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A B S T R A C T

Introduction: Treatment-free remission (TFR) is successful in half of the patients with chronic

myeloid leukemia who discontinue Imatinib (IM) after sustained molecular response.

Methods: In a prospective trial, we used pioglitazone for 3 months before stopping IM in 30

patients. Percentages of peripheral blood lymphocyte subsets were assessed before and after

treatment. The relation of these data with duration of IM treatment and TRF were examined.

Results: The median time of IM treatment was 117.6 months. After discontinuation, 11 patients

had molecular recurrence after 5.2 months (2.4 − 30). The observation time for those remain-

ing in TFR was 46 (26 − 56) months. The independent factors for the maintenance of TFR were

the duration of IM treatment and the percentage of double-positive T cells at IM stop.

Conclusion: A longer treatment with imatinib was associated with a longer TFR after discon-

tinuation. Pioglitazone could act as an immunomodulator, increasing DP T cells which may

contribute to prevent relapse.
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Introduction

In recent years, several attempts have been made to stop

tyrosine kinase inhibitor (TKI) treatment in chronic myeloid

leukemia1−6 after patients have achieved a sustained deep

molecular response. Besides, the immune system plays a role

in maintaining TFR after TKI discontinuation. It has been

described that NK and cytotoxic T lymphocytes are involved

in this process.6,7 Ilander et al.8 and Rea9 have shown in the

IMMUNOSTIM trial, that patients maintaining treatment-free

remission (TRF) presented more natural killer cells of the

cytotoxic CD56dim subset.8 No association was found between

patients’ relapse and the number of CD3+/CD4+/CD8+ T (DP T)

cells, the CD4/CD8 ratio, or Tregs. A sub-analysis from the

* Corresponding author at: Hemocentro da Universidade Estad-
ual de Campinas (Unicamp), Campinas, Rua Carlos Chagas 480,
13083-878, Campinas, SP, Brazil.

E-mail address: ilmetze@unicamp.br (I. Lorand-Metze).
https://doi.org/10.1016/j.htct.2023.06.001
2531-1379/� 2023 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

ARTICLE IN PRESS

Please cite this article as: A.G.O. Braga et al., Peripheral lymphocyte subsets as predicting factors for molecular recurrence after imatinib
discontinuation in a phase 2 imatinib discontinuation trial in patients with chronic myeloid leukemia, Hematology, Transfusion and Cell
Therapy (2023), https://doi.org/10.1016/j.htct.2023.06.001

hematol transfus cell ther. 2023;xxx(xx):1−5

Hematology, Transfusion and Cell Therapy

www.htc t .com.br

http://orcid.org/0000-0001-9223-9139
http://orcid.org/0000-0001-9223-9139
http://orcid.org/0000-0001-7975-0805
http://orcid.org/0000-0001-7975-0805
http://orcid.org/0000-0001-7975-0805
http://orcid.org/0000-0001-7975-0805
http://orcid.org/0000-0001-7975-0805
http://orcid.org/0000-0001-5776-6435
http://orcid.org/0000-0001-5776-6435
http://orcid.org/0000-0001-5776-6435
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0002-4720-6669
http://orcid.org/0000-0003-0742-8846
http://orcid.org/0000-0003-0742-8846
http://orcid.org/0000-0003-0742-8846
http://orcid.org/0000-0002-6516-1265
http://orcid.org/0000-0002-6516-1265
http://orcid.org/0000-0002-6516-1265
http://orcid.org/0000-0002-6516-1265
http://orcid.org/0000-0002-6516-1265
http://orcid.org/0000-0002-6516-1265
http://orcid.org/0000-0002-6516-1265
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ilmetze@unicamp.br
https://doi.org/10.1016/j.htct.2023.06.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.htct.2023.06.001
https://doi.org/10.1016/j.htct.2023.06.001
http://www.htct.com.br


EURO-SKI study has demonstrated that low CD86+ plasmacy-

toid dendritic cells, which mediate immune tolerance, might

predict TFR in patients discontinuing TKI treatment.2

Recently, we have conducted a prospective controlled

phase II imatinib (IM) discontinuation study (EDI-PIO trial - in

Portuguese: Estudo de Descontinuaç~ao de Imatinibe ap�os Pio-

glitazona) in patients with CML treated at our Institution.4 In

this study, we administered pioglitazone for 3 months before

stopping imatinib as it has been shown that this drug, that is

a proliferator�activated receptor (PPAR)�g agonist used for

diabetes treatment is able to pull the CML leukemic stem cells

(LSC) out of quiescence and sensitizing them to imatinib in

pre-clinical models.10

In the present work we evaluated the immunological pro-

file of CML patients included in this trial and compared its

influence on long-lasting TFR of the patients with the time of

IM treatment. We analyzed the peripheral lymphocyte sub-

sets before starting pioglitazone and at the stop of both, IM

and pioglitazone, and the total time of IM treatment.

Patients andmethods

Study design

EDI-PIO was a prospective, open-label, phase 1/2, single-cen-

ter, single-arm pilot study of IM discontinuation, in adult

patients with CML in chronic phase with stable deep molecu-

lar response.4 The protocol was approved by the Institutional

Review Board of the University of Campinas and all patients

gave written informed consent. The study is registered at

ClinicalTrials.gov, number NCT02852486.

We included patients followed in our Institution between

1998 and 2015, with CML in chronic phase, imatinib treatment

longer than 3 years, deep stable 4.5 log molecular response

(BCR-ABL::ABL1. ratio ≤ 0.0032%), confirmed by 4 RQ-PCR tests

in the last 2 years (2 tests within the last 6 months). The ima-

tinib dose at discontinuation was 400 mg/day. Only one

patient was receiving 300 mg/day. We excluded patients with

CML in accelerated phase (AP) or blast crisis (BC), Philadelphia

positive (Ph+) acute lymphoid leukemia and CML patients

presenting BCR-ABL mutations related to resistance. Patients

were treated with pioglitazone (EMS S/A, Brazil) 30 mg/day for

3 months before imatinib discontinuation. BCR-ABL levels

were measured by real-time quantitative PCR (RQ-PCR)

monthly after imatinib discontinuation during the first 12

months, every twomonths in the second year, and then every

3 months during the subsequent follow-up. Results were

reported by using the BCR-ABL International Scale.11 Molecu-

lar relapse was defined as any single sample with a value of

> 0.1% (loss of MMR) or two consecutive positive samples

with a value > 0.01% (MR4.0), with 4 week-interval. Imatinib

was re-introduced at the same dose used before discontinua-

tion if molecular relapse occurred.

Immunophenotyping

An 8-color panel of monoclonal antibodies was used to exam-

ine the several lymphocyte subsets in peripheral blood before

start of pioglitazone and at stop of imatinib + pioglitazone

treatment. Antibodies against CD3, CD4, CD8, CD16, CD19,

CD27, CD45, CD45RA, CD45RO, CD56, CD57, CD62L, TCRab and

TCRg were used in an 8-color platform. The acquisition was

made in a FACSCanto II equipment, analyzing 100.000 events.

We assessed the percentages of B lymphocytes, as well

as T(CD4+), T(CD8+), T(CD4+CD8+), T(CD4-CD8-), TCRab,

TCRgd, Tnaive, Tmemory, NK and NK-T cells.12

Statistical analysis

Descriptive analysis was performed using non-parametric

tests. Differences among groups and relations between lym-

phocyte subsets before and after pioglitazone were analyzed

by the Mann−Whitney test. The influence of clinical data at

diagnosis, TKI treatment duration and lymphocyte subsets at

the start of pioglitazone and at the stop of IM and pioglitazone

was analyzed by univariate and multivariate Cox models

using stepwise analysis (backward conditional method). Vari-

ables entering the multivariate model were selected by

p = 0.05 for inclusion and p = 0.10 for exclusion.

Results

Between June 2016 and January 2019, 32 patients from EDI-PIO

trial received pioglitazone and 31 discontinued therapy.

Results concerning peripheral blood lymphocyte subsets

could be retrieved in 30 cases. The demographic features of

the patients are shown in Table 1. The majority of the cases

had BCR::ABL1 transcript b3a2, and had a low risk by Sokal

score. Six patients had previously received Interferon−alpha

for a median of 11 months (1−30) before starting IM. All

patients had received pioglitazone for three months before

stopping IM. The median time of TKI treatment was 117.6

months (40 - 191). In 23 (74%) cases, a cytogenetic remission

Table 1 – Demographic features of the CML patients
(n = 30).

Variables N

Age (Years) 41 (22−65)

Gender, n (%) Male: 17 (57)

Female: 13 (43)

BCR-ABL transcript n (%) b3a2: 19 (63)

b2a2: 8 (27)

b3a2+b2a2: 3 (10)

Sokal index, n (%) low: 17 (56)

Intermediate.: 5 (17)

high: 3 (10)

Not available: 5 (17)

Previous use of IFN n (%) 6 (20)

Median time of IFN use (months) 11 (1−30)

Peripheral blood values at diagnosis

Hemoglobin (g/dL) 12.5 (8.7−16.1)

WBC mL x103 75.49 (12.6−380.0)

Time of IM treatment in months (m) 117 (40 �191)

Patients with molecular relapse

Patients remaining in observation

66 (40 − 142)

124 (54 − 191)

Time of treatment free remission

Patients with molecular relapse

Patients remaining in observation

32 (2.4 − 56)

5.2 (2.4 − 30)

46 (26 − 56)

ARTICLE IN PRESS

Please cite this article as: A.G.O. Braga et al., Peripheral lymphocyte subsets as predicting factors for molecular recurrence after imatinib
discontinuation in a phase 2 imatinib discontinuation trial in patients with chronic myeloid leukemia, Hematology, Transfusion and Cell
Therapy (2023), https://doi.org/10.1016/j.htct.2023.06.001

2 hematol transfus cell ther. 2023;xxx(xx):1−5

https://doi.org/10.1016/j.htct.2023.06.001


was achieved within the first year of treatment. A molecular

remission MR4.5 was achieved in a median of 31 months

(5 − 83). After IM discontinuation, 11 patients had a molecular

recurrence in a median time of 5.1 months (2.4 − 29.5) and

Imatinib was reintroduced. The 19 patients remaining in sus-

tained TFR had a median observation period of 55 months

(35 − 69).

The percentages of the peripheral lymphocyte sub-

sets examined before the start of pioglitazone and at

IM stop are shown in Table 2. There was no significant

difference for patients remaining in TFR or recurring

for any subset analyzed at the start of pioglitazone. At

IM+pioglitazone discontinuation, the only lymphocyte

subset that increased in patients that maintained TFR

but not in patients with molecular relapse was the per-

centage of double positive CD4+ / TCD8+ T cells (DP T)

(p = 0.002).

In the univariate Cox model, the following variables

were related to the time of TFR: duration of IM treatment

B= �0.001, exp(B) 0.999 (CI 0.998 − 1.00), p = 0.005; time to

achieve MR4.5 B = 0.00, exp(B) 1.00 (CI 1.00 − 1.00),

p = 0.027; DP T cells at IM stop B = �0.485 exp(B) 0.615 (CI

0.408 − 0.929), p = 0.021 and T cells gamma delta (gd) at IM

stop B = 0.285 exp(B) 1.329 (CI 1.029 − 1.717), p = 0.029.

Type of transcript, Sokal score, previous use of interferon

alpha, and all the peripheral lymphocyte subsets at start

of pioglitazone had no significant influence in TFR time in

the univariate Cox model.

The best multivariate model predicting maintained

TFR was found for the duration of IM treatment

(B = �0.001 p = 0.064) and DP T cells at IM stop

(B = �0.339 p = 0.095).

Discussion

In the present study, analyzing data concerning duration and

response of TKI treatment and the peripheral lymphocyte

subpopulations in patients with CML treated for a long period

with imatinib, we found that only the increase in the propor-

tion of DP T cells after pioglitazone was related to the mainte-

nance of TFR after imatinib discontinuation. Besides, gd T

lymphocytes were slightly lower in patients maintaining

remission.

The rationale for using pioglitazone in the present trial

was based on a previous investigation of Prost et al.10

They reported 3 patients in which improvement in molec-

ular responses was observed after simultaneous adminis-

tration of pioglitazone and imatinib. Later, the same group

published preliminary findings of the ACTIM study, where

24 patients received pioglitazone and imatinib for one

year. This group of patients had a higher rate of molecular

response (MR4.0) compared to a historic control.13 Besides,

a trial conducted in India combined pioglitazone with

imatinib to improve responses in CML patients with sub-

optimal responses with TKI.14 A one log reduction after

pioglitazone was observed in 89% of patients. In both stud-

ies, the peripheral lymphocyte subsets after pioglitazone

were not analyzed.

Other discontinuation trials analyzed the immunological

profile of CML patients by flow cytometry. Recently, Luo et

al.15 showed that NK cells were increased at baseline in CML

patients who did not relapse after stopping TKI compared to

relapsing patients, but they did not analyze DP T cells. Irani

et al. also reported that patients who had a successful TFR

Table 2 – Distribution of the peripheral lymphocyte subsets (median and range) at TKI discontinuation in percentage
among all peripheral blood lymphocytes.

Patients in continuous TFR n = 19 Patients presenting molecular relapse n = 11

Pre-PIO Post-PIO
(imatinib stop)

Pre-PIO Post-PIO
(imatinib stop)

B 10.06

(5.31−21.2)

8.60

(4.37−18.13)

9.87

(7.12−17.07)

9.47

(0.78−25.47)

TCD4+ 45.17

(8.73−83.60)

44.9

(34.9−64.3)

53.05

(32.9−82.43)

45.50

(37.6−46.26)

TCD8+ 16.98

(4.02−34.10)

15.,56

(4.12−33.16)

19.35

(3.35−24.98)

17.75

(9.94−23.99)

TCD4+CD8+ 0.95

(0.04−8.02)

2.95

(0.25−9.84)

0.93

(0.13−12.44)

0.81

(0.46−1.50)

TCD4-CD8- 2.31

(0.31−7.70)

1.70

(0.84−6.66)

2.74

(1.14−11.61)

2.96

(0.95−7.52)

TCRab 63.08

(12.45−76.9)

60.43

(46.3−74.52)

64.51

(13.22−72.8)

60.79

(50.0−68.69)

TCRgd 1.30

(0.36−4.18)

2.05

(0.71−3.98)

2.58

(0.44−26.26)

2.53

(0.91−11.12)

NK 14.83

(7.17−36.17)

17.62

(10.0−39.87)

14.23

(6.21−27.26)

15.61

(7.58−34.69)

NKT 4.42

(1.0−54.4)

5.91

(6.29−16.68)

5.17

(1.20−44.24)

3.15

(1.52−14.07)

T naive 17.35

(11.5−23.15)

14.75

(7.09−39.59)

11.82

(7.42−34.52)

17.95

(7.79−20.09)

T memory 45.36

(9.32−61.7)

49.56

(29.8−62.65)

46.94

(1.4−59.98)

52.69

(38.14−60.5)
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had a higher proportion of NK cells at TKI discontinuation,

but they did not evaluate the role of DP T cells.16

The role of the immune system in the outcome of CML has

been studied but there are few data on which are the most

important cell types.8,16,17 At diagnosis, patients with CML

present impairment of the innate immune response, includ-

ing NK cells, dendritic cells as well as cytotoxic T cells.6 Treat-

ment with IFN-a restores NK number and function is

3−6 months. But also TKI treatment increases the number of

NK cells compared to diagnosis.13 This feature was not exam-

ined in the present study. Besides, CD8+ cytotoxic cells

increase and have their function restored after TKIs and are

associated with a better response to therapy.6 Double-positive

T cells do exist in normal individuals.18 Their function is not

completely understood, but they have a high cytotoxic poten-

tial. They are increased in the elderly, in neoplasms such as

melanoma and in auto-immune diseases.18-20 So, the DP T

cells could have a cytotoxic or immunomodulating effect that

could contribute to TFR maintenance. So, the DP T cells could

have a cytotoxic or immunomodulating effect that could con-

tribute to TFR maintenance but, to the best of our knowledge,

this has not yet been examined in CML. On the other hand,

Seguro et al. demonstrated in an imatinib discontinuation

trial that the NK cell proportion at baseline was lower in CML

patients in MR4.0 who relapsed after discontinuation. How-

ever, the authors did not find a relationship between NK pro-

portion and relapse when patients discontinued therapy in

MR4.5,6 similar to our findings.

In the present study, the rationale for using pioglitazone

was to alter the cell cycling of the leukemic stem cells, to

increase imatinib effect in this population before discontinua-

tion. One unexpected finding was the higher number of DP T

cells after pioglitazone exposure in the non-relapsing

patients. Pioglitazone causes several metabolic changes in

CML cells, such as mitochondria fatty acid overload, dysfunc-

tion, and oxidative damage, as demonstrated in a previous

study of our group.21 Fu et al. showed that pioglitazone

restores IFN-g production in tumor-infiltrating invariant nat-

ural killer T cells from both human patients and mouse mela-

noma models.22 In a mouse model of type 2 diabetes,

pioglitazone induced an increase of T lymphocytes and CD3

+IL-4 production in immigrant spleen lymphocytes.23

Our findings suggest that in some patients, pioglitazone is

able to recruit double-positive T cells, and perhaps stimulate

immunity to an anti-leukemic effect. In the multivariate anal-

ysis the results were not significant, probably due to the small

sample size, one limitation of our study.

Recurrence was observed only in the first 3 years after dis-

continuation, while in patients who remained in TFR the obser-

vation period was always > 3 years (median 55 months). The

optimal time of TKI treatment is still controversial, and our

results show that a long treatment time was associated with a

longer time of TFR. Among our patients, no recurrence was

observed in those treated with TKI for longer than 8 years.

In conclusion, a longer time of treatment with imatinib is

necessary to maintain patients with CML in TFR. Pioglitazone

could not only increase the sensitivity of leukemic stem cells

to imatinib, but may also induce an immunological effect that

could help to prevent relapse. This hypothesis should be

examined in further experiments.
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