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Abstract

Introduction. Since the introduction of the tyrosine kinase inhibitor (TKI) imatinib mesylate (IM) in the  
treatment of chronic myeloid leukemia (CML), a dramatic improvement in hematologic, cytogenetic and molecular  
responses was noted. Also, the overall survival increased significantly. Unfortunately, in certain patients, resistance  
to TKI develops relatively early, especially due to point mutations in the ABL kinase domain, among which the  
T315I mutation confers resistance to all three currently available TKIs (imatinib, dasatinib, nilotinib). Methods. We  
performed a prospective study on 74 patients diagnosed with chronic phase CML, for whom we analyzed the T315I  
mutation. Mutational analysis was performed using ARMS-PCR (with subsequent confirmation by direct sequen-
cing) at regular intervals of 6 months or in case of suboptimal response, loss of response or progression. Correla-
tions between the T315I mutation and disease characteristics, response to treatment and survival were analyzed. A  
comparative analysis between patients positive and negative for the mutation was performed. The patients were fol-
lowed and evaluated according to European Leukemia Net (ELN) criteria. Results. T315I mutation was detected in  
3 patients (4.05%) and its presence was correlated with younger age at diagnosis, second line TKI therapy, pro-
gressive disease and decreased survival from the moment of detection. Conclusions. ARMS-PCR is a sensitive, easy  
to use method for the detection of T315I mutation in chronic phase CML patients.

Keywords: Chronic myeloid leukemia, mutation, T315I, imatinib

*Corresponding author: Andrei Cucuianu, "Ion Chiricuta"Cancer Institute, Hematology Department, 73, 21 
Decembrie 1989 Bvd, 400124, Cluj-Napoca. Email: acucuianu@yahoo.com

29

Original article

DOI: 10.2478/rrlm-2013-0015



Revista Român� de Medicin� de Laborator Vol. 21, Nr. 1/4, Martie 2013

Rezumat

De la  introducerea inhibitorului  de tirozinkinaz�  (ITK)  imatinib mesylate  (IM) în terapia leucemiei  
mieloide  cronice  (LMC),  s-a  observat  o  îmbun�t��ire  dramatic�  a  r�spunsului  hematologic,  citogenetic  �i  
molecular.  Din p�cate,  la o parte  din  pacien�i,  a  ap�rut �i  rezisten�a  la  ITK,  în  special  datorat�  muta�iilor 
punctiforme ale kinazei ABL, dintre care muta�ia T315I confer� rezisten�� la to�i cei 3 ITK disponibili în prezent  
(imatinib, dasatinib, nilotinib). Am efectuat un studiu prospectiv pe un lot de 74 pacien�i diagnostica�i cu LMC 
faz� cronic�, la care am urm�rit apari�ia muta�iei T315I. Analiza muta�ional� a fost efectuat� utilizând tehnica 
ARMS-PCR, (confimat� prin secven�iere direct� în caz de pozitivitate) la interval regulat de 6 luni sau în condi�ii 
de lips� de r�spuns la tratament, de pierdere a r�spunsului sau în caz de evolu�ie a bolii.  Am urm�rit  corela�ii 
între prezen�a muta�iei, caracteristici ale bolii �i r�spunsul la tratament, precum �i supravie�uirea la ace�ti paci-
en�i. Am efectuat o analiz� comparativ� între pacien�ii cu muta�ie T315I �i cei f�r� muta�ie. Urm�rirea pacien�i-
lor �i evaluarea r�spunsului s-au f�cut  conform criteriilor European Leukemia Net (ELN). Muta�ia T315I a fost  
decelat� la 3 pacien�i (4.05%) prezen�a ei corelându-se cu vârsta tânar� la debut, cu utilizarea a dou� linii de  
ITK, cu boala progresiv� �i  supravie�uire de scurt� durat� de la  apari�ia muta�iei. Tehnica ARMS-PCR este o  
metod� sensibil�, u�or de utilizat în detectarea muta�iei T315I la pacien�ii cu LMC faz� cronic�. 
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Introduction

Chronic  myeloid  leukemia  (CML)  is  a 
clonal  disease  of  the  hematopoietic  pluripotent 
stem cell,  characterized  by the  presence  of  the 
Philadelphia chromosome (Ph1) and/or the BCR-
ABL transcript, probably one of the most intens-
ively and comprehensively studied malignancies 
(1). Since the introduction of imatinib mesylate 
(IM) in 1999 as the first tyrosine kinase-targeted 
molecule, a significant improvement in hematolo-
gic,  cytogenetic  and  molecular  responses  was 
noted, as well as an increase in overall survival, 
IM being considered the most important progress 
made  in  the  last  25  years  in  oncology  (2). 
Nowadays, the life expectancy in most newly dia-
gnosed CML patients approaches that of the gen-
eral population. Unfortunately, the initial enthusi-
asm was  soon  darkened  by  the  appearance  in 
some patients of resistance to IM. The most fre-
quent and profoundly studied mechanism of res-
istance is the emergence of point mutations of the 
ABL kinase domain (3). Several multicenter stud-
ies showed that  approximately 37% of patients 
treated with IM will have a suboptimal response 
or fail IM treatment, a significant proportion of 
these failures being due to point mutations (4, 5).

Identifying as early as possible those patients al-
lows  early  therapeutic  strategy  change.  It  is 
known that once the disease progresses, the re-
sponse rate is reduced despite the introduction of 
the second generation tyrosine kinase inhibitors 
(TKI), nilotinib and dasatinib (4, 5). Among the 
more than 100 known BCR-ABL point mutations, 
the T315I mutation confers resistance to all the 
three currently available TKIs and to other drugs 
as well. The mutation results from threonine re-
placement  with isoleucine at  position 315,  thus 
preventing  the  hydrogen  bound  formation 
between IM, nilotinib or dasatinib and the kinase 
(4). Several studies have shown that T315I muta-
tion is associated with reduced survival and re-
duced progression free survival (6- 8). The T315I 
mutation represents 11-20% of all mutations de-
tected in patients resistant to IM in all phases - 
chronic,  accelerated  and  blastic  (6,  7).  T315I 
mutation was also detected, after treatment with 
2nd generation  TKI,  in  27% of  patients  treated 
with nilotinib and in 46% patients treated with 
dasatinib (9, 10). Recent studies showed good res-
ults with third generation TKI, especially ponatin-
ib, but so far, the only certified treatment for pa-
tients  bearing the  T315I  mutation  is  allogeneic 
marrow transplantation, a procedure still associ-

30



Revista Român� de Medicin� de Laborator Vol. 21, Nr. 1/4, Martie 2013

ated with a high rate of morbidity and mortality 
(11). There is a good cost/benefit ratio for identi-
fying these patients through mutational analysis. 
The cost of the analysis is merely a small part of 
the treatment’s cost and identifying non respon-
ders  allows  to  avoid  unnecessarily  expensive 
treatment and to switch to other strategies. Until 
recently,  in  Romania,  mutational  analysis  was 
done  only  in  one  center,  namely  The  Fundeni 
Hematology Clinic in Bucharest. In this study, we 
analyzed  prospectively  the  presence  of  T315I 
mutation in chronic phase CML patients and its 
impact on response to therapy and prognosis. 

Patients and methods

Patients’ characteristics

There  were  74  consecutive  CML  patients  in 
chronic phase, 44 women and 30 men, with a 
median  age  of  51.5  years  (18-84  years),  dia-
gnosed with chronic phase CML between 1996 
and 2010, and treated with TKI therapy at the 
“Ion  Chiricu�a”  Cancer  Institute,  Hematology 
Dept, Cluj-Napoca. All subjects were followed 
for at least 48 months. 

The patients were classified according to 
the Sokal, Hasford and EUTOS risk scoring sys-
tems. The Sokal score was low for 26 (35.1%) pa-
tients,  intermediate for 25 (33.8%) patients and 
high for 23 (31.1%) patients. The Hasford score 
was low for 26 (35.1%) patients, intermediate for 
41 (55.4%) patients  and high for  7 (9.5%) pa-
tients. The EUTOS score was 1 for 48 (64.9%) 
patients and 2 for 26 (35.1%) patients.

Median  spleen  size  was  3  cm below 
costal  margin  (range  0-23  cm).  The  median 
value for the white blood cell count (WBC) was 
98.8  x  103/µl (10  x  103 -  392  x  103/µl),  for 
platelets (Plt) was 498.4 x103/µl(115 x103 -1907 
x103/µl) and for hemoglobin (Hb), 11.3 g/dl (4- 
20 g/dl). The LDH values were widely distrib-
uted with a median value of 717.5 U/L (300- 
2500 U/L).

In  all  patients  the  typical  t(9;22)
(q34;q11) translocation (the Philadelphia chro-

mosome,  Ph1) was found at karyotyping. Four 
patients presented with additional chromosomal 
abnormalities:  additional  Ph1 in  2  patients; 
chromosome Y deletion in 1 patient;  in 1 pa-
tient trisomy 8 and 16q deletion was found and 
hyperploidy was found in 1 patient. At rqPCR, 
all  patients  were  positive  for  the  BCR-ABL 
mutation, displaying the typical b3a2 transcript. 
Since 2009, rqPCR monitoring at  3-6 months 
became standard practice in our department.

Treatment

Fifty  five  patients (74.3%)  received 
imatinib mesylate (IM) as first line therapy. Me-
dian duration of treatment was 32.2 months (2-
109 months). Dasatinib was given to 11 (14.9%) 
patients, as second line after IM. Median dura-
tion of therapy was 14.1 months (1-48 months). 
Nilotinib  was  administered  in  18  (24.3%)  pa-
tients, among which 9 patients in first line. Me-
dian duration of treatment was 6.2 months (1- 24 
months). Second generation TKI’s were admin-
istered in most cases for lack of efficacy to first
line. Treatments given prior to TKI included: hy-
droxiurea,  initially  administered  in 66 (89.2%) 
patients, mostly for the cytoreductive effect, in-
terferon-alpha (IFN) in 20 (27%) patients, cyta-
rabine in 6 (8,1%) patients,  6-mercapto purine 
(6-MP) in 4 (5.4%) patients. Treatment type, re-
sponse  and  duration  before  entering the  study 
were also analyzed. Treatment response to TKI 
(hematological, cytogenetic and molecular) was 
assessed  according  to  the  criteria  defined  by 
European Leukemia Net (ELN).

T315I mutation analysis

T315I mutation analysis was done regu-
lary at 6 months and at times of suboptimal re-
sponse, loss of response or progression. ARMS-
PCR (amplification refractory mutation system - 
polymerase chain reaction) was used for the de-
tection of the T315I mutation. The first step con-
sisted in extracting DNA using a Wizard Genom-
ic DNA Purification (Promega, Madison, USA) 
extraction kit. Then DNA was amplified by PCR 
using 3 primers: the primer for normal allele: 5’-
GCC CCC GTT CTA TAT CAT CAC-3’, primer 
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for mutant allele: 5’- CCC GTT CTA TAT CAT 
CAT-3’ and the common primer: 5’- GGA TGA 
AGT TTT TCT TCT CCA G-3’. Finally the DNA 
fragments  obtained  migrated  through  electro-
phoresis in 2% agarose gel, colored with ethidium 
bromide. Electrophoresis was done at a tension of 
100 V, for 30 minutes, in tampon 1xTBE. For visu-
alizing the gels, we used an UV transiluminator, 
coupled with a photo documentation system (Vil-
ber Lourmat, France) (12-15) (Figure 1). Positive 

samples were later confirmed in other 
centers by direct sequencing. 

SPSS (Statistical Package for 
the Social Sciences) v20 and Medcalc 
v12.3 were used for statistical analys-
is. For univariate analysis, T test for 
independent  variables  and  ANOVA 
test were used for variables with nor-
mal distribution, Mann- Whitney and 
Kruskall-Wallis  tests  were  used  for 
non-normal  distributed  variables,  �2 

test was used for ordinal and dihotom-
ic variables and log-rank test was used 
for time dependent variables.

Results

Response to TKI treatment

Complete  hematologic  response  (CHR)  after 
first line TKI was observed in 60 (90.9%) pa-
tients. Three (4.5%) patients had partial hemat-
ologic  response,  and  another  three  patients 
(4.5%)  patients  had  no  response.  Complete 
cytogenetic  response  (CCyR)  after  first  line 
TKI was reported in 26 (47.3%) patients and 5 
patients (9.1%) had major cytogenetic response. 
19  (34.5%)  patients  had  no  cytogenetic  re-
sponse, 2 (3.6%) patients had minor cytogenetic 
response and 3 (5.5%) patients had partial cyto-
genetic response. In 12 (22.6%) patients, major 
molecular  response  (MMR)  was  obtained. 
Complete  molecular  response-CMR  was  ob-
tained  in  3  (5.7%)  patients.  CHR  for  second 
line TKI was 82.4%, and CCyR was 46.2%. Six 
(8.1%) patients died while on study, the major 
cause of death being disease progression.

T315I mutation detection and correla-

tions with other parameters and outcome

The  T315I  mutation  was  detected  by 
ARMS-PCR  in  three  patients  (4.05%).  The 
presence  of  the  mutation  in  positive  samples 
was subsequently confirmed by direct sequen-
cing in other centers, abroad. 

The  median  age  of  patients  with  the 
mutation was lower than for negative patients, 
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Figure 1. 2% agarose gel electrophoresis (ARMS-PCR). 1, 7 – DNA 
marker with molecular weight (50 pb). 2, 3 – patients positive for T315I 
mutation. 4, 5, 6 –patients negative for T315I mutation. N – fragment 
specific  to  normal allele  (158 pb).  M – fragment specific  to  mutant 
allele (158 pb).

Figure 2. ROC curve for patients’ age - 
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the result  being statistically significant  (36 vs. 
52.3 years, p<0.05). An AUROC test to determ-
ine the cut-off age under which the probability of 
T315I  mutation  increases  was  applied  and  a 
value of 33 years was obtained, with a sensitivity 
of  66.67% (CI 95% 9.4-99.2),  a  specificity  of 
88.73% (CI 95% 79-95)  (p<0.001;  Figure  2). 

There  were  no  differences  regarding  the 
mutation between sexes (test �2; p=0.7). Al-
though, patients with T315I mutation tended 
to have higher LDH (1200 U/L vs. 700 U/L), 
the differences were not statistically signific-
ant (Mann-Whitney test; p=0.07). The T315I 
mutation was detected in both patients with 
chromosome  Ph1 duplication.  The  patients 
positive for the T315I mutation had a higher 
WBC  (117.6  x10  vs.  98.1  x103/µl),  Plt 
(682.3 x10 vs. 490.6 x103/µl) and lower Hb 
(10.9  vs.  11.3)  than  patients  without  the 
mutation but the differences were not statist-
ically significant.  There were also no differ-
ences in peripheral blood basophil (p=0.5) and 
blast percentage (p=0.8) between patients pos-
itive and negative for T315I mutation. Spleen 
size also did not differ between patients with or 
without the T315I mutation (p=0.7). 

There were no differences in Sokal 
score  (p=0.9),  Hasford  score  (p=0.1)  and 
EUTOS score (p=0.9) between T315I posit-
ive and negative patients. 

The  hematologic  response  was  not 
correlated  with  the  mutation.  However,  in 
T315I-positive  patients  neither  CCyR  nor 
MMR was obtained. Still,  due to the small 
number  of  cases  no  statistically  significant 
correlation was obtained.

We found however a strong correla-
tion  between  T315I  mutation  and  multiple 
lines  of  TKI  therapy  (Fisher  Exact  Test; 
p=0.01), all patients positive for the mutation 
being exposed to several lines of treatment. 

Of the 74 patients included in our 
study, 8 patients progressed to blastic phase 
(10.8%) and 4 patients  (5.4%) to acceler-
ated phase. All three patients presenting the 

T315I  mutation  progressed  to  accelerated 
and/or  blastic  phase.  The  first  T315I  patient 
presented  with  intermediate  Sokal  score,  was 
initially  treated  with  interferon,  subsequently 
with imatinib, but had no response to 3 lines of 
TKIs  (IM,  dasatinib,  nilotinib),  progressed  to 
accelerated  phase 112  months  after  diagnosis 
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Figure 3. Survival is decreased in patients 

diagnosed at age >61 years

Figure 4. Survival is decreased in patients 

with Plt > 446x103/µl at diagnosis 
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and at that point the T315I mutation was found 
to be positive.  A treatment  with  homoarhing-
tonine was administered, but the patient had no 
response,  progressed  shortly  afterwards  to 
blastic phase and expired. The second patient, 
diagnosed with chronic phase CML, high Sokal 
score,  high Hasford score,  EUTOS 2 and Ph1 

chromosome  duplication,  progressed  to 
blastic phase shortly after diagnosis, under 
IM  therapy.  No  response  was  noted  after 
dasatinib, nilotinib or subsequent IFN asso-
ciation. The T315I mutation was detected 6 
months  after  diagnosis.  We opted  for  ag-
gressive  chemotherapy  (FLAG  protocol) 
and then allogeneic transplantation from re-
lated  donor,  but  the  patient  expired  with 
non-engraftment  probably  due  to  blastic 
marrow infiltration. The third T315I-posit-
ive  patient  has  a  disease  evolution  of  94 
months. He presented with Ph1 chromosome 
duplication.  He  progressed  to  accelerated 
phase during IM therapy and is currently in 
chronic  phase  under  dasatinib  therapy,  in 
CHR but with no cytogenetic or molecular 
response so far.

As previously stated, six (8.1%) pa-
tients died while on study, the major cause 
of  death  being  disease  progression.  Age 
higher than 61 years at diagnosis was asso-
ciated with early death (p=0.002; Figure 3). 
Although  survival  was  better  for  women 
than men, the difference was not significant 
(p=0.2). WBC and LDH value were not pre-
dictive for survival (p=0.1). Percentages of 
blasts,  basophils  and  spleen size  were not 
higher  in patients  who died.  Patients  with 
Plt  >  446  x103 /µl  had  a  shorter  survival 
(p=0.01;  Figure  4). Higher Sokal and Has-
ford scores correlated with increased risk of 
death  (p=0.03;  Figure  5,  respectively 
p=0.04).  However EUTOS scores were not 
associated with disease evolution in our co-
hort. The risk of death was significantly re-
duced  in  patients  treated  with  IM in  first 
line (p=0.01;  Figure  6). The risk of death 

was significantly increased in patients with no 
hematologic  response  to  first  line  TKI 
(p<0.001; Figure 7). Cytogenetic and molecular 
responses  to first  line TKI therapy, hematolo-
gic,  cytogenetic  and  molecular  responses  to 
second  line  TKI  therapy  were  not  correlated 
with death risk.
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Figure 5. Survival is decreased in patients 

with Sokal 3 (high)

Figure 6. Survival is significantly better in patients 

treated with first line imatinib mesylate
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Discussion

The T315I mutation was not detected at 
diagnosis in  our  patients.  The mutation appeared 
during TKI treatment in only 3 patients (4.05%) 
which is consistent with data in the literature. Des-
pite the inherent statistical limitations in comparing a 
group of 3 patients with a group of 71 patients, sev-
eral aspects concerning the impact of the mutation 
on disease progression and response to TKI were 
evident.  The presence of  the mutation  correlated 
with disease progression in 2 patients (one acceler-
ated phase and one blastic phase) and with lack of 
response to 2 lines of TKI therapy in the third pa-
tient.  The  T315I  mutation  was  associated  with 
younger age at diagnosis, with multiple lines of TKI 
therapy due to suboptimal response or progression, 
the  differences  being statistically significant.  The 
duration of TKI therapy had no influence on the 
emergence of the T315I mutation. T315I mutation 
was correlated with  higher  WBC and Plt  count, 
lower Hb, higher LDH value, but the differences 
was not statistically significant, one important factor 
in the statistical assessment being the small size of 
the positive sample. Two patients presented with Ph1 

chromosome duplication, considered a negative pro-

gnostic factor. Both patients progressed and de-
veloped T315I mutation. The hematologic re-
sponse rate of 90.9% to first line TKI is similar 
to  rates  described  in  the  literature.  CCyR 
(40.9%)  and MMR (22.6%) rates are inferior to 
other studies (1, 2). It is known that TKI resist-
ance is multifactorial. Unfortunately, we could 
not determine IM serum levels, hOCT1 serum 
level  as  well  as  other  ABL mutations.  The 
EUTOS score was designed to predict cytogen-
etic response to TKIs. In our study, we did not 
find a correlation between EUTOS score and 
cytogenetic  response.  In  fact,  the  prognostic 
value of the EUTOS score is controversial, fur-
ther evaluation being needed (16). A higher rate 
of progression to accelerated (4 patients) and 
blastic phases (8 patients) was observed in our 
patients than described in other studies. It is true 
that  second generation  TKIs  were not  easily 

available during the study period. Even so, the over-
all  survival  was  satisfactory  with  only  6  deaths 
(8.1%), confirming the overall progress in CML sur-
vival in the TKI era. The risk of death was correlated 
with younger  age  at  diagnosis,  higher  Plt  count, 
higher Sokal and Hasford scores, lack of CHR to 
first line TKI. There are few options currently for
patients harboring T315I mutation: allogeneic bone 
marrow transplantation, omacetaxine, third genera-
tion TKI’s such as ponatinib. A recently published 
article by Cortes et al showed that omacetaxine is an 
alternative treatment for the patients with CML har-
boring the T315I mutation with rates of CHR at 
77% and CCyR at 16% (17, 18). Also a recent ana-
lysis of a phase I study by Cortes et al demonstrated 
efficacy of ponatinib for patients with chronic phase 
CML and T315I mutation (18, 19). 

Regarding the method used in the detec-
tion of the T315I mutation, we believe that the 
ARMS-PCR technique has a high sensitivity and 
specificity, is inexpensive and can be used on a 
regular basis, as a screening test during the treat-
ment of CML patients. However, it has 2 major 
disadvantages: it allows the analysis of only one 
known  mutation  and  sometimes,  due  to  diffi-
culties concerning DNA sequence, the mutation 
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Figure 7. Survival is significantly decreased in patients 

without hematologic response to first line TKI therapy



Revista Român� de Medicin� de Laborator Vol. 21, Nr. 1/4, Martie 2013

cannot be analyzed. Indeed, the standard method 
for identifying mutations in the ABL kinase do-
main, as recommended by ELN (20) is direct se-
quencing. However, direct sequencing is not cur-
rently available in our center. 

Based  on  our  data  we  propose  an  al-
gorithm on the follow-up of CML patients, taking 
into account the T315I mutation (Figure 8). Ac-
cording to this algorithm, T315I evaluation should 
be done in case of suboptimal or loss of response to 
TKI treatment or progression. T315I positive pa-
tients should be offered allogeneic stem cell trans-
plantation as soon as possible, or enrolled in clinic-
al trials with new agents such as ponatinib or other 
new agents (Aurora kinase inhibitors, etc.).   

Conclusions

To our knowledge, this is the first study 
performed in Romania dedicated to the preval-
ence of T315I mutation in chronic phase CML 
patients  treated with  TKI.  Our  study confirms 

that T315I mutation correlates with negative pro-
gnostic factors: duplication of Ph1 chromosome, 
young age at diagnosis (33 years in our patients), 
multiple TKI therapies. The survival of patients 
bearing the mutation is short and patients bearing 
the mutation  should  be  offered  alternative  op-
tions as soon as possible. ARMS-PCR is a sens-
itive, useful, easy to use method for the detection
of  T315I  mutation  in  chronic  phase  CML pa-
tients. Mutational analysis is not necessary on a 
regular basis, but is mandatory in case of subop-
timal response, loss of response or progression.
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