LETTERS TO THE EDITOR

Hyperhomocysteinemia and high doses of nilotinib
favor cardiovascular events in chronic phase Chronic
Myelogenous Leukemia patients

In chronic phase chronic myeloid leukemia (CP-CML),
nilotinib (Tasigna®, Novartis, second-generation tyrosine
kinase inhibitor, TKI2) as second-line therapy' results in
successful responses and tolerance in ~50% of patients in
the long-term.” As a consequence, some patients have
been on nilotinib for approximately 9-10 years now.
Recently, nilotinib, introduced as first-line treatment,
induced superior cytogenetic and molecular responses
and significantly decreased the risk of progression,® and
has been approved in this setting since 2010.

Despite an overall favorable safety profile, different
studies®’ suggest a specific association between nilotinib
exposure and the increased risk of occlusive arterial dis-
ease (OAD), particularly in patients with pre-existing car-
diovascular risk factors (CVRFs), but also in patients
without risk factors. Cardiovascular events (CVEs) caused
by a TKI are a rare but emerging phenomenon. The

mechanism by which nilotinib may cause or aggravate
pathological processes involved in OAD remains pootly
understood.”” Retrospective and prospective studies have
demonstrated that nilotinib can induce hyperglycemia
and hypercholesterolemia,*®” but this does not seem suf-
ficient to totally explain the phenomenon of nilotinib
related CVEs.

Homocysteine is a sulphur containing amino acid
derived from methionine, independently associated with
early arteriosclerosis, increased thromboembolic events
and cardiovascular mortality." High blood pressure levels
result in the proliferation of smooth muscle cells,
endothelial cell dysfunction and increased collagen syn-
thesis pro-inflammatory rearrangements, leading to an
increased thromboembolic risk, with a linear relationship
between homocysteine and the onset of CVEs.

We aimed, in a multicenter retrospective and prospec-
tive analysis, to determine whether hyperhomocysteine-
mia is associated with CVEs in CP-CML patients treated
with nilotinib between September 2011 and February
2015, as compared with a group of imatinib-only treated

Table 1. Clinical and biological parameters of nilotinib-treated CML patients and Imatinib-treated patients.
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Nilotinib

(n=105)
Age at diagnosis in years, mean (sd) 517 (15.67) 49.43 (17.51) 0.405.
Gender 0.009.
Male 50 (47.6%) 35 (70%)
Female 55 (52.4%) 15 (30%)
Height (cm) (n=126), mean (sd) 169 (10) 169 (9) 0.98.
Weight (Kg) (n=144), median [min-max] 69 [44 - 149] 76 [50 - 115] 0.0165.
BMI (Kg/m*) (n=126), median [min-max| 23.88 [16.65 — 45.99] 25.56 [21.05 — 36.96] 0.00758.
Systolic BP (mm Hg) (n=), median [min-max] 133 (15) 134 (13) 0.676
Diastolic BP (mm Hg) (n=), median [min-max] 79 (1) 81 (13) 0.284
Patients on statins (n=, %) 17 (23.3%) 6 (15.8%) 0.462
Patients on antiaggregants (n=) 8 (11%) 4 (10.5%) 1.00
Patients on beta-blockers (n=, %) 3 (4.1%) 4 (10.5%) 0.228
Patients on ACEI (n=,%) 3 (3%) 5 (10%) 0.230
TKI daily dose (mg /day)
300 3 (2.9%) 6 (12%)
400 10 (9.5%) 44 (88%)
600 44 (41.9%) 0 (0%)
800 48 (45.7%) 0 (0%)
Best response 0.729
MR4.5 58 (55.2%) 25 (51%)
Other 47 (44.8%) 24 (49%)
Biological variables
Homocysteine umol/l (n=98) median [min-max] 12.2 (6.4 - 33.7) 13.9 (5.68 — 34.7) 0.247
Glucose* mmol/l (n=146), median [min-max] 54 [3.3-174] 10.5 [2 - 24] <0.001
HbAIC* % (n=142), median [min-max] 5.6 [4.4-10.5] 54 [4.6-7.1] 0.361
LDL cholesterol* g1 (n=139), mean [+sd] 1.3 [+04] 112 [+0.37] 0.0101
HDL cholesterol~ g/l (n=139), median [min - max] 0.55 [0.22 -1.25] 0.50 [0.17 - 0.80] <0.001
Total cholesterol ug/l (n=146), median [min - max] 2.19 [1.8-248] 1.9[1.6-2.1] 0.0041
Triglycerides* g/l (n=144), median [min-max] 1.2 [047 -4.15] 12 [04-42] 0.435
B9 nmol/l (n=92), mean [+sd] 18.3 [7.1] 14.2 [£3.8] 0.117
B12# pmol/l (n=96), mean [+sd] 352 [+104] 387 [+161] 0.401
CRP° mg/l (n=97), 0.299
CRP <5 mg/l 41 (78.8%) 41 (87.2%)
CRP >5 mg/l 11(21.2%) 6 (12.8%)
Disease duration in months, median [min-max] 60.25 [4.11 - 414.46] 76.34 [8.94 - 304.82] 0.211
Follow-up since 1* TKI in months, median [min-max] 58.58 [2.99 — 165.29] 73.3 [8.02 — 162.79] 0.293

*Normal values: *3.9-5.8 mmol/I;*4-6.1%;*1.9-4.1 mmol/l; ~ >0.57 g/I; u1.35-2.7 g/1,%0.35-1.50 g/1,°7-46.4 nmol/l, #138-652 pmol/I, °2-4 mg/I.
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patients. Standard clinical assessments, CVRF and the
onset of any CVE were recorded. Patients were followed-
up in 3 university centers, and all of them gave their con-
sent. This study has been approved by the Comité
Consultatif sur le Traitement de I'Information en matiere
de Recherche dans le domaine de la Santé (CCTIRS), and
the Commission Nationale de L'informatique et des
Libertés (CNIL), Paris, France.

In addition to routine physical exams, standard CML
assessments,"’ basic blood metabolic parameters, total
plasma homocysteinemia (Bio-Rad kit on HPLC on
Dionex Summit system, Thermo Fischer Scientific,
France, (physiological levels = 5-15 umol/l)) or with tan-
dem mass spectrometry (MS/MS), and vitamin B9 and
B12 levels were measured as they are involved in the
homocysteine cycle. Patients were asked to come to the
hospital fasting. Responses to TKI were analyzed accord-
ing to classical definitions." We considered as a CVE any
symptomatic arterial lesions (arterial stenosis, sympto-
matic thrombosis) detected clinically and proven by
Doppler ultrasound and/or any means of arteriography,
MRI or angioscanner.
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We compared the cohort of nilotinib-treated patients
with patients on imatinib first- or second-line, still on
treatment, recruited randomly, because no clear associa-
tion between imatinib and CVEs has been demonstrated
to date." Comparisons were made with Pearson's Chi-
squared test for qualitative variables, Mann-Whitney or
Student's t-test for continuous variables, medians [min-
max] were shown for variables with normal distribution,
otherwise mean #SD. The occurrence of CVEs was
depicted with cumulative incidence curves, and the end
of treatment as a competing risk, accompanied by the
Gray test for univariate analysis. Multivariate analysis on
CVEs from nilotinib initiation was performed according
to the Fine and Gray regression model.

One hundred and five patients on nilotinib and 50 on
imatinib were analyzed. There were no differences
between the 2 groups except for gender, height and
weight (Table 1). Total and LDL-cholesterol were higher
in nilotinib patients, glycated hemoglobin levels were not
different. Median follow-up and disease duration were
not different. Importantly, co-medications with statins,
antiaggregants, beta-blockers, ACEI, and blood pressure

Figure 1. (A) Cumulative incidence of cardiovascular events (CVEs) in nilo-
tinib and imatinib-treated patients. (B) Cumulative incidence of cardiovascu-
lar events (CVEs) according to the dose of nilotinib. C. Cumulative incidence
of cardiovascular events (CVEs) according to homocysteine levels in the
blood.
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Table 2. Clinical and biological parameters of nilotinib-treated CML patients with and without cardiovascular events.

Nilotinib without CVEs Nilotinib with CVEs
(n=82) (n=23)

Age at diagnosis in years, mean (sd) 50.08 (16.16) 57.75 (12.29) 0.0363
Gender 0.0198

Male 34 (41.5%) 16 (69.6%)

Female 48 (58.5%) 7 (30.4%)
Height (cm) (n=126), mean (sd) 169 (11) 168 (9) 0.723
Weight (Kg) (n=144), median [min-max] 68 [44 - 149] 75 [44-113] 0.152
BMI (Kg/m*) (n=126), median [min-max] 23.32 [16.65 - 45.99] 25.22 [18.37 - 34.89] 0.0807
Systolic BP (mm Hg) (n=), mean [sd] 133 (14) 130 (19) 0.364
Diastolic BP (mm Hg) (n=), mean [sd] 80 (10) 76 (12) 0.216
Patients on statins (n=, %) 8 (13.8%) 9 (60%) <0.001
Patients on antiaggregants (n=) 1 (1.7%) 7 (46.7%) <0.001
Patients on beta-blockers (n=, %) 3 (5.2%) 0 (0%) 1.00
Patients on ACEI (n=,%) 2 (2.4%) 0 (0%) 1.00
TKI daily dose (mg /day) 0.0148

300 3 (3.7%) 0 (0%)

400 8 (9.8%) 14 (60.9%)

600 40 (48.8%) 4 (174%)

800 31 (37.8%) 17 (73.9%)
Best response 0.638

MR4.5 38 (46.3%) 9 (39.1%)

Other 44 (53.7%) 14 (60.9%)
Biological variables
Homocysteine, umol/l (n=98) median [min-max] 11.9 (6.4 - 33.7) 15.2 (1.1-24.8) 0.012
Glucose* mmol/ (n=146), median [min-max] 54 [33-174] 5.6 [3.9-16] 0.478
HbAIC* % (n=142), median [min-max] 5.5 [4.4-10.5] 5.7[4.9-6.9] 0.0128
LDL cholesterol* g/l (n=139), mean [+sd] 1.35 [+0.39] 112 [+0.41] 0.0196
HDL cholesterol~ g/l (n=139), median [min-max] 0.56 [0.26 -1.25] 0.50 [0.4—0.59] 0.254
Total cholesterolp g/1 (n=146), mean [+sd] 2.17 [+0.46] 1.95 [+0.5] 0.0474
Triglycerides® g/l (n=144), median [min-max] 1.19 [0.47 - 4.15] 1.3 [0.66 - 2.31] 0.316
B9 nmol/l (n=92), mean [+sd] 18.3 [+7.1] 14.2 [+3.8] 0.117
B12* pmol/l (n=96), mean [+sd] 352 [£104] 387 [=161] 0.401
CRP° mg/l (n=97), 0.16
CRP <5 mg/l 33 (84.6%) 8 (61.5%)
CRP >5 mg/l 6 (15.4%) 5 (38.5%)
Disease duration in months, median [min-max] 41.53 [4.11-414.16] 89.63 [20.17-253.63] 0.00122
Follow-up since 1st TKI in months, median [min-max] 39 [2.99 - 164.01] 89.13 [20.17 - 253.63] 0.00261

*Normal values: *3.9-5.8 mmol/l; *4-6.1%;%1.9-4.1 mmol/l; ~ >0.57 g/1; ul.35-2.7 g/I; “0.35-1.50 g/I; “7-46.4 nmol/l; “138-652 pmol/l; °2-4 mg/I.

were not different between the 2 groups. Median homo-
cysteine was 12.20 umol/l in the nilotinib and 13.9
umol/l in the Imatinib group (P=0.247). There was no
relationship between homocysteinemia and the type of
CVE (data not shown).

As normal levels of homocysteine were established in
healthy subjects, we constructed a ROC curve in the nilo-
tinib cohort to determine the homocysteine cut-off
threshold for CVEs in such patients. The area under the
ROC curve was 0.69 [0.55-0.85], and 13.95 umol/l was
the significant threshold, providing a sensitivity of 67 %
and a specificity of 71%.

Overall, 23 patients (22%) presented a new or wors-
ened pre-existing CVE on nilotinib after a median of 51.5
months (7 carotid atheromatosis, 7 coronary events, 6
PAOD, 1 cerebrovascular event and 2 others). These
CVEs occurred after a median of 47 (7.5-82.3) months
with a regular increase over the years, 2 patients died in
this group (1 stroke and 1 sudden death in a patient with
a history of myocardial infarction). Only 4 (8%) patients
presented a CVE in the imatinib group (3 coronary events
and 1 other), with no deaths. The cumulative incidence

of CVEs in the nilotinib group was 3.06% (2.72-3.4) at 12
months, 5.1% (4.66-5.54) at 24 months, 6.12% (5.64-6.6)
at 36 months, 10.2% (9.6-10.81) at 60 months, compared
to 0% at each of these time points in the imatinib group
(P<0.001, Figure 1A). The cumulative incidence of CVEs
was higher (P=0.005) in patients on nilotinib 800 mg
(88%) versus nilotinib 600 mg daily or less (10%), with no
plateau (Figure 1B). When we looked at the cumulative
incidence of CVEs in the nilotinib group, independently
of the dose of nilotinib, we demonstrated that the homo-
cysteine threshold could efficiently discriminate high-risk
incidence patients. Additionally, CVEs were more fre-
quent on nilotinib according to homocysteinemia
(P=0.0026), with a significant increase of CVEs when
homocysteine was =13.95 umol/l (P=0.005) (Figure 1C).
In order to further decipher the factors involved in
CVEs we additionally compared the nilotinib subgroup of
patients with CVEs (n=23) with the nilotinib subgroup of
patients without CVEs (n=82) (Table 2). Interestingly,
patients with CVEs were significantly older, with more
males, in their majority on statins (as a consequence with
total and LDL cholesterol at lower levels), on antiaggre-
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Table 3. Univariate and multivariate analyses (sd HR stands for subdistribution hazard ratio, Cl for confidence interval).

Univariate analysis

Multivariate analysis

Cut-offs

sd HR

95% Cl

sd HR 95% Cl P

Age at nilotinib initiation Continuous 1.05 [1.02-1.07] 0.001 1.06 [1.02-1.09] 0.001
18-30 1 - 1 - -
BMI (Kg/m?) <18 0 [0-0] <0.001 0 [0-0] <0.001
>30 1.18 [0.38-0.38] 0.78 0.48 [0.19-1.17] 0.10
Undetermined 0.57 [0.07-0.07] 0.60 0.45 [0.05-3.93] 0.47
600 1 - 1 - -
Nilotinib dose (mg daily) 300-400 1.86 [0.33-0.33] 0.48 1.19 [0.17-8.24] 0.86
800 4.16 [1.36-1.36] 0.012 4.96 [1.46-16.93] 0.01
Homocysteine < 13.95 umol/L 1 - - 1 - -
> 13.95 umol/L 348 [1.46-1.46] 0.005 2.98 [1.25-7.08] 0.013

gants, on nilotinib 800 mg daily and with higher glycated
hemoglobin levels and higher homocysteine levels (con-
sidered herein as a continuous variable, median 15.2
umol/l versus 11.9, P=0.0128). Disease duration and
median follow-up were longer in patients with CVEs on
nilotinib (P=0.002 and P=0.001, respectively). By per-
forming univariate analysis on the entire nilotinib popu-
lation of patients, we identified factors which influence
the onset of CVEs: Young age and low BMI (<18 Kg/m?)
were associated with low rates of CVEs; whereas nilo-
tinib 800 mg and homocysteine >13.95 umol/l were
linked to a high incidence of CVEs (P=0.012 and P=0.005
respectively, Table 3). Multivariate analysis adjusted on
CVEs demonstrated that age at nilotinib initiation
[P=0.001, HR=1.06 (95% CI: 1.02-1.09)], 800 mg daily
dose of nilotinib [P=0.01, HR=4.96 (95% CI: 1.46-16.93)]
and homocysteine levels >13.95 umol/l [P=0.013,
HR=2.98 (95% CI: 1.25-7.08)], were significant variables
negatively influencing the onset of CVEs. Low BMI (<18)
was correlated with a significantly lower incidence of
CVEs (P<0.001, Table 3).

TKIs represent considerable progress in CML treat-
ment and provide high rates of long-term responses, thus
preventing progression in a majority of patients. The dis-
ease probably remains sustained over time by a discrete
surviving fraction of BCR-ABL+ primitive cells,” requir-
ing the indefinite continuation of TKI therapy, maybe for
the entire life span of patients. Severe, retarded, and life-
threatening TKI-related side effects such as pleural and
pericardial effusions, pulmonary hypertension for dasa-
tinib, cardiovascular and mainly arterial problems for
nilotinib and ponatinib, appeared with the long-term use
of TKI in nonnegligible cure fractions of patients. As have
others,”"” we also herein demonstrate that the frequency
of CVEs is higher in nilotinib-treated patients than in
their imatinib counterparts. Interestingly, these CVEs are
delayed (more than half occur 250 months of treatment),
and worryingly, seem to increase extensively over time.
Moreover, there is a relationship between CVEs and
higher doses of nilotinib (where the frequency of CVEs is
twice as much as that found in lower doses, Figure 1C).
As a subsequent perspective, dose optimization of nilo-
tinib, once minimal residual disease is obtained, should
be considered to reduce these CVEs in the long-term.
These data suggest that the pathophysiology of these
events is specifically drug-induced, as the 2 groups of
patients are somewhat similar. They are dose-dependent,
accumulate with time and might involve total and LDL
hypercholesterolemia [significantly higher in the nilotinib
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group (Table 1)], but that's not all.

The pathophysiology of nilotinib-induced CVEs remains
obscure and is probably related to off-target effects involv-
ing endothelial specific damage,’ but it does not seem that
nilotinib creates a prothrombotic state as the majority of
patients do not show any CVEs, none of them had DVT
and plasmatic clotting factors are not modified (data not
shown). Severe hyperhomocysteinemia (>150 umo/L) is
seen in rare inherited metabolic diseases” due to cystathio-
nine beta-synthase deficiency, characterized by general-
ized vascular and thromboembolic complications. Less
severe hyperhomocysteinemias are described in acquired
diseases (renal insufficiency, autoimmune disorders), in
vitamin B6/B9/B12 deficiencies and secondary to treat-
ments (folate and cobalamin antagonists, steroids, diuret-
ics, fibrates, statins). Strange similarities between the CVEs
in homocysteinuria and those seen in nilotinib-treated
patients prompted us to analyze CML patients, with or
without CVEs, for homocysteinemia. The incidence of
CVEs in the nilotinib group was associated with higher
levels of homocysteine (defined as =13.95 umol/l) in uni-
variate and multivariate analyses. The cumulative inci-
dence of CVEs on nilotinib was linked to homocysteine
levels in the blood. Patients with high homocysteine levels
were 3 times more frequent in the nilotinib group.
Homocysteine increases with age, however aging is
observed in both groups and was not different in either. In
the nilotinib group, only one patient was on a folate sub-
stitution. Whether higher levels of homocysteine in nilo-
tinib-treated patients are a cause or a consequence of nilo-
tinib remains to be determined. As the elevation of homo-
cysteinemia in nilotinib-treated patients is modest, it
seems unlikely that this amino acid is involved per se in
the pathogenesis of CVEs in this population.

In conclusion, nilotinib represents an additional cardio-
vascular risk factor in TKI-treated CML patients. An
extensive baseline capture of cardiovascular risk factors,
biochemical factors including homocysteinemia and the
monitoring of these parameters is recommended for the
optimal management and success of nilotinib therapy in
CML patients in the long-term.
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