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The initial molecular response predicts the deep
molecular response but not treatment-free remission
maintenance in a real-world chronic myeloid leukemia
cohort
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Abstract

In chronic myeloid leukemia, the identification of early molecular predictors of stable treatment-free remission (TFR) after
tyrosine kinase inhibitor (TKI) discontinuation is challenging. The predictive values of residual disease (BCR::ABL1 quantifi-
cation) at month 3 and 6 and more recently, BCR::ABLT transcript halving time (HT) have been described, but no study
compared the predictive value of different early parameters. Using a real-world cohort of 408 patients, we compared the
performance of the EUTOS long-term survival (ELTS) score, BCR::ABL1 HT, and residual disease at month 3 and 6 to predict
the molecular response, achievement of the TKI discontinuation criteria, and TFR maintenance. The performances of
BCR::ABL1 HT and residual disease at month 3 were similar. Residual disease at month 6 displayed the best performance
for predicting the optimal response (area under the ROC curve between 0.81 and 0.92; cut-off values: 011% for MR4 at month
24 and 0.12% for MR4.5 at month 48). Conversely, no early parameter predicted reaching the TKI discontinuation criteria
and TFR maintenance. We obtained similar results when patients were divided in subgroups by first-line treatment (ima-
tinib vs. second-generation TKI [2G-TKI]). We identified a relationship between ELTS score, earlier milestones and TFR
maintenance only in the 2G-TKI group. In conclusion, this first comparative study of early therapeutic response parameters
showed that they are excellent indicators of TKI efficacy (BCR::ABLT transcript reduction) and best responders. Conversely,
they did not predict the achievement of the TKI discontinuation criteria and TFR maintenance, suggesting that other pa-
rameters are involved in TFR maintenance.

Introduction chronic myeloid leukemia (CP-CML), the challenges have

changed considerably. The lifespan of patients with CP-
Since the introduction of the first tyrosine kinase inhibi- CML treated with TKI is considered similar to that of an
tor (TKI), imatinib, for the management of chronic-phase age- and sex-matched control population,? and <5% of
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patients are resistant to treatment.® TKI efficacy is such
that CML becomes undetectable in approximately 30% of
patients treated with imatinib®* and the major molecular
response (MMR) after TKI withdrawal is maintained in 50%
to 70% of patients. The development of second-generation
(2G-TKI; nilotinib, dasatinib, bosutinib) and third-generation
TKI (ponatinib) offers a large therapeutic arsenal and their
optimal use is constantly improved to ensure efficacy and
safety.>®

The progress made in CP-CML monitoring has led to in-
creasingly precise guidelines,® particularly concerning
the initial phase of treatment that is related to the risk of
disease progression. For example, residual disease assess-
ment by BCR::ABL1 transcript quantification at month 3 and
month 6 of treatment is an important predictive parameter
of low risk of progression.° This justified its inclusion in
the European LeukemiaNet (ELN) recommendations’ and
National Comprehensive Cancer Network (NCCN)® guide-
lines. This initial phase is also essential to give patients
the best chance of achieving the deepest molecular re-
sponse and could influence the choice of TKI, depending
on the patient’s age and individual objective, particularly
treatment-free remission (TFR)!*"® In this context, early
parameters have been analyzed to determine whether
they can predict the deep molecular response. Moreover,
the ELN and NCCN recommendations take into account
studies showing that a satisfactory reduction in residual
disease at month 3 and month 6 can predict the subse-
quent molecular response, but with subtle differences.
In order to identify more effective early endpoints, several
research groups evaluated the value of the initial BCR::ABL1
transcript decrease kinetics, particularly Branford et al,
who defined the initial halving time (HT).® This parameter
appears useful for TFR prediction.” Few other groups used
the same or similar approaches®?' However, the relationship
between BCR::ABLT HT and TFR has not been assessed in
other cohorts and the predictive performance of the main
early molecular response parameters (BCR::ABLT HT, resid-
ual disease at month 3 and 6) have not been compared,
particularly in a real-life cohort.

Here, we used data from the French CML Observatory* to
compare the value of these parameters for predicting the
achievement of molecular responses, TKI discontinuation
criteria, and TFR maintenance. We added in our analysis
also the EUTOS long-term survival (ELTS) score.???® This
score is frequently used in clinical practice for the initial
therapeutical decisions because of its stronger link with
the chance of obtaining a deep response compared with
the Sokal score.?*?®

Methods

Chronic myeloid leukemia Observatory database
The CML Observatory database is a secure database to
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collect the real life laboratory and clinical data of patients
with CML after obtaining their informed consent* (Online
Supplementary Appendix). The registration of patients is
done, on a voluntary basis, by their physician at each center.
All registered patients have a CML ID that is automatically
generated at the first registration. The CML Observatory is
hosted by a professional health data host (MIPIH) and has
been authorized (authorization no. 914456) by CNIL, the
French data protection authority, in accordance with its
ethical standards and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.
It is promoted by the Clermont-Ferrand University Hospital
that is also the coordinating center. The data used for the
present study are from nine participating centers.

Design and patient selection

At the time of database freezing for data collection (June
30, 2022), 1123 patients were eligible for inclusion on the
basis of the following inclusion criteria: CP-CML with a
follow-up for at least 12 months, treated with TKI only. A
pretreatment with hydroxyurea was accepted because it
does not have any significant effect on the BCR::ABL1/ABL1
ratio® (Online Supplementary Figure ST). From the 801 se-
lected patients, we retained only 408 patients with data on
all the four early parameters analyzed in this study: ELTS
score, BCR::ABL1 transcript quantification at diagnosis,
month 3, and month 6 (45 days for these two time points)
(Figure 1). We excluded patients with a BCR::ABLT1/ABL1
ratio <20% at diagnosis not confirmed by the registering
center. The characteristics of the 393 patients excluded
were similar to those of the included patients, except for
longer TKI duration that explained the high rate of missing
data (longer follow-up and impossibility of recovering early
data not included in previous recommendations) (Online
Supplementary Table ST7). Then, we divided the selected
patients (N=408) in subgroups using an “intention-to-treat”
approach according to the first-line TKI used: imatinib (IMA;
N=274), 2G-TKI (N=118; N=101 nilotinib and N=17 dasatinib),
and other TKI (N=16; N=7 bosutinib and N=9 ponatinib).
We defined the response to TKI therapy according to
the usual residual disease assessment criteria using the
BCR::ABL1/ABL1%'S transcript level (hereafter, BCR::ABLT
transcript level) to determine the thresholds that corre-
spond to the MMR (£01%), MR4 (£0.01%), MR4.5 (£0.0032%),
and MR5 (£0.001%). We defined the deep molecular re-
sponse (DMR) as the achievement of at least MR4.5. This
definition was used in clinical practice during the study
period. We considered the therapeutic response as stable
when BCR::ABL1T transcript level was below the considered
threshold in three successive assessments. The date of the
first value below the considered threshold was the date of
therapeutic response achievement. TKI discontinuation was
recommended when at least three consecutive values were
below the considered threshold within 24 months. In this
real-life cohort, 29 patients (7% of the whole cohort and
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N=1123

N=26, accelerated or blast
phase

N=1097

143, follow-up <12 months
9, IFN and/or ARA-C only
25, bone marrow allograft
3, unclassifiable patients
66, previously treated with
IFN and/or ARA-C
N=50, treated with TKI and IFN

22222
I 1nan

N=801

N=388, BCR::ABL1 transcript
missing at diagnosis,
month 3 or month 6
N=5, low BCR::ABL1 transcript
(<20%) at diagnosis could
not be verified

N=408

nilotinib
N=101

imatinib
N=274

other TKI
N=16

dasatinib
N=17

10.6% of the IMA subgroup) received the diagnosis before
20009 (i.e., before the introduction of the International Scale
to measure BCR::ABL1 transcript level). These patients were
not excluded because they were all monitored by the same
laboratory, thus using the same technique. All participating
laboratories are reference laboratories that are part of the
French national group of molecular biology laboratories.

Halving time of the BCR::ABL1/ABL1 ratio and early
response milestones

We used the formula described by Shanmuganathan et
al.: In(2)*(number of days between the diagnosis and the
day of the 3-month BCR::ABLT measurement/ln (transcript
at diagnosis/transcript at month 3) (formula [a]) because
the decay kinetics are logarithmic whatever the initial and
3-month transcript levels® In formula (a), the initial time
point is the diagnosis day because the BCR::ABLT transcript
levels are similar at diagnosis and at treatment initiation
(Branford 2014). Nevertheless, due to the variability of the
interval between diagnosis and TKI initiation in our sam-
ple (median [25%; 75™ percentiles]: 0.8 [0.5; 1. 2] months),
we used also formula (b) where the initial time point was
the first day of TKI treatment (information available in the
CML Observatory). This can be considered the first day of
TKI action and therefore, the real start of the tumor mass
decrease kinetics and of the residual disease assessment.

S. Saugues et al.

Figure 1. Study flowchart. ARA-C: aracytine; IFN: interferon; TKI:
tyrosine kinase inhibitor; other TKI: patients treated with bosu-
tinib (N=7) or ponatinib (N=9).

Formula (b) gave shorter HT (Online Supplementary Table
S2), but the relationship between HT and the likelihood
of therapeutic response and of TFR maintenance after TKI
discontinuation were identical for both HT values (data
not shown). As the BCR::ABL1/ABLT transcript level can be
considered stable between diagnosis and TKI start™ and
as the variability of the interval between diagnosis and
treatment initiation might lead to an evaluation bias, we
chose to show only the results obtained with formula (b).

Statistical analysis

Categorical data are expressed as numbers and percent-
ages, and continuous data as mean * standard deviation
or median [25%™; 75" percentiles] in function of their sta-
tistical distribution.

The patients not included in the study (N=393) were com-
pared to the included patients (N=408) with the 2 or Fish-
er’s exact test for categorical data, and with the Student’s
t or Mann-Whitney test for quantitative data.

The cumulative MMR, MR4, MR4.5, and MR5 incidences
were measured from the first TKI initiation to the molec-
ular response date. Death before achieving the therapeutic
response was considered as a competing event and the
cumulative incidence curves were compared using the
Gray’s test.*

Receiver operating characteristic (ROC) curves were plot-
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ted to assess whether ELTS score, HT, residual molecular
disease at month 3 and at month 6 could predict the
therapeutic response. Areas under the ROC curves (AUC)
were presented with their 95% confidence intervals (95%
Cl) and compared using the method described by DeLong
ER et al.?® The “optimal” thresholds of HT and residual
molecular disease at month 6 to predict the molecular
response were defined using the method described by Liu
et al.?” that is based on the maximization of the product of
sensitivity (Se) and specificity (Sp). These thresholds were
presented with their Se and Sp.

ROC curves were also plotted to assess whether ELTS score,
HT, residual molecular disease at month 3 and month 6
could predict the achievement of the TKI discontinuation
criteria. Patients who did or did not meet such criteria were
compared using generalized linear mixed models with logit
link function, considering the centers as random effect.
Censored data were estimated using the Kaplan-Meier
method and the factors associated with TFR loss were
studied with the log-rank test.

Statistical analyses were performed with the Stata soft-
ware (version 15; StataCorp, College Station, Texas, USA).
All tests were two-sided, with an a level set at 5%. No
correction for multiple testing was applied in subgroup
analyses.?® The findings obtained from these analyses were
interpreted as exploratory.

S. Saugues et al.

Results

Baseline characteristics of the patients with chronic-
phase chronic myeloid leukemia

The mean age of the 408 patients included in the analysis
was 56.2+15.9 years, and 51.7% of them were men (Table
1). The median molecular follow-up was 62 (interquartile
range [IQR], 33-98) months, and the median TKI treatment
duration was 70 (IQR, 41-101) months. The distribution of
patients with low, intermediate, and high prognostic risk,
based on the Sokal and ELTS scores, was globally similar to
published data.?? Overall, the median HT was 17 (IQR, 12-26)
days and was significantly shorter in the 2G-TKI than IMA
subgroup (13 [IQR, 10-18] vs. 20 [IQR, 13-31] days; P<0.001).

BCR::ABL1 transcript level at month 6 and 12 are the
best predictors of therapeutic molecular responses

In the sample, 318 (77.9%), 209 (51.2%), 160 (39.2%), and
130 (31.9%) patients reached MMR, MR4, MR4.5, and MR5
in a median time of 0.8 (IQR, 0.5-1.5), 1.6 (IQR, 0.8-3.0), 2.3
(IQR, 1.3-41), and 31 (IQR, 2.0-51) years, respectively. At
year 4 of follow-up, the cumulative MMR, MR4, MR4.5, and
MRS5 incidence rates were 87.0%, 52.9%, 35.6%, and 26.6%,
respectively (Online Supplementary Figure S2).

HT was significantly shorter (10-14 days vs. 18-23 days;
P<0.001) in patients who achieved each milestone than in

Table 1. Characteristics of the patient subgroups according to the first-line tyrosine kinase inhibitor.

Men, N (%)
Age in years at diagnosis, mean + standard deviation

Sokal score, N (%)
Low <0.8
Intermediate 0.8-1.2
High >1.2
Unknown

ELTS, N (%)
Low <1.5680
Intermediate 1.5680-2.2185
High >2.2185
Unknown

Molecular follow-up duration in months?, median (IQR)

TKI treatment duration in months®, median (IQR)

Time in months from diagnosis to TKI treatment start, median (IQR)
Halving time in days, median (IQR)

BCR::ABL1/ABL1'S at month 3, median (IQR)

BCR::ABL1/ABL1' at month 6, median (IQR)

Total Imatinib 2G-TKI Other TKI
N=408 N=274 N=118 N=16
211 (51.7) 139 (50.7) 63 (53.4) 9 (56.3)
56.2+15.9 59.3+16.0 50.6+13.9 44.7+12.9
139 (34.1) 95 (34.7) 40 (33.9) 4 (25.0)
178 (43.6) 125 (45.6) 45 (38.1) 8 (50.0)
83 (20.3) 49 (17.9) 30 (25.4) 4 (25.0)

8 (2.0) 5(1.8) 3(2.5) 0 (0.0)
223 (54.7) 154 (56.2) 62 (52.5) 7 (43.8)
127 (31.1) 80 (29.2) 41 (34.7) 6 (37.5)
50 (12.3) 35 (12.8) 12 (10.2) 3(18.8)

8 (2.0) 5(1.8) 3 (2.5) 0 (0.0)
62 (33-98) 63 (34-103) 65 (37-96) 18 (14-24)

70 (41-101) 70 (42-104) 72 (45-100) 22 (19-25)
0.8 (0.5-1.2) 0.7 (0.4-1.1) 0.9[0.5;1.2] 0.7 (0.4-1.2)
17 (12-26) 20 (13-31) 13 (10-18) 18 (13-30)
1.7 (0.4-7.5) 2.8 (0.6-10.7) 0.6 (0.1-1.7) 1.8 (0.5- 8.5)
0.3 (0.0-1.3) 0.5 (0.1-1.6) 0.1 (0.0-0.4) 0.2 (0.0-0.6)

ELTS: EUTOS long-term survival; Other TKI: patients treated with bosutinib (N=7) or ponatinib (N=9); TKI: tyrosine kinase inhibitor; 2G-TKI:
second-generation tyrosine kinase inhibitor (N=101 patients treated with nilotinib and N=17 patients treated with dasatinib). *: duration defined
as the time between the diagnosis date and the date of the last available transcript quantification; *: from the first day of treatment to the

date of discontinuation or the date of extraction from the database.
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those who did not (Online Supplementary Figure S3A). Then,
we used ROC curves to compare the predictive performance
of the main early follow-up parameters: the initial ELTS
score that is considered to be the initial best prognostic
score for patients treated with TKI,*® the BCR::ABL1/ABL1
ratio HT, and residual molecular disease at month 3 and
6 (Figure 2). The initial ELTS score performed badly, as in-
dicated by the ROC-AUC values between 0.56 (to predict
MR4 at month 24) and 0.66 (to predict MMR at month 12).
Overall, HT and residual disease at month 3 performed
similarly (P>0.05) to predict MMR at month 12 (AUC: 0.83,
95% confidence interval [CI]: 0.79-0.87, and AUC: 0.84,
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1.00 s
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95% Cl: 0.80-0.88, respectively), MR4 at month 24 (AUC:
0.79, 95% CI: 0.74-0.84, and AUC: 0.81, 95% CI: 0.76-0.86),
MR4.5 at month 48 (AUC: 0.76, 95% CI: 0.71-0.82, and AUC:
0.77, 95% CI: 0.72-0.83), and MR5 at month 48 (AUC: 0.75,
95% Cl:0.68-0.81, and AUC: 0.75, 95% CI: 0.68-0.81) (Fig-
ure 2A-D). The HT cut-off values used to classify patients
according to the therapeutic response (MMR at month 12,
MR4 at month 24, MR4.5, and MR5 at month 48) were 17
(Se: 0.75; Sp: 0.78), 14 (Se: 0.76; Sp: 0.67), 14 (Se: 0.73; Sp:
0.66), and 14 (Se: 0.68; Sp: 0.68) days, respectively.

Conversely, residual disease at month 6 had a better pre-
dictive value (P<0.05) than the other parameters, as indi-
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Figure 2. Receiver operating characteristic curves. Receiver operating characteristic (ROC) curves to evaluate early parameters
(i.e., EUTOS long-term survival score [ELTS] score, Halving time [HT], BCR::ABL1/ABLT*® ratio at months 3 and 6) as predictive
markers for the achievement of major molecular response (MMR) at month 12 (A, N=400 patients), molecular responses 4-log
reduction (MR4) at month 24 (B, N=330), 4.5-log reduction (MR4.5) (C, N=257) and 5-log reduction (MR5) (D, N=253) at month 48
of tyrosine kinase inhibitor (TKI) treatment. A subgroup analysis was performed in patients with BCR::ABL17 transcript measure-
ment at month 12 to evaluate early parameters as predictive markers of MR4.5 (E, N=205) and MR5 (F, N=203) at month 48. ROC
curve analyses to evaluate early parameters (i.e., ELTS, HT, BCR::ABL1/ABL1S ratio at month 3 and month 6) as predictive markers
of the achievement of the criteria for TKI discontinuation (treated for at least 5 years and with MR4.5 or MR5 for at least 24
months), regardless of when they were obtained (G, N=127). AUC: area under the curve; M3: month 3; M6: month 6; M12: month
12; M24: month 24; M48: month 48. The pairwise comparisons are shown below each panel (only if P value <0.05, Omnibus test),
with black full lines indicating significant differences and gray dashed lines non-significant differences.

cated by the AUC values: 0.92 (95% CI: 0.89-0.95) for MMR
at month 12, 0.88 (95% CI: 0.85-0.92) for MR4 at month 24,
0.81 (95% ClI: 0.76-0.87) for MR4.5 at month 48, and 0.81
(95% ClI: 0.75-0.87) for MR5 at month 48 (Figure 2). The
BCR::ABL1/ABLT ratio cut-off values at month 6 to classify
patients according to their therapeutic response were 0.11%

(Se: 0.80; Sp: 0.77) for MR4 at month 24, 0.17% (Se: 0.71; Sp:
0.78) for MR4.5 at month 48, and 012% (Se: 0.70; Sp: 0.78)
for MR5 at month 48. Therefore, we included the assess-
ment of residual disease at month 12 in the analysis of the
predictive performance of early parameters for achieving
MR4.5 and MR5 at month 48. In a smaller subgroup due to
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the limited data availability (N=205 for MR4.5 and N=203
for MR5), the BCR::ABL1 transcript level at month 12 was
the most effective parameter (AUC: 0.88, 95% Cl: 0.84-
0.93, and AUC: 0.89, 95% CI: 0.84-0.94, respectively) for
predicting MR5 at month 48 (Figure 2E, F).

As we used an ‘intention-to-treat’ approach to analyze
data from patients who received a TKI as first-line treat-
ment, we evaluated the percentages of patients who
changed lines and found that they were similar in the IMA
(87%) and 2G-TKI (32%) subgroups. Then, we carried out
a sensitivity analysis by including only patients who did
not change treatment (N=258). The results were similar
as those for the whole sample (Online Supplementary
Figure S4).

All early parameters poorly predict the achievement
of the treatment discontinuation criteria

According to the French CML study group?® and the ELN
recommendations,?*?° patients treated for at least 5 years
and with MR4.5 or MR5 for at least 24 months are candi-
dates for TKI discontinuation. In our cohort, 127 patients

S. Saugues et al.

(8311%) reached these criteria (Table 2). This subgroup
included 59.1% of women and had a significantly shorter
HT than the subgroup who did not meet these criteria
(14 [IQR, 11-20] vs. 19 [IQR, 13-30] days; P<0.001). This
group also had lower BCR::ABLT transcript level at month
3 (0.6 [IQR, 0.1-3.4] vs. 2.5 [IQR, 0.6-9.9]; P<0.001) and at
month 6 (041 [IQR, 0.0-0.4] vs. 0.5 [IQR, 0.1-1.7]; P<0.001).
However, HT and BCR::ABL1 transcript quantification at
month 3 and month 6 moderately predicted the achieve-
ment of the TKI discontinuation criteria: AUC=0.65 (95%
Cl: 0.60-0.71), 0.66 (95% ClI: 0.60-0.71) and 0.66 (95%
Cl: 0.61-0.72), respectively (Figure 2G). Among these 127
patients, 60 (47.2%) discontinued treatment due to op-
timal therapeutic response (according to the clinician’s
judgment). We divided these 127 patients in four groups
using the HT quartiles: <10.60, 10.60 to 13.93, 13.94 to
20.50, and 220.50 days. The percentage of patients who
discontinued treatment was higher in first quartile HT
group (33.3% vs. 17.9% of patients who continued their
treatment), and lower in the fourth quartile (20.0% vs.
28.4%).

Table 2. Characteristics of candidates who met the criteria for tyrosine kinase inhibitor discontinuation and of patients who

stopped treatment in real life.

Met the withdrawal criteria?

First-line TKI, N (%)
Imatinib
Nilotinib
Dasatinib
Other

Men, N (%)
Age at diagnosis in years, mean + standard deviation

Sokal score, N (%)
Low
Intermediate
High
Unknown

ELTS score, N (%)
Low
Intermediate
High
Unknown

Molecular follow-up duration in months, median (IQR)

TKI treatment duration in months, median (IQR)

Time from diagnosis to TKI initiation in months, median (IQR)
Halving time in days, median (IQR)

BCR::ABL1/ABL 1 at month 3, median (IQR)
BCR::ABL1/ABL1'S at month 6, median (IQR)

Stopped treatment due to optimal
therapeutic response in real life

N=127 N=70
88 (69.3) 39 (55.7)
31 (24.4) 21 (30.0)
7 (5.5) 10 (14.3)
1(0.8) 0(0.0)
52 (40.9) 28 (40.0)
56.4+16.0 55.1x14.6
38 (29.9) 26 (37.1)
59 (46.5) 25 (35.7)
28 (22.0) 18 (25.7)
2(1.6) 1(1.4)
77 (60.6) 51 (72.9)
31 (24.4) 11 (15.7)
17 (13.4) 7 (10.0)
2(1.6) 1(1.4)

103 (78-129) 107 (81-135)

91 (76-115) 80 (68-104)
0.8 (0.5-1.1) 0.7 (0.5-1.2)
14 (11-20) 12 (9-16)
0.6 (0.1-3.4) 0.4 (0.1-2.0)
0.1 (0.0-0.4) 0.1 (0.0-0.3)

ELTS: EUTOS long-term survival; TKI: tyrosine kinase inhibitor; Other (N=1): patient treated with bosutinib. ®At least 5 years of treatment and

at least MR4.5 for 2 years.
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Early parameters are not correlated with treatment-free
remission maintenance in patients who discontinued
tyrosine kinsase inhibitors due to optimal therapeutic
response

In the study cohort, 70 patients (17.2% of the whole sample
and 55% of patients who reached the discontinuation cri-
teria) discontinued treatment due to optimal therapeutic
response (according to the clinician’s judgement). Their
characteristics are presented in Table 2. Compared with
the subgroup that did not stop treatment, this subgroup
had shorter HT (12 [IQR, 9-16] vs. 18 [IQR, 13-29] days;
P<0.001) and lower BCR::ABL1 transcript level at month 3
(0.4 [IQR, 0.1-2.0] vs. 2.3 [IQR, 0.5-8.2] %; P<0.001) and at
month 6 (01 [IQR, 0.0-0.3] vs. 0.4 [IQR, 01-1.5]; P<0.001).
Twenty-eight patients (40.0% of 70) restarted treatment due
to molecular relapse. TFR loss was associated only with
intermediate (vs. low) ELTS score (hazard ratio [HR]=1.86,
95% CI: 1.31-2.66; P=0.001), but not with age, sex, Sokal
score, follow-up duration, first-line TKI, treatment duration,
and HT. Particularly, HT was not significantly different in
patients who relapsed and those with TFR maintenance
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(12 [IQR, 9-15] and 13 days [IQR, 10-19]; P=0.52). We divided
these 70 patients in four groups using the HT quartiles:
<9.40, 9.40 to 12.20, 12.20 to 17.40, and 217.40 days. De-
spite low patient numbers, the percentage of patients who
relapsed was higher in the first HT quartile group (35.7%
vs. 19.0% of patients with TFR maintenance) and lower in
the fourth quartile group (21.4% vs. 26.2% of patients with
TFR maintenance).

Analysis of factors associated with relapse at specific
time points after TKI discontinuation (12 months [N=22/63
patients with relapse], 18 months [N=24/61 patients with
relapse] and 24 months [N=24/57 patients with relapse])
did not show any relationship between TFR maintenance
and HT or BCR::ABL1 transcript quantification at month 3
and 6 (data not shown).

First-line tyrosine kinase inhibitor influence

As previous studies reported faster initial residual disease
reduction with 2G-TKI,330-3% we classified patients into two
subgroups (IMA, N=274; 2G-TKI, N=118) to assess the influ-
ence of the first-line TKI on the predictive performance of
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Figure 3. Receiver operating characteristic curves. Receiver operating characteristic (ROC) curves to evaluate the predictive
performance for achieving the major molecular response (MMR) at month 12 (A, N=392 patients), molecular response 4-log re-
duction (MR4) at month 24 (B, N=332), 4.5-log reduction (MR4.5) (C, N=263) and 5-log reduction (MR5) (D, N=258) at month 48
of tyrosine kinase inhibitor (TKI) treatment in function of the first-line treatment (imatinib or second-generation tyrosine kinase
inhibitor [2G-TKI] [nilotinib and dasatinib]). AUC: area under the curve; M3: month 3; M6: month 6; M12: month 12; M24: month
24; M48: month 48. The pairwise comparison (P value) is shown in each graph.

Haematologica | 109 September 2024
2900



ARTICLE - Early CML parameters predict only optimal response

early therapeutic response parameters. The percentages
of patients who subsequently changed TKI were broadly
similar in the IMA and 2G-TKI subgroups (37.2% and 32.2%).
The cumulative incidence analysis according to the first-line
TKI confirmed the higher initial efficacy of 2G-TKI (Online
Supplementary Figure S2C-J). Moreover, HT was shorter in
the 2G-TKI subgroup than in the IMA subgroup, particularly
in patients who reached each molecular response milestone
at the relevant time point (Online Supplementary Figure
S2B-C). Consequently, the ROC analyses showed that HT
was a better predictor of MR4 at month 24, MR4.5 at month
48, and MR5 at month 48 in the 2G-TKI subgroup than in
the IMA subgroup, but not of MMR at month 12 (Figure
3A-D). Overall, the relative performance of the four early
parameters was equivalent in the two subgroups, with the
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exception of a higher performance of the ELTS score in the
2G-TKI group. The 6-month BCR::ABLT quantification was
the best predictor of early therapeutic responses (MMR
and MR4) in both subgroups (Figure 4A-H).

Concerning the achievement of the criteria for TKI discon-
tinuation, all four early parameters performed poorly in the
IMA subgroup (P=0.23) (Figure 5A). In the 2G-TKI subgroup,
the ELTS score performed worst. HT and residual disease at
month 3 and month 6 performed moderately and similarly
(AUC values between 0.68 and 0.73) (Figure 5B). Despite
the low number of patients who discontinued treatment
(N=39 and N=31in the IMA and 2G-TKI subgroups) and who
relapsed (N=14/39 and N=14/31in the IMA and 2G-TKI sub-
groups), TFR loss was associated only with intermediate
(vs. low) ELTS score (HR=3.53, 95% Cl: 2.42-5.16; P<0.001)
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Figure 4. Receiver operating characteristic curves. Receiver operating characteristic (ROC) curves to compare the predictive
performance of the 4 early parameters (i.e., EUTOS long-term survival score [ELTS] score, Halving time [HT], BCR::ABL1/ABLT1*®
ratio at month 3 and 6) to achieve molecular response in function of the first-line treatment (imatinib or second-generation
tyrosine kinase inhibitor [2G-TKI] [nilotinib and dasatinib]): major molecular response (MMR) at month 12 (A, N=269; B, N=115),
4-log reduction (MR4) at month 24 (C, N=221; D, N=104), 4.5-log reduction (MR4.5) (E, N=173; F, N=83) and 5-log reduction (MR5)
(G, N=171; H, N=81) at month 48 of TKI) treatment in the imatinib and 2G-TKI subgroups, respectively. AUC: area under the curve;
M3: month 3; M6: month 6; M12: month 12; M24: month 24; M48: month 48. The pairwise comparisons are shown below each
panel (only if P value <0.05, Omnibus test), with black full lines indicating significant differences and gray dashed lines non-sig-

nificant differences.

in the IMA subgroup and with female sex (HR=2.73, 95%
Cl: 1.40-5.34; P=0.003), HT (HR=2.69, 95% CI: 1.49-4.86;
P=0.001) and BCR::ABL1 level at month 3 (HR=1.63, 95% CI:

1.04-2.54; P=0.03) in the 2G-TKI subgroup.

Discussion

With the availability of particularly effective targeted thera-

pies, new challenges have been defined for the personalized
management of CP-CML, particularly the identification of
early parameters predictive of the therapeutic response,
achievement of the treatment discontinuation criteria and
of TFR maintenance after TKI discontinuation.

In this study, we analyzed and compared for the first time
the predictive performance of one prognostic parameter
(ELTS score) and three early parameters related to the initial
molecular response (HT, BCR::ABL1 transcript quantification
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Figure 5. Receiver operating characteristic curves. Receiver operating characteristic (ROC) curves to compare the predictive
performance of the 4 early parameters (i.e., EUTOS long-term survival score [ELTS], Halving time [HT], BCR::ABL1/ABLT* ratio at
month 3 and 6) to meet the tyrosine kinase inhibitor (TKI) discontinuation criteria (A, N=269; B, N=115) in the imatinib and sec-
ond-generation TKI (2G-TKI) (nilotinib and dasatinib) subgroups, respectively. AUC: area under the curve; M3: month 3; M6: month
6. The pairwise comparisons are shown below each panel (only if P value <0.05, Omnibus test), with black full lines indicating
significant differences and gray dashed lines non-significant differences.

at months 3 and 6) for predicting the subsequent molecular
response, the achievement of the TKI discontinuation crite-
ria, and TFR maintenance after treatment discontinuation.
In this real-life cohort from the French CML Observatory,*
the ELTS score was the least effective parameter, confirming
recent observations.*® The ELTS score has been proposed
as a first-line tool to better assess the risk of death.? It
has been validated as the most effective prognostic score
for patients treated with 2G-TKI and for predicting MMR,
MR4 as well as overall, failure-free and progression-free
survival in a real-life cohort.?*?53* However, in this first
comparative study, it clearly performed less well than the
initial assessments of the BCR::ABL1T transcript. This helps
to explain why some patients with high-risk score have a
deep molecular response and others with an intermediate
or low score have a sub-optimal therapeutic response.?*2%
It also suggests that the early assessment of the molecular
response is more informative than prognostic scores for
predicting the optimal molecular response.

In this cohort, we confirmed that the median HT was shorter
in patients who achieved the different levels of molecular
response than in those who did not. However, its predic-
tive value is not better than that of residual disease at
month 3 and at month 6, which therefore, remain essential
milestones for the individual follow-up, confirming the
ELN recommendations.2 Among the four early parameters
studied, residual disease at month 6 was the best param-

eter for predicting MR4.5 and MR5 at year 4 of treatment.
The clinical benefit of assessing residual disease in the
same patient at month 3 and 6 remains debated."*%3¢ Qur
results strengthen the ELN and NCCN recommendations
to confirm 1-3 months later any non-optimal response at
month 3% and support the possibility of obtaining a MMR
even in the event of an insufficient result at month 3.2' In
view of these results, we added also residual disease at
month 12 in the comparative analysis. Although this analysis
concerned a smaller subgroup, residual disease at month
12 was the best parameter for predicting optimal molec-
ular responses, strengthening previous results.®® This also
reflects the growing importance of achieving therapeutic
objectives during the first year, and indirectly the possibility
of correcting a time point with a non-optimal therapeutic
response at the next time point. As suggested recently, the
requirement to reach the earliest molecular milestones
could be made more flexible by integrating other factors
(e.g., prognostic score, comorbidities, toxicities, dose ad-
aptation) before changing treatment.

As the initial BCR::ABL1 transcript kinetics are influenced
by the first-line TKI, we confirmed that 2G-TKI resulted in
a more rapid molecular response and therefore, shorter HT
compared with imatinib. Nevertheless, the performances
of the four early parameters were globally similar in the
2G-TKI and IMA subgroups, with the exception of a ten-
dency to improved performance of the ELTS score and a
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weaker performance of residual disease at month 6 in the
2G-TKI subgroup.

On the other hand, all four early parameters were poor
predictors of the achievement of the TKI discontinuation
criteria (i.e., >5 years of TKI treatment and DMR >2 years.
Notably, unlike for the analysis of the molecular response
levels reached at defined times, we included all patients
who reached the TKI discontinuation criteria, regardless
of the time required to achieve this. Therefore, this sub-
group included patients who reached a DMR later, in line
with the observed progressive accumulation of responses
over time.* Thus, despite their strong relationship with the
overall treatment efficacy, the predictive value of the early
parameters concerning the TKI discontinuation criteria
was low.

Furthermore, analysis of patients who discontinued TKI after
optimal response did not identify any relationship between
the early quantification of residual disease, including HT,
and the likelihood of TFR maintenance. Only the ELTS score
was moderately associated with TFR maintenance. The low
interest of BCR::ABL1 transcript quantification at month 3
confirmed previous results,®* but not the low interest of HT,
even when divided in quartiles. Several differences between
our study and that by Shanmuganathan et al."” should be
considered: i) our cohort included more patients with high
ELTS scores (12.3% vs. 6.4%), similarly to previous stud-
ies;*?223 ji) the proportion of patients treated with first-line
2G-TKI was higher (28.9% vs. 16.8%); iii) the presence of a
smaller subgroup of patients with TKI discontinuation (N=70
vs. N=115) and with longer post-discontinuation follow-up
(at 12, 18 and 24 months vs. 12 months only) that allowed
a more exhaustive collection of the relapse rate given the
late relapses observed in this real-life cohort;* iv) the group
of patients who discontinued TKI was smaller. This could
represent a bias. However, we did not observe any major
differences between this group and all patients who met
the TKI discontinuation criteria (i.e., optimal responders).
Moreover, a high percentage of patient who relapsed be-
longed to the first HT quartile group, arguing against any
HT influence on TFR maintenance; and v) the comparative
analysis with other early parameters using ROC curves; vi)
the slower overall HT kinetics (17 vs. 14 days). Moreover,
the HT difference was underestimated because we used
the date of the first day of treatment and not the date of
the initial BCR::ABL1 transcript quantification. However, our
cohort included a higher proportion of patients treated
with 2G-TKI and therefore, with shorter median HT com-
pared with imatinib (13 vs. 20 days). These differences may
partly explain these contradictory results and it should be
interesting to measure the HT in larger cohorts.

In our real-life cohort, the poor association between early
molecular response parameters and the chances of reaching
the criteria for TKI discontinuation or of remaining in TFR
suggests that these early parameters remain of limited
interest for deciding to stop TKI in real-life. Thus, while

S. Saugues et al.

the criteria related to the initial kinetics of tumor mass
reduction are essential for predicting the optimal response,
once this response is obtained, predicting the maintenance
of a deep response and the possibility of discontinuing TKI
without relapse is no longer dependent on this early phase.
This observation suggests the existence of a Markov-type
process during the follow-up of TKI-treated patients with
CP-CML that we summarized in a graphical abstract (Figure
6). Therefore, we lack biomarkers that are linked to the
deep response phase, before stopping treatment, and that
could be used to predict TFR maintenance. Future investiga-
tions might focus on the pharmacological and/or biological
mechanisms involved in the long-term DMR maintenance
and the eradication of the clone or at least of CML stem
cells that are subtly different from those underlying the
initial reduction of the leukemic clone. Indeed, we do not
know what happens during the years when the residual
disease is <0.1% before becoming undetectable, or during
DMR maintenance before TKI discontinuation. This phase
appears essential, as shown by the association between
the duration of treatment and DMR and the maintenance
of TFR.?%4° Strong arguments have been accumulated in
favor of the favorable influence of the lowest possible
number of residual CML cells at the time of TKI cessation,
as demonstrated by studies using digital PCR.**2 Howev-
er, the question of the gradual elimination of immature
CML progenitors during treatment, which is influenced by
their cycling rate, the immune system involvement or the
bone marrow microenvironment, remains open.*® Research
mainly focused on the period when treatment is stopped,
but the mechanisms underlying treatment duration or DMR
duration before TKI discontinuation remain unknown. Few
initial parameters have been linked to TFR maintenance
(ELTS score, age, type of transcript, telomeres), but they
are of little use for personalizing treatment.* Identifying
the parameters that predict TFR maintenance and that can
be measured before treatment discontinuation remains a
major challenge in CML.

Our study presents the limitations of a study based on
retrospective data collected in real life, with patient recruit-
ment left to the physicians’ willingness. Nonetheless, the
patient characteristics were broadly equivalent to those of
clinical trial cohorts, suggesting the absence of a significant
recruitment bias, probably mitigated by the multicenter
organization. Moreover, the “intention to treat” approach
did not take into account potential subsequent changes in
treatment lines. However, the percentage of line changes
was similar in all subgroups, and the sensitivity analyses
on data from the group that did not change treatment or
dose early gave similar results. Lastly, this study did not
take into account dose adaptations because their anal-
ysis would have been difficult due to the many different
therapeutic trajectories. Therefore, we proceeded on the
principle that patient care and therapeutic adaptations in
real life were decided pragmatically. Therefore, any treat-
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Figure 6. Summary diagram of the parameters with predictive value during the typical trajectory of a patient with chronic my-
eloid leukemia treated with tyrosine kinase inhibitor. The patient follow-up is schematized by showing the tumor burden chang-
es and the residual disease, the achievement of a deep molecular response (DMR), and then the eventual tyrosine kinase inhib-
itor (TKI) withdrawal based on the discontinuation criteria. According to the results of this study, early parameters (i.e., Halving
time [HT], BCR::ABL1/ABLT* ratio at month 3, 6 and 12) and the choice of first-line TKI can be used to predict DMR (A). The rela-
tionship is represented by a connector; its robustness is indicated with a proportional blue diamond. The parameters predicting
treatment-free remission (TFR) maintenance after TKI discontinuation (i.e., DMR duration and depth, treatment duration, EUTOS
long-term survival score (ELTS), age, e14a2 transcript) are indicated (B). The relationship is represented by a connector; its ro-
bustness is indicated with a proportional yellow diamond. Parameters relating to the period of therapeutic maintenance of the
optimal molecular response are currently missing (C). CML: chronic myeloid leukemia; DMR: deep molecular response (MR4.5 or
MR5); IMA: imatinib; M3: month 3; M6: month 6; M12: month 12; 2G-TKI: second generation TKI (nilotinib or dasatinib); yrs: years.

ment adaptation (change of line or dose adjustment) was
considered to be based on the ELN recommendations or
on the summary of the drug characteristics. Consequently,
the analysis carried out implies that the early parameters
of the therapeutic response were considered as the result
of real-life care, regardless of the modifications made, and
the analysis was focused on their predictive value related
to the initial CML clone kinetics. The sensitivity analysis
of the subgroup that did not change treatment supports
this view.

In conclusion, in this real-life cohort, the results of this first
comparative study of early therapeutic response param-
eters show that they are excellent markers of TKI efficacy
and for identifying the best responders. They reinforce the
current recommendations for monitoring residual disease
during the first year. However, this study also highlights their
inadequacy for predicting the achievement of TKI discontin-
uation criteria and TFR maintenance. The identification of
parameters predictive of TFR maintenance remains a major

challenge, and would require a more detailed analysis of
patient trajectories before TKI cessation in large cohorts
and better understanding the biological mechanisms as-
sociated with maintenance of the remission status.
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