We systematically
searched MEDLINE, Cochrane Central Register of
Controlled Trials and Embase for all studies pub-
lished in English between January 2010 and 2021
using relevant keywords and controlled vocabu-
lary that included: chronic myeloid leukemia, ty-
rosine kinase inhibitor, discontinuation. Addition-
al studies were identified by manual search of
references of original studies.

Study inclusion and outcomes

The population of interest for literature re-
view are adult patients treated for CML with TKIs,
imatinib, nilotinib or dasatinib, whose therapy
was discontinued after achieving deep molecular
remission, which is also the intervention of the
study group. We included observational cohort
studies and randomized condrolled trials that
evaluated TFR after achieving deep molecular re-
mission. Articles excluded from the search were
those older than 11 years, as well as those with a
sample of less than 15 respondents or if the paper
does not include research on adults.

Data extraction and quality assessment

Study selection and data extraction were con-
ducted independently by two investigators. All
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disagreements or differences in the data extrac-
tion between the two authors were harmonized by
consensus after the source data had been re-
checked. TFR (treatment-free remission) has been
evaluated as a criterion in patients with CML who
had stopped TKI after prolonged complete mo-
lecular response. Studies were included if the
available information in the abstract made it clear
that the article was eligible. Full texts were read
independently by reviews.

RESULTS

The database’s search yielded 93 articles.
Based on the title and abstract analysis and review
of potentially relevant studies, 11 studies were in-
cluded in the final analysis (figure 1). All the stud-
ies included patients with Philadelphia positive
(Ph+) CML in chronic phase who had discontin-
ued TKI treatment in deep molecular response
and with a follow-up after discontinuation longer
than 1 year. Also, every study included the TFR
rate as the primary endpoint, after at least one
year from TKI treatment discontinuation. The
studies incuded 1249 patients. After an average
follow-up of 37 months (16 to 103) overall estimat-
ed treatment free remission was 51% (range from
35% to 64%). Results are presented in table 1.

One of the first Stop Imatinib Trial studies
was performed to demonstrate the efficacy or inef-
fectiveness of discontinuation of TKIs therapy in
patients in remission from CML. Patients treated
with imatinib for more than two years in complete
molecular remission were included. Relapse of the
disease occurred in 61% of patients most often
within six months of discontinuation of therapy.
Other patients maintained complete molecular re-
mission for more than 12 months. All patients who
restarted therapy due to disease relapse respond-
ed favorably to re-introduction of imatinib. An
update to this study estimated the likelihood of
relapse at 10% for those patients who manage to
maintain remission for the first six months(16,17).

A national study in Japan examined 50 pa-
tients in remission who discontinued imatinib at 6
months and the remission rate after discontinua-
tion of imatinib was estimated at 47%(15).

A prospective clinical study called Twister
included 40 adult patients who discontinued ima-
tinib therapy for at least 36 months after at least 2
years of stable molecular remission. The median
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follow-up was 42 months with a range of a mini-
mum of 15 months to a maximum of 72 months.
After 24 months, the assessment of stable remis-
sion without treatment was 47.1%. The majority of
relapses, 15 of 22 (68%), occurred within 6 months
(median 3 months) of discontinuation of therapy.
The remaining 7 relapses were reported between 6
and 27 weeks (median 14.5 weeks) after discon-
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Fig. 1. Studies selection progress

tinuation of imatinib. After 27 weeks of follow-up,
the remaining patients maintained stable remis-
sion at 42.7%(12).

A large multicenter observational study in a
sample of 80 patients in molecular relapse, whose
imatinib therapy was discontinued, aimed to in-
vestigate the loss of the deep molecular response
as a criterion for continuing therapy. In the pa-
tients enrolled in the study, the median from the
start of imatinib therapy to cessation was 79
months, and the median duration of complete mo-
lecular remission before cessation of imatinib was
41 months, with a median follow-up of 31 months.
Out of a total of 80 patients, 29 lost profound mo-
lecular remission ranging from 2 to 17 months af-
ter discontinuation of therapy. The cumulative
incidence of remission loss was estimated at 35%
at 12 months and 36% at 24 months. Remission
was maintained in 64% of patients within 12 and
24 months and 61% within 16 months(13).

A French RE-STIM observational multicenter
study included patients in a repeat procedure to
discontinue TKI therapy after the first failed at-
tempt to maintain remission without therapy. The
median follow-up was 38 months and included 70
patients. 45 (64%) relapsed on average 5.3 months
after discontinuation of therapy. The majority of
relapses (54%) occurred within the first year after
discontinuation of therapy. All patients resumed
TKI therapy. This study is the first to show that a
second attempt to discontinue a TKI is also safe
and that the first failed attempt does not preclude
a second successful one(8).

Table 1.
Key characteristics of included studies

Author (reference) Patients (N) Mean age (years) | Male (%) | Months after discontinuation The TFR rate
Fava et al. (5) 293 49 55% 34 62% (95% CI 56;68)
Hernandez-B et al. (6) 236 61 48% 48 64% (95% CI 55;72)
Kumagai et al. (7) 54 56 59% 16 63% (95% ClI 48;74)
Legros et al. (8) 70 51 NA 36 35% (95% Cl 24;49)
Mahon et al. (9) 126 56 44% 24 53% (95% Cl 44;62)
Nagafuiji et al. (10) 149 55 59% 36 61% (95% CI 52;70)
Rea et al. (11) 60 60 37% 48 54% (95% Cl 40;67)
Ross et al. (12) 40 60 48% 103 45% (95% CI 32;63)
Rousselot et al. (13) 80 55 52% 36 61% (95% CI 51;73)
Shen et al. (14) 45 36 51% 24 40% (95% CI 29;52)
Takahashi et al. (15) 96 55.5 62% 24 63% (95% CI 51;73)
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DISCUSSION

The most important discovery in the treat-
ment of CML was a TKI, which significantly re-
duces the mortality rate of patients. Recently, the
safety of discontinuation of TKI therapy after
achieving deep molecular remission for at least
two years has been intensively investigated in or-
der to improve the quality of life of patients and
reduce treatment costs. By reviewing published
studies, we found that after stopping the first TKI
treatment, between 35% and 64% of all patients re-
mained in stable remission for months after dis-
continuation of therapy. Also, patients who had
relapse of the disease after discontinuation of
therapy retained susceptibility to TKI, suggesting
that discontinuation does not lead to resistance
and does not cause further safety concerns(5-15).

Systematic review or meta-analysis that eval-
uated the safety of TKIs discontinuation in CML
patients are rarity. The first systematic review of
the literature with meta-analysis was published in
2017. The purpose of this study was different from
our review of the TFR after discontinuation of
therapy because the authors focused on disease
relapse. The mean relapse of CML after discon-
tinuation of therapy was 51%. All patients sur-
vived two years of follow-up, and the study sug-
gests that discontinuation of therapy does not in-
crease disease progression and risk of death(18).

In their 2018 review, Breccia and Foa also
dealt with the discontinuation of TKI in chronic
phase chronic myeloid leukemia (CP-CML) and
concluded that discontinuation is feasible and safe
if performed in patients with a long-lasting deep
molecular response(19).

The most recent systematic review and meta-
analysis included 10 trials with 1,601 patients. Au-
thors concluded that TFR as an extension of an ap-
proach to optimize management of CML is clini-
cally feasible in approximately 59% of patients
with sufficient TKI response. In the remaining
41% of patients with molecular relapse, discon-
tinuing TKIs had no negative impact on clinical
outcomes(20).

CONCLUSION

A literature review provides data that pa-
tients with CML with sufficient TKIs response for
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at least two years mostly achieve clinically feasible
TFR. In discontinuation therapy studies, it is cru-
cial to determine predictive discontinuation fac-
tors, disease prognosis, and risk factors for re-
lapse. Discontinuation of therapy is recommend-
ed only in clinical circumstances, which include
monitoring of the molecular response and careful
selection of patients based on criteria.

REFERENCES

1. Planinc-Peraica A, Mandac Rogulj I. Kroni¢na mije-
loi¢na leukemija. Medix. 2012;18:212-218.

2. Rossari F, Minutolo F, Orciuolo E. Past, present, and
future of BCR-ABL inhibitors: from chemical develop-
ment to clinical efficacy. Journal of Hematology & On-
cology. 2018;11(1):1-4.

3. Deininger M, O’Brien S, Guilhot F, et al. International
randomized study of interferon vs STI571 (IRIS) 8-year
follow up: sustained survival and low risk for progres-
sion or events in patients with newly diagnosed
chronic myeloid leukemia in chronic phase (CML-CP)
Treated with Imatinib. Blood. 2009;114:1126.

4. Gambacorti-Passerini C, Antolini L, Mahon FX, Guil-
hot F, Deininger M, Fava C. et al. Multicenter indepen-
dent assessment of outcomes in chronic myeloid leu-
kemia patients treated with imatinib. ] Natl Cancer
Inst. 2011,103:553-561.

5. Fava C, Rege-Cambrin G, Dogliotti I, Cerrano M, Ber-
chialla P, Dragani M, et al. Observational study of
chronic myeloid leukemia Italian patients who discon-
tinued tyrosine kinase inhibitors in clinical practice.
Haematologica. 2019.1;104(8):1589-96.

6. Hernandez-Boluda JC, Pereira A, Pastor-Galan I, Al-
varez-Larran A, Savchuk A, Puerta JM, et al. Feasibili-
ty of treatment discontinuation in chronic myeloid
leukemia in clinical practice: results from a nation-
wide series of 236 patients. Blood Cancer Journal.
2018;8(10):1-8.

7. Kumagai T, Nakaseko C, Nishiwaki K, et al. Dasatinib
cessation after deep molecular response exceeding 2
years and natural killer cell transition during dasat-
inib consolidation. Cancer Sci. 2018;109:182-192.
https://doi.org/10.1111/cas.13430

8. Legros L, Nicolini FE, Etienne G, Rousselot P, Rea D,
Giraudier S, et al. Second tyrosine kinase inhibitor dis-
continuation attempt in patients with chronic myeloid
leukemia. Cancer. 2017;123(22):4403-10.

9. Mahon FX, Boquimpani C, Kim DW, Benyamini N,

Clementino NC, Shuvaev V, et al. Treatment-free re-

mission after second line nilotinib treatment in pa-

tients with chronic myeloid leukemia in chronic phase:
results from a single-group, phase 2, open-label study.

Annals of Internal Medicine. 2018;168(7):461-70.

Nagafuji K, Matsumura I, Shimose T, Kawaguchi T,

Kuroda J, Nakamae H, et al. Cessation of nilotinib in

10.



Lib Oncol. 2021;49(2-3):108-112

patients with chronic myelogenous leukemia who ter two-year consolidation therapy with nilotinib in
have maintained deep molecular responses for 2 patients with chronic myeloid leukemia: STAT2 trial
years: a multicenter phase 2 trial, stop nilotinib in Japan. Haematologica. 2018;103(11):1835.
(NILSt). International Journal of Hematology. 2019; 16. Mahon FX, et all. Discontinuation of imatinib in pa-
110(6):675-82. tients with chronic myeloid leukaemia who have
11. Rea D, Nicolini FE, Tulliez M, Guilhot F, Guilhot J, maintained complete molecular remission for at least
Guerci-Bresler A, et al. Discontinuation of dasatinib or 2 years: the prospective, multicentre Stop Imatinib
nilotinib in chronic myeloid leukemia: interim analy- (STIM) trial. Lancet Oncol. 2010;11(11):1029-35.
sis of the STOP 2G-TKI study. Blood. 2017;129(7): 17. Etienne G et al. Long-Term Follow-up of the French 1
846-54. Stop Imatinib Study (STIM1) in Chronic Myeloid Leu-
12. Ross DM, Pagani IS, Shanmuganathan N, Kok CH, kemia Patients. Blood. 2015;126:345
Seymour JF, Mills AK, et al. Long-term treatment-free 18. Campiotti L, Suter MB, Guasti L, Piazza R, Gambacor-
remission of chronic myeloid leukemia with falling ti-Passerini C, Grandi AM. Et al. Imatinib discontinua-
levels of residual leukemic cells. Leukemia. 2018;32 tion in chronic myeloid leukaemia patients with unde-
(12):2572-9. tectable BCR-ABL transcript level: A systematic re-
13. Rousselot P, Charbonnier A, Cony-Makhoul P, Agape view and a meta-analysis. European Journal of Cancer.
P, Nicolini FE, Varet B, et al. Loss of major molecular 2017; 77:48-56. d0i:10.1016/j.ejca.2017.02.028
response as a trigger for restarting tyrosine kinase in- 19. Breccia M, Foa R. Current Information and Recom-
hibitor therapy in patients with chronic-phase chronic mendations on the Discontinuation of TKI Inhibitors
myelogenous leukemia who have stopped imatinib in Chronic Myeloid Leukemia. Current Oncology Re-
after durable undetectable disease. Journal of Clinical ports. 2018; 20(3). d0i:10.1007/s11912-018-0669-y
Oncology. 2014;32(5):424-30. 20. Chen KK, Du TF, Xiong PS, Fan GH, Yang W. Discon-
14. Shen N, You Y, Zhong ZD, Meng L, Zhou JF, Zou P, et tinuation of Tyrosine Kinase Inhibitors in Chronic
al. Monitoring and Analysis of Chinese Chronic My- Myeloid Leukemia with Losing Major Molecular Re-
eloid Leukemia Patients Who Have Stopped Tyrosine sponse as a Definition for Molecular Relapse: A Sys-
Kinase Inhibitor Therapy. Current Medical Science. tematic Review and Meta-Analysis. Front Oncol. 2019;
2019;39(2):211-6. 9:372. doi: 10.3389/fonc.2019.00372.

15. Takahashi N, Nishiwaki K, Nakaseko C, Aotsuka N,
Sano K, Ohwada C, et al. Treatment-free remission af-

Sazetak

STABILNOST REMISIJE KRONICNE MIJELOICNE LEUKEMIJE NAKON PREKIDA TERAPIJE INHIBITORIMA
TIROZIN KINAZE: PREGLED LITERATURE

N. Mati¢, I. Mati¢

Uwvod: Kronicna mijeloi¢na leukemija (KML) specifi¢na je maligna bolest s obzirom da se lijeCenje provodi oralnom
primjenom inhibitora tirozin-kinaze (TKI). Rutinska praksa podrazumijeva koristenje TKI i nakon $to bolesnik postigne
potpunu remisiju bolesti, no recentna istrazivanja navode uspjeh u kontroliranju bolesti I nakon $to se prekine terapija TKI.
Cilj ovog rada je sustavnim pregledom literature prikupiti relevantne znanstvene ¢injenice o uspjesnosti odrzavanja remisi-
je KML nakon prekida terapije TKI.

Metode: Za sustavno pretrazivanje literature kosistili smo MEDLINE, Cochrane i Embase baze podataka. Posljednje
aZuriranje pretrazivanja bilo je 31. prosinca 2020. Pretraga je ukljucivala randomizirana klinicka ispitivanja i opservacijske
kohortne studije koje su procjenjivale uspjeSnosti odrzavanja remisije KML nakon prekida terapije TKI.

Rezultati: Pregled literature daje podatke da bolesnici s KML-om uglavnom postizu klini¢ki izvedivu remisiju nakon
prekidanja lijecenja. Jedanaest studija obuhvatilo je 1249 pacijenata. Nakon prosje¢nog pracenja od 37 mjeseci (16 do 103),
ukupna procijenjena remisije bila je kod 51% bolesnika (35% do 64%).

Zakljucak: Dokazi iz literature potvrduju da je kod odredenog dijela pacijenata prekid terapije siguran. Preporucljivo
je prekidanje terapije samo u klinickim uvjetima uz prac¢enje molekularnog odgovora.

KLJUCNE RIJECL: kroni¢na mijeloicna leukemija, inhibitori tirozin kinaze, prekid lijeCenja
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