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Abstract

Introduction: The T315I mutation in patients with chronic myeloid leukemia (CML) has been associated with therapeutic resistance
and an unfavourable prognosis.

Aim: To study the frequency of T315I mutation in patients with CML, BCR-ABL (+), their clinical characteristics, disease evolution,
and median survival.

Patients and methods: We studied 75 patients with CML and BCR-ABL1 (+). T315I mutation was detected by digital droplet PCR
and BCR-ABL1 was analyzed by RT-PCR. A comparative analysis was performed by sex, age, disease phase, risk group, treatment,
molecular response (MR), and median survival in T315I (+) and T315I (-) patients.

Results: T3151 mutation was detected in 11 patients (14.7%). No significant difference was found in the phase, risk group, and first-
line therapy. A significantly higher proportion of T315I (+) did not achieve MR >3.5 log: 8 (72.7%) vs. 22 (34.4%) (p=0.023). The lowest
mean BCR-ABLI levels were significantly higher in the CML T315I (+) group compared to the CML T315I (-) group: 12.1+6.0 vs.
3.77£1.28 (p=0.009). The median survival of T315I (+) patients was significantly shorter: 73 months vs. 175 months (p<0.0001, CI 95%).

Conclusions: Our data confirm the world experience on the frequency of T315I mutation, including the unfavourable evolution,
resistance to TKI treatment and short survival. ddPCR is a highly sensitive method for early detection of genetic mutations which gives
the chance for effective treatment.
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INTRODUCTION

The discovery of the Philadelphia chromosome in patients
with chronic myeloid leukemia (CML) is a fundamental
achievement in medical science. As a result of the succes-
sful targeted inhibition of its fusion protein, the mutant
tyrosine kinase BCR-ABLI, today patients with CML have
an expected survival comparable to that of people without
CML in the same age group. However, as a result of additio-
nal mutations in the kinase domain of the BCR-ABL1 gene,
resistance to the effect of tyrosine kinase inhibitors (TKI)
occurs."? The T315] mutation in the BCR-ABL1 gene
affects the common ABL kinase binding site and results in
high-grade cross-resistance to TKIs. Currently, five TKIs
are used in clinical practice, with different drugs covering a
different spectrum of genetic mutations. The T315I mutati-
on is one of the most difficult to treat.? It is associated with
resistance to treatment, failure or early loss of molecular
response (MR), progression to the acceleration phase and
blast crisis, and shortened survival.* Currently, RTq-PCR,
Sanger sequencing, and next-generation sequencing are
the golden standard for monitoring of MR and mutation
analysis in patients with CML.” In recent years, emulsion
digital PCR (ddPCR) has become increasingly important as
a highly informative, fast and cost-effective methodology.®

AIM

To investigate the frequency of T315I mutation detected by
ddPCR in patients with CMR BCR-ABLL1 (+), to analyze
their clinical features, disease evolution, and median sur-
vival, and to compare those in CML patients without the
T315I mutation.

PATIENTS AND METHODS

We studied 75 patients with CML, BCR-ABL1 (+), who did
not achieve an optimal therapeutic response within the de-
fined timeframes, or with a loss of the achieved molecular
response. Patients were diagnosed, treated and monitored
between March 2000 and December 2018 in the Clinic of
Clinical Hematology and Clinic of Medical Oncology, St
George University Hospital, Medical University of Plovdiv.
The detection and quantitative measurement of the T3151
mutation was performed by ddPCR using the QX200
Droplet Digital PCR system in the Department of Medical
Genetics, Medical University of Plovdiv under the PERI-
MED project. Digital droplet PCR is based on the division
of a standard PCR reaction into tens of thousands of na-
no-droplets that contain one (or more) or do not contain
the target sequence. Amplification is performed in each
droplet and the number of the sequences is calculated from
the proportion of positive and negative droplets using the
Poisson distribution.” Molecular genetic tests for detec-
tion and quantitative measurement of fusion transcripts
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BCR-ABLL1 were performed by RT-PCR in the Specialized
Hospital for Active Treatment of Hematological Diseases
in Sofia and presented on an international scale, according
to the criteria of European Leukemia Net. Table 1 presents
the characteristics of the studied contingent of patients at
the time of diagnosis. The male to female ratio was 1.2/1.0,
the mean age was 54.64+14.4 years.

Table 1. Characteristics of patients at diagnosis

Parameter N (%)
Sex
Male 34 (45.3)
Female 41 (54.7)

Phase of the disease

58 (77.3%)
12 (16.0%)
5 (6.7%)

Chronic
Accelerated
Blast crisis
Risk - Score Sokal
Low risk 28 (37.3%)

Intermediate risk 26 (34.7%)

High risk 21 (28.0%)
Risk - Score Hasford
Low risk 25 (33.3%)

Intermediate risk 29 (38.7%)

High risk 21 (28.0%)
Mutation T3151 11 (14.7%)
MR=>3.5 log 45 (60.0%)

Median of MR -1

Median Survival

26 (17.26-34.75) mos
175 (156.69-200.43) mos

In patients with T315] mutation (CML T315I +), a com-
parative analysis was performed by sex, age, disease phase,
risk group, treatment, type, and duration of molecular
response and median survival calculated from the time
of diagnosis and compared to patients with CML without
T3151 mutation (CML T315I -). Statistical data process-
ing was performed with descriptive analysis, correlation
analysis and the Independent Sample t-test for comparison
of mean values, at a level of significance p<0.05. Survival
analysis was performed by the Kaplan-Meier method with
alog-rank test.®

RESULTS

The T315I mutation was detected in 11 (14.7%) of CML
patients. The mean time from the initiation of therapy to
analysis was 74 months (range 7-225). There was no sta-
tistically significant difference in demographics, baseline
disease characteristics (phase and prognostic risk score),
and comorbidity profile between the two groups of patients
(Table 2).
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Table 2. Comparative analysis between CML T315 () and CML
T315 (+) patients

Table 3. Lines of therapy in patients CML T315 I (+) and CML
T3151(-)

Parameters CML T3151(-) CMLT315I(+) P Lines of therapy CML T315I(-) CMLT315I(+) P
Sex First line
Male 30 (46.9%) 5 (45.5%) NS Imatinib 46 (71.9%) 6 (54.5%)
Female 34 (53.1%) 6 (54.5%) Nilotinib 11 (17.2%) 3(27.3%) 0.08
Mean age 55.29+14.1 4927+13.5 NS Dasatinib 7 (10.9%) 1(9.1%)
Phase of the Bosutinib - 1(9.1%)
disease Second line
1 0 0,
Chronic 45 (70.3%) 7 (63.6%) NS Nilotinib 18 (73.9%) 4(57.2%)
Accel 14 (21.99 4 .49
ceelerated (21.9%) (36.4%) Dasatinib 4(17.4%) 1(14.3%) 0.224
Blast crisis 5(7.8%) 0 .
Bosutinib 1(4.3) 1(4.3%)
Risk - Score Sokal
. Ponatinib - -
Low risk 24 (37.5%) 6 (54.5%)
Intermediate NS Third and fourth
1
risk 26 (40.6%) 4 (36.4%) lines
ini 0, 0,
High risk 14 (21.9%) 1 (9.1%) Dasatinib 8 (44.4%) 2(11.1%) 0.243
Risk - Score Bosutinib 1 (5.55%) 4(22.2%)
Hasford Ponatinib 1(5.55%) 2(11.1%)
Low risk 23 (35.9%) 4(36.4%) NS
Int diat
e 53 (35.9%) 6 (54.5%)
risk
High risk 18 (28.1%) 1(9.1)
Comorbidities
Cardiovascular 34 (53.1%) 5 (45.5%)
Hepatic 22 (34.5%) 2 (18.2%)
Renal 11 (17.2%) - NS
Endocrino-
, 10 (15.6%) 2 (18.2%)
logical
Others 14 (21.8%) 3(27.2%)

Lines of treatment

Therapeutic choice for first-, second- and > third-line the-
rapy did not differ significantly in the patient groups CML
T315I () and CML T315I (+), presented in Table 3. Ima-
tinib was most often chosen for a first-line therapy in both
groups while nilotinib was the most common therapeutic
choice for second line. In patients with CML T315I (+), the
mean number of treatment lines was 3.2 compared to 1.1 in
the CML T315I (-), (NS).

The duration of first-line treatment was significantly
shorter in patients with CML T315I (+) mutation com-
pared to the CML T315I (-) group: 13 months (95% CI
3.424-19.710) versus 33 months (95% CI 16.184-76.657)
(p=0.001) (Fig. 1).

Depth and duration of the molecular
response

Significantly higher proportion of patients with CML
T3151 (+) did not achieve an optimal molecular res-

Figure 1. Duration of first-line treatment in patients with CML
depending on the presence of the T315I mutation.

ponse >3.5 log throughout the follow-up period compared
to patients with CML T315I (-): 8 (72.7%) vs. 22 (34.4%)
(p=0.023). The lowest mean BCR-ABLLI levels were signifi-
cantly higher in the CML T315I (+) group compared to the
CML T315I () group: 12.146.0 vs. 3.77+1.28 (p=0.009).
The duration of the MR was significantly shorter in the
CML T315I (+) group - 13 months (95% CI 10-15) vs.
113 months (95% CI 54-171) in CML T315I (-) (p<0.001)
(Fig. 2).

The median survival (MS) of patients with CML
T3151 (+) was significantly shorter than the MS of
patients CML T315I (-): 73 months vs. 175 months
(p<0.0001) (Fig. 3).
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Figure 2. Duration of therapeutic response in first-line treat-
ment of patients with CML depending on the presence of T315I
mutation.

DISCUSSION

In the literature, the frequency of detection of T315I
mutation varies in a wide range of 2%-20% depending
on the characteristics of the studied contingent and the
method of analysis used. In the study of Shi DY et al. on
1093 patients, the T315] mutation was the most common
mutation found in imatinib-, nilotinib-, and dasatinib-re-
sistant patients (12.3%, 27.3%, and 34.1%, respectively).?
Large epidemiological studies on the frequency of T315I
mutation confirm that it is the most common mutation in
patients with CML. Different authors focus on different
aspects of the manifestation of this mutation, but unequi-
vocally prove the T315I mutation is associated with a poor
prognosis.'®!! Nicolini et al. found short overall survival
in patients with T315I mutation depending on the pha-
se of the disease: 22.4 months, 28.4 months, 4.0 months
for chronic phase, acceleration and blast crisis and pro-
gression-free survival of 11.5, 22.2, and 1.8, respectively
(calculated from the time of mutation detection).!? In the
study by Shy et al., the detection of a T315I mutation was
analyzed in relation to the type of drug administered and
was more commonly demonstrated in second-generati-
on TKIs. In addition, according to the same authors, it is
more common in men, younger age, lack of concomitant
diseases and advanced stage of disease.” The analysis of
the results of our study did not find a statistical difference
between patients with T315I (+) and T315I (-) according
to the baseline characteristics of the disease at diagnosis -
phase and risk group, demographics, sex and age, and the
comorbidity profile of patients. Many authors, as well as
our analysis, observed adverse clinical evolution, resistan-
ce to treatment and short overall survival, reasonably in
the course of disease progression.!>> On the other hand, a
large number of researchers hypothesize that if the muta-
tion was detected earlier with the highly sensitive Sanger
sequencing, the next generation sequencing or ddPCR,

Chronic Myeloid Leukemia, T315] mutation

Figure 3. Median survival in patients with CML depending on
the presence of the T315I mutation.

which are able to detect very low expression levels!s-7,

this would be a prerequisite for early change of treatment
strategy to the only effective TKI for these patients - po-
natinib and better therapeutic results will be expected!8.
In our cohort of patients harbouring T315I mutation, the
switch to ponatinib occurred only recently and the results
are not ready to be reported. The analysis of the T315I
mutation samples in our study was performed by ddPCR.
The method is much cheaper and faster in the search for a
particular mutation, but its most significant advantage is
its much higher sensitivity (0.01%), which is significantly
higher than that of Sanger sequencing (20%) and the next
generation sequencing (1-3%).>6

CONCLUSIONS

Our results confirm the data from the accumulated world
experience on the frequency of T315I mutation, as well as
the unfavourable evolution, resistance to TKI treatment,
and short survival in patients with CML T315I (+). ddP-
CR is a highly sensitive and informative method for early
detection of genetic mutations, even at low levels of expres-
sion. Timely detection of the T315I mutation, immediately
after failure of first-line TKI therapy in CML patients, pro-
vides a chance to choose effective treatment, improve their
prognosis, and long-term survival.
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Pe3tome

BBepgeHune: Myramys T3151 y maijyeHToB ¢ XpOHMYECKMM MuenoseiikozoM (XMJI) cBsA3aHa ¢ TepaleBTUYeCKOil Pe3UICTeHTHOCTBIO 1
HeO6/IarompyATHBIM IPOTHO30M.

Lensb: Vayunts yacrory mytauyu T3151 y manmentos ¢ XMJI, BCR-ABL (+), ux k/imHn4eckue 0COOEHHOCTH, pa3sBUTHE 3a00/IeBaHNA

" MEAMAHHYIO0 BBDKIBA€MOCTD.

MauyneHTbl N MeToAabl: O6cnenoBano 75 manueHToB ¢ XMJI u BCR-ABLI (+). Myrauns T3151 6bi1a 06Hapy»eHa ¢ HOMOLIbIO
mudposoit ITIP B kamsix, a BCR-ABL1 anamsuposaics ¢ momonibio OT-ITIP. CpaBHKUTETbHbIT aHATN3 IPOBOANICS Ha OCHOBAHUM
110713, BO3PAcTa, a3bl 3a60/1eBaHNsA, TPYIIIIbI PUCKA, JIeUeHN s, MOeKy/LIpHOro otBeta (MO) 1 MefMaHBI BBDKMBAEMOCTH Y ALIIEHTOB
¢ T315I (+) u T315I (-).

Pesynbratbl: Myrammsa T3151 o6napyxeHa y 11 manuentos (14.7%). He 6b110 06Hapy)keHO 3HAUMTEeNbHBIX pasmnunmii B dasax,
Ipynmax pyucka u 6a3oBOM jIeUeHNUM. SHAUYMTENbHO 6osee BbICOKOe cooTHomenue T3151 (+) ne mocturno MR >3.5 log: 8 (72.7%)
npotus 22 (34.4%) (p=0.023). Camble Huskue cpegnue ypoau BCR-ABLI 6bimm 3HaunTenpHO Bbille B rpymmne XMJI T3151 (+) o
cpaBHeHuo ¢ rpynnoit XMJI T315I (-) 12.1+6.0 mporus 3.77+1.28 (p=0.009). CpenHsasa BbDKMBaeMOCTD HaleHToB ¢ T3151 (+) 6pita
3HAYNUTENIBHO KOpoue: 73 MecAlla 10 CpaBHeHMIo ¢ 175 Mecanamu (p<0.0001, IV 95%).

3akntouyeHune: Haun faHHbIe IOATBEPXKAAIOT MIPOBOIL OIBIT OMpefeeHNs YacToTel MyTanuit T3151, BKIouas He6mIaronpuaTHoe
pasBuTHe, ycToiranBocTh K Tepanuu TCI n kopoTkyio BepKuBaeMocTb. ddPCR sAB/IA€TCA BbICOKOYYBCTBUTENIBHBIM METO{OM PAHHETO
06HAPy)XeHNUsI TeHe TUYeCKIX MY TALNIL, HO3BO/IIOLINIT IIPOBOAUTD 3G PeKTUBHOE JIeUeHIe.

KnwoueBble cnoBsa

XMIJI, xuHnYecKast aposonys, mytaunsa T3151
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