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Abstract: Background: While outcomes of chronic phase chronic myeloid leukemia (CP-CML)
patients aged over 65 years have been extensively evaluated in real-life experiences, limited data
exist for the very elderly population (i.e., aged > 75 years), especially for next-generation tyrosine
kinase inhibitors (TKIs). In this retrospective study, we sought to evaluate the safety and efficacy of
TKIs in this particular setting of patients. Methods: We conducted a retrospective analysis of a
multicenter cohort of 123 newly diagnosed CP-CML very elderly patients. Results: The median age
at diagnosis was 80 years (range: 75-96). In the first-line, 86.1% of patients received imatinib, 7.1%
dasatinib, 5.6% nilotinib, and 0.81% received bosutinib. A total of 31 patients (25.2%) switched to
second-line therapy, nine patients to a third-line and one patient to a fourth line of therapy.
Resistance to treatment was the primary reason for switching therapy in both the first (64.5%) and
second lines (77.7%). At diagnosis, reduced doses were administered in 36.5% of patients, in 61.2%
in the second line, and in all patients in subsequent lines of therapy. In first-line setting, 71.9% of
patients achieved an early molecular response (EMR, i.e. 3-month BCR::ABL1"S <10%); at 6, 12, and
24 months, MR3 was reached by 35.7%, 55.7%, and 75.0% of patients, with 16.6%, 35.7%, and 51.7%
achieving DMR at the same timepoints. Treatment-free remission (TFR) was successfully attempted
in 11 patients. During the follow-up period, adverse events (AEs) were observed in 78.8% of
patients, including 22 cases of cardiovascular AEs. Toxicity grade >3 was more commonly observed
in patients treated with standard doses of TKIs compared to reduced doses (p=0.033). Overall,
median follow-up was 46.62 months (range: 1.8-206.2), and 43 patients died due to non CML related
causes. Three patients died due to disease progression to advanced (n=1) and blastic (n=2) phases.
The 5-year overall survival (OS) for the entire cohort was 71.9% (95% CI: 0.63-0.81), with no
significant difference between patients treated with standard doses of TKI compared to those
treated with reduced doses (p=0.35). Conclusions: TKIs appear to be safe and effective even in very
elderly CML patients, and dose optimization strategies yield satisfactory molecular responses for
adequate disease control with an improved safety profile.

Keywords: chronic myeloid leukemia; tyrosine kinase inhibitor; very elderly; safety; efficacy;
outcome; dose optimization

1. Introduction

In chronic myeloid leukemia (CML), age as a prognostic factor has been significantly recognized
and has been included into the Sokal and EURO scores [1,2]. However, the advent of tyrosine kinase
inhibitors (TKIs) has revolutionized the clinical strategy for the disease, substantially enhancing
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outcomes, even among older patients [3]. In the pre-TKIs era, the treatment approach for elderly CML
patients primarily focused on minimizing the disease burden, considering therapy-related toxicities
and the frailty of the patients [4].

Significantly, starting from 2018, the average life expectancy for male CML patients aged over
65 is approximately 16 years, while for those aged over 75, it is around 9 years [5]. However, despite
these encouraging statistics, age continues to be considered in the latest ELTS score, albeit with
reduced influence on outcomes [6]. Managing elderly CML patients continues to pose a challenge,
highlighting the need for tailored approaches in this population.

Comorbidity, geriatric syndromes, and polypharmacy are frequently heightened in elderly CML
patients [7]. Furthermore, age-related variations in pharmacokinetic and pharmacodynamic
parameters can alter drug tolerance and efficacy [8]. Consequently, older patients are often excluded
from participation in clinical trials, and available data primarily stem from real-world experiences
[9]. Notably, Rohrbacher et al. demonstrated that CML patients enrolled in clinical trials are, on
average, ten years younger than those who are not included [10]. While imatinib (IMA) has
demonstrated excellent safety and efficacy, even in very elderly patients (i.e., aged = 75 years) [11],
there is limited knowledge regarding the use of next-generation TKIs in this population. Although
age does not hinder the achievement of molecular responses in older patients treated with second
(2G) or third-generation (3G) TKIs, the presence of comorbidities may limit their prescription [12].
Consequently, a careful evaluation is necessary to mitigate the risk of life-threatening adverse events
(AEs).

Dose-optimization strategies have shown favorable outcomes in real-world in minimizing
toxicity while ensuring the attainment and sustenance of molecular responses [13-16]. This approach
can be particularly advantageous for older or frail patients at diagnosis or during follow-up, helping
to mitigate persistent or low-grade AEs such as fatigue or edema associated with IMA and diarrhea
linked to bosutinib (BOS) [17]. Furthermore, the goal of limiting cardiovascular and pulmonary
toxicities associated with nilotinib (NIL), dasatinib (DAS), and ponatinib (PON) can be accomplished
through dose reduction in patients achieving optimal response [12].

Limited research has specifically focused on the efficacy and safety of TKIs in very elderly CML
patients. Furthermore, data on the feasibility of using PON and asciminib (ASC) in very elderly
patients who have shown resistance to prior treatment lines are still limited. Therefore, the aim of
this retrospective multicentric study was to evaluate the safety and efficacy of TKIs in a cohort of 123
newly diagnosed very elderly CML patients, providing valuable real-world data.

2. Materials and Methods

We performed a retrospective analysis on 123 newly diagnosed CML patients aged > 75 years,
from January 2003 to January 2023. Four Italian centers collaborated and provided required data after
obtaining informed consent from all patients. Diagnostic and response criteria were based on current
European LeukemiaNet (ELN) recommendations [18]. Information extracted from patients' records
included data about to age, medical history, medication history, disease stage, and risk of progression
based on Sokal and ELTS scores at the time of diagnosis [1,6]. Comorbidities burden have been
evaluated with the Charlson Comorbidity Index (CCI) [19]. Data regarding the treatment duration
for each TKI in the first, second, third, and fourth lines of therapy were collected, including
information on the initial doses and any dose reductions during follow-up. Hematological and non-
hematological toxicities were assessed and graded based on the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0 [20].

Bosutinib was administered as first-line treatment in a patient enrolled in the BFORE registration
trial (NCT02130557), which compared bosutinib with imatinib as first-line therapy [21].

Cytogenetic responses were evaluated using standard G-banded karyotype on bone marrow
(BM) aspirates, or by fluorescent in situ hybridization (FISH) on BM interphasic cells. Transcription
levels of BCR::ABL1 were evaluated by RQ-PCR in certified laboratories and molecular responses
(MR) defined according to standardized criteria as Major Molecular Response (MMR) (BCR::ABL1'

doi:10.20944/preprints202312.0595.v1


https://doi.org/10.20944/preprints202312.0595.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2023

3

< 0.1%) and Deep Molecular Response (DMR) (MR4.0, BCR::ABL1'S <0.01%; MR4.5, BCR::ABL1'S <
0.0032%; MR5.0, BCR::ABL1™ < 0.001%) [18].

Continuous variables were reported as medians and ranges, while categorical variables were
presented as frequencies and percentages. Overall survival (OS) was calculated from the date of
diagnosis until the time of death or last follow-up, while event-free survival (EFS) was calculated
from the initiation of each TKI treatment until treatment failure, discontinuation for any reason,
progression to accelerated phase (AP), or blast phase (BP). Progression-free survival (PFS) was
calculated from the start date until progression to AP or BP. Group comparisons were conducted
using appropriate statistical tests such as unpaired t-tests, chi-square tests, and Fisher's exact test. A
significance level of p<0.05 was considered statistically significant. Survival analysis was performed
using Kaplan-Meier curves, and differences were assessed using log-rank tests. Univariate and
multivariate analyses were carried out using Cox regression analysis to determine hazard ratios (HR)
and 95% confidence intervals (95% CI) for factors associated with survival. The analysis was
conducted using R (R Core Team, 2020) and RStudio (RStudio Team, 2020).

3. Results

3.1. Patients

A total of 123 very elderly newly diagnosed CML patients were included in the study. The patient
characteristics are displayed in Table 1. The median age at diagnosis was 80 years (range: 75-96).
Among the patients, 48% were aged 85 years or older. All patients were in chronic phase (CP) of
CML. Based on the Sokal score, 0.8% of patients had a low risk, 71.5% had an intermediate risk, and
27.6% had a high risk. According to the ELTS score, 3.2% of patients were classified as low risk, 61.7%
as intermediate risk, and 34.9% as high risk. Baseline comorbidities were documented in 118 out of
123 patients (95.9%).

Table 1. Patient characteristics at diagnosis.

Characteristics
Patients, n 123
MJE, n (%) 48/75 (39.0/60.9)
Median age at diagnosis, years (range) 80 (75-96)
SOKAL score, n (%)
Low 1(0.8)
Intermediate 88 (71.5)
High 34 (27.6)
ELTS, n (%)
Low 4(3.2)
Intermediate 76 (61.7)
High 43 (34.9)
Comorbidities at diagnosis, 1 (%) 118 (95.9)
Median CCI (range) 1 (0-5)
CCIO0, n (%) 55 (44.7)
CCI1, n (%) 28 (22.6)
CCI 22, n (%) 40 (32.5)
Median comorbidities per patients (range) 3.21 (0-9)
Cardiovascular disease, n (%) 101 (82.1)
Arterial Hypertension 58 (47.1)
Chronic Ischemic Heart Disease 7 (5.6)
Acute Myocardial Infarction 10 (8.1)

Atrial Fibrillation 13 (10.4)
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Stroke 6 (4.8)
Transient Ischemic Attack 7 (5.6)
Chronic Obstructive Pneumonia Disease, 1 (%) 13 (10.5)
Chronic Kidney Disease, 1 (%) 12 (9.7)
eGFR (CKD-EPI) < 30 ml/min 16 (13.0)
eGFR (CKD-EPI) 30-60 ml/min 38 (30.8)
Dyslipidemia, # (%) 43 (34.9)
Diabetes Mellitus Type 2, n (%) 13 (10.4)
Benign Prostatic Hyperplasia, n (%) 20 (16.2)
Cancer history, n (%) 22 (17.8)
Breast cancer 6 (4.8)
Colorectal cancer 3(2.4)
Prostatic cancer 9(7.1)
Other cancer 11 (8.9)
Patients in treatment for any causes, n (%) 116 (94.3)
Median drugs per patients (range) 4.57 (0-13)
Polypharmacy (>5 drugs), n (%) 58 (47.1)
Smokers, 1 (%) 14 (11.3)

CCI, Charlson Comorbidity Index; ELTS, EUTOS Long-Term Survival; eGFR, estimated Glomerular Filtration
Rate.

Collectively, 103 patients (83.7%) had cardiovascular (CV) risk factors at baseline, including
hypertension, dyslipidemia, type 2 diabetes, and smoking habit, while 52 (42.2%) had a history of
cardiovascular disease (CVD). Among these patients, 7 (5.6%) had chronic heart failure, and 13
(10.4%) had atrial fibrillation. Moreover, 10 patients (8.1%) had a history of myocardial infarction and
13 (10.4%) of stroke or transient ischemic attack (TIA). The CCI was 0 in 55 patients, 1 in 28 patients
and =2 in 40 patients. In total, 116 patients (94.3%) assumed concomitant medications for any causes,
with an average of 4.5 drugs per person (range: 0-13). Polypharmacy, defined as the use of > 5 drugs,
was found in 47% of the patients.

3.2. Response rate and survival

In frontline therapy, patients were treated with IMA (n=101; 86.1%), DAS (n=9; 7.1%), NIL (n=7;
5.6%) and BOS (n=1; 0.81%). Median doses and duration for each line of therapy are shown in Table
2.

Table 2. Dosages and treatment durations in different lines of therapy.

Line of treatment Drug N. of patients Median dose, mg/dayMedian duration of

(range) treatment, months (range)
First line (n=123)
IMA 106 (86.1) 400 (100-800) 41.9 (1-201)
NIL  7(5.6) 600 (300-600) 48.2 (7-102)
DAS 9(7.1) 100 (50-100) 46.7 (3-102)
BOS 1(0.8) 400 31
Second line (n=31)
IMA 1@3.2) 400 77
NIL  6(19.3) 600 (400-800) 58.6 (5-116)
DAS 13 (41.9) 100 (50-300) 46.1 (7-105)
BOS 9(29.0) 300 (100-500) 18.4 (3-87)
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PON 2(6.4) 15-30 39 (8-70)
Third line (n=9)
NIL  2(222) 200-400 48 (46-50)
DAS 1(11.1) 50 119
BOS 1(11.1) 300 21
PON 5(55.5) 15 (15-45) 32.2 (1-91)
Fourth line (n=1)
ASC 1 400 45

ASC, asciminib; BOS, bosutinib, DAS, dasatinib; IMA, imatinib; NIL, nilotinib; PON, ponatinib.

Dose-reduced TKIs were administered in 45 patients (36.5%) in first line; patients treated with
reduced doses of TKIs (RD-TKIs) were older compared to those treated with standard doses (SD-
TKIs) (median age: 79 years vs. 82 years, p=0.0003), with no significant differences in the number of
comorbidities between the two groups (p=0.11).

Overall, the 3-month cytogenetic response was assessed in 75 patients, with 29.3% achieving
Partial Cytogenetic Response (PCyR) and 45.3% achieving Complete Cytogenetic Response (CCyR).
Among patients evaluable for MR, 71.9% (64/89) achieved an early molecular response (EMR, i.e. 3-
month BCR::ABL1 <10%). At 6, 12, and 24 months of treatment, MR3 was achieved by 35.7% (30/84),
55.7% (39/70), and 75.0% (42/56) of patients, respectively. Additionally, at these timepoints, 16.6%,
35.7%, and 51.7% of patients achieved a DMR. Overall, 29.9% of patients did not achieve a MR in the
first-line treatment.

The cumulative incidence of MMR at 6, 12, and 24 months in evaluable patients was 37% (95%
CI: 26-48), 56% (95% CI: 43-67), and 81% (95% CI: 67-89) for patients treated with SD-TKIs. For those
treated with RD-TKI, the cumulative incidence was 18% (95% CI: 6.9-32), 52% (95% CI: 32-68), and
74% (95% CI: 51-87). No statistically significant differences were observed between the two patient
groups (p=0.3).

Thirty-one patients (25.2%) switched to a second line of treatment (Figure 1), mainly for
resistance to treatment (64.5%): thirteen patients switched to DAS (41.9%), nine to BOS (29.0%), six to
NIL (19.3%), two to PON (6.4%) and one to IMA (3.2%). In the second line, 19 patients (61.2%) were
treated with RD-TKIs. Over the 24 months of follow-up, 48.3% of patients achieved either MR3 or
DMR, with only one patient being unevaluable for MR. In the second line as well, the cumulative
incidence of MMR at 6, 12, and 24 months did not differ between those administered with SD-TKIs
or RD-TKIs (p=0.2).

Frontline Second line Third line Fourth line

ASC
. PON -

DAS [ BOS

D NIL

BOS

~ DAS
NIL
NIL
D PON
TFR

<
DAS
|:| 1 IMA
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Figure 1. Treatment pathways across lines of therapy. ASC, asciminib; BOS, bosutinib, DAS,
dasatinib; IMA, imatinib; NIL, nilotinib; PON, ponatinib; TFR, treatment free remission.

Nine patients switched to a third line of treatment, primarily due to resistance in seven patients
(77.7%), and intolerance in two patients (22.2%). Mutation analysis identified the T315] mutation in
one patient and G442E mutation in another. PON was administered in five patients, while two
patients switched to NIL, and two to DAS and BOS each. Four patients achieved an MR3 or DMR
during the 24 months of follow-up, other four patients never achieved any MR, while one patient was
not evaluable for MR.

Only one patient switched to a fourth line due to the T315I mutation and initiated ASC at the
dose of 200 mg BID. Basal BCR::ABL1'S was 35%; after 3 months of treatment the patient achieved the
MMR and maintained it until the last follow-up. After 58 days of treatment, the patient experienced
a grade 3 increase of transaminases, leading to a temporary discontinuation of ASC. The TKI was
reintroduced at a reduced dosage once toxicity resolved, and no new episodes were reported
thereafter.

Overall, median follow-up was 46.62 months (range: 1.8-206.2). Out of the total cohort, 43
patients (34.9%) died, mainly from causes unrelated to CML (93%), while three patients died due to
progression to BP.

The OS rates for the entire cohort were 96.6% (95% CI: 0.93-0.99) at 1 year, 71.9% (95% CI: 0.63-
0.81) at 5 years and 37.7% (95% CI: 0.27-0.52) at 10 years of follow-up. There was no significant
difference in OS between patients treated with SD-TKIs or RD-TKIs (p=0.35) (Figure 2). In evaluable
patients (n=115), EFS was 62 months (95% CI: 44-78) in the first-line treatment, while it was 57 months
(95% CI: 20-90) in the second-line treatment. Additionally, median EFS of patients treated with SD-
TKIs was significantly shorter compared to RD-TKIs (80 months vs. 57 months, p=0.048) (Figure 2).
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Figure 2. (a) Overall Survival and (b) Event-Free Survival in the Standard-Dose TKIs (SD-TKIs) and
Reduced-Dose TKIs (RD-TKIs) cohorts.

Overall, the PFS was 95.3% (95% CI: 0.90-1). Univariate and multivariate analyses were
performed to assess the predictive role of various baseline characteristics (age at diagnosis, sex, Sokal
score, ELTS score, CCI, comorbidities, and polypharmacy) as well as treatment-related factors
(number of treatment lines, grade > 3 AEs) on survival outcomes in the entire patient cohort. Among
these factors, only age at diagnosis > 80 years demonstrated a negative prognostic impact in both the
univariate analysis (p=0.00017) and the multivariate analysis (p=0.00079), indicating that very older
age at diagnosis was associated with poor survival outcome.

3.3. Adverse events

During the follow-up period, AEs were observed in 97 patients (78.8%), with the majority
classified as non-hematological (72.4%) and graded as 1-2 according to the CTCAE criteria. Figure 3
(a) provides a summary of the most commonly reported AEs. The most frequently observed AEs
included edema, diarrhea, and cutaneous rash, predominantly of grade 1 (range: 1-3).
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Figure 3. (a) Frequency of adverse events (AEs) by drug: bar chart illustrating frequency of AEs
categorized by drug in the cohort. (b) Association of AEs with age and comorbidities: scatter plot
depicting the relationship between age (years) and number of comorbidities with regression lines for
Standard dose-TKIs (blue line) and Reduced dose-TKIs (green line). AKI, Acute Kidney Injury; CKD,
Chronic Kidney Disease; TIA, Transient Ischemic Attack.

Pleural effusion was detected in patients treated with DAS both in frontline (n=1, 80 mg/day;
n=2, 100 mg/day) and second-line setting (n=2, 100 mg/day). The median age of these patients was
79.3 years (range: 76-83), and the median time of onset was 34.6 months (range: 4.9-86.7) in the
frontline setting and 11 months (range: 5-17) in the second-line setting. Permanent discontinuation
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of treatment was required for two patients, one with grade 3 and another with recurrent grade 2
pleural effusion, while others were managed through dose reduction and/or specific therapy.

Overall, there were 22 cardiovascular adverse events (CVAEs) in 17 patients (13.8%), including
15 patients with CV risk or a CVD at baseline. Among these, 9 patients were < 80 years old, while 6
patients were 80 years old or older. Specifically, in the first-line setting, 3 patients treated with IMA
experienced acute heart failure, 3 had a myocardial infarction, 3 had a TIA, 3 had atrial fibrillation,
and 1 had atrial flutter. The average dose of IMA administered was 400 mg/day. Among patients
treated with next-generation TKIs as first-line therapy, one patient receiving NIL at a daily dose of
600 mg experienced episodes of angina. In the second-line treatment, one patient receiving NIL at
600 mg/day exhibited acute heart failure and atrial fibrillation, while another patient suffered a
stroke. A patient treated with DAS at 50 mg/day developed atrial fibrillation. A patients treated with
BOS 500 mg/day had a TIA and a newly diagnosed hypertension was observed in a patient treated
with PON at a daily dose of 45 mg. In the third-line setting, a patient receiving PON at 15 mg/day
experienced a stroke and a patient treated with BOS 500 mg/day had a myocardial infarction. No
statistically significant difference was found between SD-TKIs and RD-TKIs (p=1).

Hematological AEs were observed across all treatment lines, typically manifesting with a
median onset time of 3.53 months and mostly of grade 3 (range: 1-4). Among these, grade 3
thrombocytopenia (range: 1-4) was the most commonly observed hematological AE. Permanent
discontinuation was necessary in three patients due to grade 4 hematological AEs, while most of the
grade 1-3 AEs were managed through dose reductions or temporary drug withdrawal.

Collectively, grade > 3 AEs occurred in 46 patients, with 35 treated with SD-TKIs and 11 with
RD-TKIs (p=0.033). No statistically significant differences were found in OS between those who
experienced grade = 3 AEs and those who did not (p=0.24). Discontinuation of first-line treatment
were required in 50 patients (40.7%), with 70% being temporary and 30% permanent. These
interruptions were more frequent in patients aged > 80 years (50%) compared to patients aged < 80
years (30.5%, p=0.042).

3.4. Treatment free remission

Overall, treatment-free remission (TFR) was successfully achieved in 11 patients after a median
follow-up of 81.80 months (range: 12.6-103.3) (Figure 1). Specifically, discontinuation was considered
in seven patients based on the duration and depth of MR, while in four patients it was performed
due to the emergence of severe AEs. The median age at suspension was 85 years (range: 82-93). Two
patients had received more than one line of treatment, and five patients were treated with first-line
RD-TKIs. After a median follow-up of 15.9 months (range: 1-46), 8 patients maintained DMR, while
molecular recurrence (MMR or higher) was observed in three patients (27.2%) after a median time of
10.6 months (range: 1-27). Consequently, previous TKIs was restarted, and one out of the three
patients had regained a DMR (MR4).

4. Discussion

The improvement in life expectancy of the general population has led to an increasing number
of CML diagnoses in advanced age, with approximately 30% of patients falling into this category [22].
Furthermore, the enhanced survival rates in CML, now comparable to those of the general
population, have resulted in a greater number of patients aging during treatment, thereby
complicating the decision-making process due to age-related changes, impaired functional status,
comorbidities, or reduced social support [3,8]. Overall, these factors make it particularly important
to assess the safety and efficacy of TKIs even for very elderly patients.

Consistent with literature trends, most very elderly patients in our cohort received IMA [9].
However, there were no significant differences in age (p=0.32) or comorbidity count (p=0.73) between
those treated with IMA vs. 2G TKIs. Additionally, CVR factors or a history of CVD did not
significantly impact the initial treatment choice, with no statistically significant difference IMA and
next-generation TKI-treated patients (p=0.77).
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In recent decades, the ageing population has seen a rise in multimorbidity (i.e., two or more
chronic conditions) and polypharmacy [23]. Despite this trend, evidence in literature supports the
efficacy of TKIs in this context, including those aged > 75 years [11,24-26]. Consistent with this,
polypharmacy did not impact patient outcomes in our study. Furthermore, while comorbidities at
diagnosis have been linked to poorer outcomes [27], they did not significantly influence survival in
our cohort.

In literature, experiences have reported symptoms ranging from moderate to severe in up to
one-third of CML patients, while persistent mild symptoms were noted in up to 90% of cases [29,30].
Our cohort exhibited good tolerability to TKIs. The data from our study align with existing literature,
with most AEs being of mild grade. Commonly reported events, such as edema, thrombocytopenia,
and skin rash, were more prevalent in the cohort treated with IMA, reflecting the larger cohort size
and the older age of these patients compared to those treated with next-generation TKIs. Importantly,
the development of grade > 3 AEs did not significantly impact on the patients' prognosis. Pleural
effusion is a known event during treatment with DAS, with a frequency ranging from 20-30% [26,31—
33]. In addition, the multivariate analysis of the DASISION and CA180-034 trial only identified age
as a risk factor associated with the development of pleural effusion [33]. We reported pleural effusion
in 22.7% of patients treated with DAS in first and second line, predominantly of mild grade and
managed with specific therapy and temporary withdrawal of TKI.

In addition, we observed CVAEs in 13.8% of the enrolled patients. Age is considered the primary
driver for CV diseases, as their incidence increases with aging due to increased oxidative stress,
inflammation, apoptosis, and myocardial dysfunction [34,35]. Importantly, our analysis has reported,
for the first time, the actual incidence of CVAEs in a large cohort of very elderly patients treated with
various TKIs in subsequent lines of treatment. Despite age being identified as a risk factor, we
observed a higher number of CVAEs in patients under 80 years old. One possible explanation, as
mentioned earlier, could be a higher tendency to use SD-TKIs in those aged < 80 years, although
without significative differences in CVAE incidence between SD and RD-TKIs.

Recently, attention has been focused to dose optimization of TKIs to achieve a delicate balance
between efficacy and safety. Emerging evidence consistently supports the safety and feasibility of
dose adjustments at baseline and throughout the course of treatment, aiming to enhance treatment
adherence, minimize drug interruptions, and ensure the maintenance of cytogenetic and molecular
response [17]. Moreover, safety and efficacy of RD-TKIs have been reported in elderly patients
[4,11,14,26,36,37]. For instance, Seo et al. conducted a comprehensive analysis of TKIs dosing patterns
in a cohort of 378 patients with a median age of 75 years, revealing that RD-TKIs were administered
in 65.9% of patients at the latest follow-up, with no discernible impact on OS [38]. In our cohort, 36.5%
of patients started treatment with RD-TKIs, while the proportion of patients receiving RD-TKIs had
increased to >60% in second line and in all patients in subsequent lines. Among them, 27 patients
experienced dose reduction due to severe or persistent AEs. In any case, TKIs were well tolerated,
and treatment resistance was the main reason for switching TKIs in each treatment lines. Importantly,
we observed a significant decrease in grade >3 AEs in the first-line RD-TKIs cohort compared to SD-
TKIs (Figure 3 b). This reduction in AEs can be primarily attributed to the initial dose reduction
strategy.

Furthermore, the comparison between patients treated with SD-TKIs or RD-TKIs did not show
any differences in terms of OS (Figure 2); on the contrary, EFS in the standard-dose group was shorter
compared to the patients in the reduced-dose group, suggesting that in this patient population, a
rational use of reduced doses may contribute to improving treatment adherence and maintaining the
MMR without compromising OS.

To date, real-life data on the use of PON in the elderly population are lacking. The phase 2 PACE
trial included individuals aged =65 years, demonstrating PON efficacy in a heavily pretreated
population and satisfactory safety in selected patients. Adverse occlusive events (AOEs) were
observed in 26% of CML patients at 5 years, with a higher relative risk (RR) in patients with >2 risk
factors (RR: 2.2, 95% CI: 0.5-1.2) and those aged 265 years (RR: 1.7, 95% CI: 1.2-2.5) [39]. Moreover, a
discrete-time Markov model analysis conducted on dose-optimization strategy OPTIC trial showed
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that patients aged > 65 years had a lower likelihood of achieving MR?2 at any dose (45 mg, 30 mg or
15 mg/daily) compared to those aged < 65 years. Age was significantly associated with the
development of AOEs, with an increased risk in older ages (HR: 1.2, 95% CI: 1.07-1.44) [40,41]. We
reported outcomes of seven very elderly patients treated with PON at median age of 82 years (range:
79-84), including two in second line setting and five in the third-line setting. In total, the median
follow-up was 34 months. All patients switched treatment due to resistance to previous lines,
including two cases with the T315] mutation. Among them, only one patient, who received PON in
the third-line setting at a dosage of 15 mg per day, achieved a MMR and experienced DMR within 6
months of treatment. In the remaining patients, treatment response was influenced by poor
adherence to therapy, leading to frequent interruptions and modifications of the treatment schedule.
Five patients experienced AEs, including a case of ischemic stroke in a patient with a history of
hypertension and dyslipidemia, who was treated with PON 30 mg. Taken together, these data
suggest the potential efficacy of PON even in this setting of elderly and heavily pretreated patients.
However, caution is required when prescribing PON in very elderly patients, necessitating a careful
evaluation of CVR factors and the development of a prevention plan once the medication is initiated.
Nonetheless, dedicated studies are necessary to assess the feasibility and true safety of PON in
patients aged > 65 years.

We also present the case of a patient of 86 years treated with fourth-line ASC. To date, there are
no specific studies available in this setting. Elderly patients were included in the pivotal trial
ASCEMBL, which compared ASC 40 mg BID with BOS 500 mg QD in patients previously treated
with > 2 TKIs, including 29 patients aged > 65 years and 4 patients aged > 75 years. At the last follow-
up at 96 weeks, the MMR rate was 37.6% in patients treated with ASC compared to 15.8% with BOS.
ASC showed favorable MMR rates at 96 weeks in patients aged 265 years (4.6%, 95% CI: -25.1 to 34.3)
and 275 years (50%, 95% CI: -19.3 to 100.0). Grade >3 AEs occurred in 56.4% of ASC-treated patients,
with more CV events compared to the BOS arm [42]. Our patient, resistant to previous therapies
including PON, achieved MMR within 3 months with ASC (200 mg twice daily). Good tolerability
was observed, except for a temporary grade 3 elevation in liver transaminases. Further studies are
needed to assess efficacy and safety of ASC, especially in the elderly population.

Previously, the treatment goal for CML was long-term disease control. However, achieving TFR
has now emerged as an important objective for many CML patients who obtain a stable response to
treatment.* Pioneering studies with IMA, followed by those with 2G TKIs, have demonstrated the
feasibility of treatment suspension, even in the elderly population [36,44]. The findings from our
cohort are in line with the literature's reported data. Additionally, administering reduced doses to
five patients did not hinder their ability to attain an optimal molecular response for TFR, while
maintaining favorable outcomes.

5. Conclusions

In conclusion, TKIs have proven to be effective in our cohort of very elderly patients, with 64%
of patients achieving an MMR during follow-up. Furthermore, although most patients experienced
AEs, these were mostly manageable and addressed through dose modifications or specific therapies.
Dose reduction strategies, either at baseline or during treatment, represent reasonable approaches in
the setting of elderly patients, aiming to achieve MR, improve treatment adherence, and avoid
toxicity, as demonstrated in our analysis. Despite the limitations inherent in retrospective studies,
this study provides a real-world representation of "very elderly" patients often excluded from clinical
trials. However, further specific studies are needed to evaluate the use of agents such as ponatinib
and asciminib in this patient population.

Author Contributions: Conceptualization, A.C. and M.B.; Data curation, A.C.; Formal analysis, A.C.; Resources,
E.A, RL, OM, I.C, E.C, M.L.B. and C.I; Supervision, M.B.; Validation, M.M. and G.C.; Visualization, A.C.;
Writing — original draft, A.C. and M.B.; Writing — review & editing, A.C. and M.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://doi.org/10.20944/preprints202312.0595.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2023 doi:10.20944/preprints202312.0595.v1

12

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: M.B. received honoraria by Novartis, Incyte, BMS/Celgene, Pfizer, Abbvie. The other
authors declare no conflict of interests.

References

1. Sokal JE, Baccarani M, Russo D, Tura S. Staging and prognosis in chronic myelogenous leukemia. Semin
Hematol. 1988;25(1):49-61.

2. Hasford ], Pfirrmann M, H R, et al. A new prognostic score for survival of patients with chronic myeloid
leukemia treated with interferon alfa. Writing Committee for the Collaborative CML Prognostic Factors
Project Group. | Natl Cancer Inst. 1998;90(11):850-859. doi:10.1093/jnci/90.11.850

3. Bower H, Bjérkholm M, Dickman PW, Hoéglund M, Lambert PC, Andersson TML. Life Expectancy of
Patients With Chronic Myeloid Leukemia Approaches the Life Expectancy of the General Population. | Clin
Oncol. 2016;34(24):2851-2857. d0i:10.1200/JCO.2015.66.2866

4. Breccia M, Tiribelli M, Alimena G. Tyrosine kinase inhibitors for elderly chronic myeloid leukemia patients:
A systematic review of efficacy and safety data. Crit Rev Omncol Hematol. 2012;84(1):93-100.
doi:10.1016/j.critrevonc.2012.01.001

5. Maas CCHM, van Klaveren D, Ector GICG, et al. The evolution of the loss of life expectancy in patients
with chronic myeloid leukaemia: a population-based study in the Netherlands, 1989-2018. Br | Haematol.
2022;196(5):1219-1224. doi:10.1111/bjh.17989

6.  Pfirrmann M, Clark RE, Prejzner W, et al. The EUTOS long-term survival (ELTS) score is superior to the
Sokal score for predicting survival in chronic myeloid leukemia. Leukemia. 2020;34(8):2138-2149.
doi:10.1038/s41375-020-0931-9

7.  lurlo A, Ubertis A, Artuso S, et al. Comorbidities and polypharmacy impact on complete cytogenetic
response in chronic myeloid leukaemia elderly patients. Eur | Intern Med. 2014;25(1):63-66.
doi:10.1016/j.ejim.2013.11.002

8.  Helissey C, Biondani P, Roquet F, et al. Patients aged over 75 years enrolled in Phase I clinical trials: the
Gustave Roussy experience. Int | Cancer. 2016;138(4):875-880. doi:10.1002/ijc.29849

9.  Luskin MR, DeAngelo DJ. How to treat chronic myeloid leukemia (CML) in older adults. | Geriatr Oncol.
2018 Jul;9(4):291-295. doi: 10.1016/j.jgo.2018.01.008.

10. Rohrbacher M, Berger U, Hochhaus A, et al. Clinical trials underestimate the age of chronic myeloid
leukemia (CML) patients. Incidence and median age of Ph/BCR-ABL-positive CML and other chronic
myeloproliferative disorders in a representative area in Germany. Leukemia. 2009;23(3):602-604.
doi:10.1038/1eu.2008.245

11. Latagliata R, Ferrero D, Iurlo A, et al. Imatinib in very elderly patients with chronic myeloid leukemia in
chronic phase: a retrospective study. Drugs Aging. 2013;30(8):629-637. doi:10.1007/s40266-013-0088-6

12.  Senapati ], Sasaki K, Issa GC, et al. Management of chronic myeloid leukemia in 2023 — common ground
and common sense. Blood Cancer J. 2023;13(1):1-12. doi:10.1038/s41408-023-00823-9

13. Breccia M, Abruzzese E, Castagnetti F, et al. Ponatinib as second-line treatment in chronic phase chronic
myeloid leukemia patients in real-life practice. Ann Hematol. 2018;97(9):1577-1580. doi:10.1007/s00277-018-
3337-2

14. Latagliata R, Attolico I, Trawinska MM, et al. Bosutinib in the real-life treatment of chronic myeloid
leukemia patients aged >65 years resistant/intolerant to previous tyrosine-kinase inhibitors. Hematol Oncol.
2021;39(3):401-408. doi:10.1002/hon.2851

15. Iurlo A, Galimberti S, Abruzzese E, et al. Pleural effusion and molecular response in dasatinib-treated
chronic myeloid leukemia patients in a real-life Italian multicenter series. Ann Hematol. 2018;97(1):95-100.
doi:10.1007/s00277-017-3144-1

16. Breccia M, Luciano L, Latagliata R, et al. Age influences initial dose and compliance to imatinib in chronic
myeloid leukemia elderly patients but concomitant comorbidities appear to influence overall and event-
free survival. Leuk Res. 2014;38(10):1173-1176. d0i:10.1016/j.leukres.2014.06.020

17. Turlo A, Cattaneo D, Bucelli C, Breccia M. Dose Optimization of Tyrosine Kinase Inhibitors in Chronic
Myeloid Leukemia: A New Therapeutic Challenge. | Clin Med. 2021;10(3):515. d0i:10.3390/jcm10030515

18. Hochhaus A, Baccarani M, Silver RT, et al. European LeukemiaNet 2020 recommendations for treating
chronic myeloid leukemia. Leukemia. 2020;34(4):966-984. d0i:10.1038/s41375-020-0776-2

19. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in
longitudinal studies: Development and validation. | Chronic Dis. 1987;40(5):373-383. doi:10.1016/0021-
9681(87)90171-8

20. Common Terminology Criteria for Adverse Events (CTCAE). Published online 2017.

21. Cortes JE, Gambacorti-Passerini C, Deininger MW, et al. Bosutinib Versus Imatinib for Newly Diagnosed
Chronic Myeloid Leukemia: Results From the Randomized BFORE Trial. | Clin Oncol. 2018;36(3):231-237.
doi:10.1200/JC0O.2017.74.7162


https://doi.org/10.20944/preprints202312.0595.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2023 doi:10.20944/preprints202312.0595.v1

13

22. Cancer Stat Facts: Leukemia - Chronic Myeloid Leukemia (CML).
https://seer.cancer.gov/statfacts/html/cmyl.html. Accessed June 11, 2023

23. Schneider ], Algharably EAE, Budnick A, Wenzel A, Drager D, Kreutz R. High Prevalence of
Multimorbidity and Polypharmacy in Elderly Patients With Chronic Pain Receiving Home Care are
Associated With Multiple Medication-Related Problems. Front Pharmacol. 2021;12. Accessed June 16, 2023.
https://www .frontiersin.org/articles/10.3389/fphar.2021.686990

24. Latagliata R, Stagno F, Annunziata M, et al. Frontline Dasatinib Treatment in a “Real-Life” Cohort of
Patients Older than 65 Years with Chronic Myeloid Leukemia. Neoplasia. 2016;18(9):536-540.
doi:10.1016/j.ne0.2016.07.005

25. lurlo A, Nobili A, Latagliata R, et al. Imatinib and polypharmacy in very old patients with chronic myeloid
leukemia: effects on response rate, toxicity and outcome. Oncotarget. 2016;7(48):80083-80090.
doi:10.18632/oncotarget.11657

26. Latagliata R, Breccia M, Castagnetti F, et al. Dasatinib is safe and effective in unselected chronic myeloid
leukaemia elderly patients resistant/intolerant to imatinib. Leuk Res. 2011;35(9):1164-1169.
doi:10.1016/j.leukres.2011.05.015

27. Cortes ]. How to manage CML patients with comorbidities. Hematology. 2020;2020(1):237-242.
doi:10.1182/hematology.2020006911

28. Chow EJ, Doody DR, Wilkes JJ, et al. Adverse events among chronic myelogenous leukemia patients
treated with tyrosine kinase inhibitors: a real-world analysis of health plan enrollees. Leuk Lymphoma.
2021;62(5):1203-1210. doi:10.1080/10428194.2020.1855340

29. Zulbaran-Rojas A, Lin HK, Shi Q, et al. A prospective analysis of symptom burden for patients with chronic
myeloid leukemia in chronic phase treated with frontline second- and third-generation tyrosine kinase
inhibitors. Cancer Med. 2018;7(11):5457-5469. d0i:10.1002/cam4.1808

30. Williams LA, Gonzalez AGG, Ault P, et al. Measuring the symptom burden associated with the treatment
of chronic myeloid leukemia. Blood. 2013;122(5):641-647. d0i:10.1182/blood-2013-01-477687

31. Cortes JE, Saglio G, Kantarjian HM, et al. Final 5-Year Study Results of DASISION: The Dasatinib Versus
Imatinib Study in Treatment-Naive Chronic Myeloid Leukemia Patients Trial. | Clin Oncol.
2016;34(20):2333-2340. doi:10.1200/JCO.2015.64.8899

32. Murai K, Ureshino H, Kumagai T, et al. Low-dose dasatinib in older patients with chronic myeloid
leukaemia in chronic phase (DAVLEC): a single-arm, multicentre, phase 2 trial. Lancet Haematol.
2021;8(12):€902-e911. doi:10.1016/52352-3026(21)00333-1

33. Hughes TP, Laneuville P, Rousselot P, et al. Incidence, outcomes, and risk factors of pleural effusion in
patients receiving dasatinib therapy for Philadelphia chromosome-positive leukemia. Haematologica.
2019;104(1):93. d0i:10.3324/haematol.2018.188987

34. Visseren FL], Mach F, Smulders YM, et al. 2021 ESC Guidelines on cardiovascular disease prevention in
clinical practice. Eur Heart ]. 2021;42(34):3227-3337. d0i:10.1093/eurheartj/ehab484

35. Rodgers]L, Jones], Bolleddu S, et al. Cardiovascular Risks Associated with Gender and Aging. | Cardiovasc
Dev Dis. 2019;6(2):19. d0i:10.3390/jcdd6020019

36. Luciano L, Latagliata R, Gugliotta G, et al. Efficacy and safety of nilotinib as frontline treatment in elderly
(> 65 years) chronic myeloid leukemia patients outside clinical trials. Ann Hematol. 2023;102(6):1375-1382.
doi:10.1007/s00277-023-05159-9

37. Tokuhira M, Kimura Y, Tabayashi T, et al. Clinical management of second-generation tyrosine kinase
inhibitor therapy in patients with newly diagnosed chronic myeloid leukemia in the chronic phase,
focusing on age and dose effects. Int | Hematol. 2023 Aug;118(2):210-220. doi: 10.1007/s12185-023-03606-x

38. Seo HY, Ko TH, Hyun SY, et al. Tyrosine Kinase Inhibitor Dosing Patterns in Elderly Patients With Chronic
Myeloid Leukemia. Clin Lymphoma Myeloma Leuk. 2019;19(11):735-743.e2. doi:10.1016/j.clm1.2019.08.009

39. Cortes JE, Kim DW, Pinilla-Ibarz J, et al. Ponatinib efficacy and safety in Philadelphia chromosome-positive
leukemia: final 5-year results of the phase 2 PACE trial. Blood. 2018;132(4):393-404. doi:10.1182/blood-2016-
09-739086

40. Cortes JE, Deininger MW, Lomaia E, et al. Three-Year Update from the Optic Trial: A Dose-Optimization
Study of 3 Starting Doses of Ponatinib. Blood. 2022;140(Supplement 1):1495-1497. d0i:10.1182/blood-2022-
157822

41. Hanley MJ, Diderichsen P, Rich B, et al. Response-Based Dosing for Ponatinib: Model-Based Analyses of
the Dose-Ranging OPTIC Study. Clin Pharmacol Ther. 2023 Aug;114(2):413-422. doi: 10.1002/cpt.2956

42. Hochhaus A, Réa D, Boquimpani C, et al. Asciminib vs bosutinib in chronic-phase chronic myeloid
leukemia previously treated with at least two tyrosine kinase inhibitors: longer-term follow-up of
ASCEMBL. Leukemia. 2023;37(3):617-626. d0i:10.1038/s41375-023-01829-9


https://doi.org/10.20944/preprints202312.0595.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 December 2023 doi:10.20944/preprints202312.0595.v1

14

43. Baccarani M, Abruzzese E, Accurso V, et al. Managing chronic myeloid leukemia for treatment-free
remission: a proposal from the GIMEMA CML WP. Blood Adv. 2019;3(24):4280-4290.
doi:10.1182/bloodadvances.2019000865

44. Crugnola M, Castagnetti F, Breccia M, et al. Outcome of very elderly chronic myeloid leukaemia patients
treated with imatinib frontline. Ann Hematol. 2019;98(10):2329-2338. d0i:10.1007/s00277-019-03767-y

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202312.0595.v1

