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T315I, more or less, predicts for major molecular response: the devil is in the details! 
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Initial reports of the presence of a specific mutation in thekinase domain of BCR-ABL1 as the basis of clinical resist-
ance as well as progression in chronic myeloid leukemia

(CML) came on the heels of another first report of Abl
kinase inhibitor success,2 and the former was both a beacon
of light and nidus for uncertainty regarding potential resist-
ance to targeted therapy for Philadelphia chromosome pos-
itive (Ph+) leukemias. More than a decade later, the same
area of discovery has expanded in parallel to the therapy
choices, with rational development of next-generation Abl
kinase inhibitors increasingly able to remain active in the
presence of specific mutations. Fortunately, resistance to
kinase inhibitors in Ph+ leukemia has remained a limited
and early problem, and the list of culprit kinase domain
mutations of greatest concern is still short. Most recently,
clinical reports3 and US Food and Drug Administration reg-
istration of the 3rd generation tyrosine kinase inhibitor (TKI)
ponatinib have brought us an alternative able to overcome,
among others, the threonine-isoleucine substitution at posi-
tion 315, known as the T315I mutation, seemingly filling
the last remaining ‘chink in the armor’ for the management
of mutation-based Abl kinase resistance.
Clinically, the T315I mutation had represented clonal dis-

ease with stark and complete drug resistance, although,
paradoxically, somewhat indolent with regard to disease
course and progression risk.4 With emerging data on specif-
ic (ponatinib)3 and non-specific (omacetaxine)5 therapies
active in the face of such mutations, as well as the availabil-
ity of a total of five kinase inhibitors for Ph+ leukemia,
screening for this and other select mutations continues to
be emphasized. While mutation-based resistance may be
viewed simply as a ‘lock’ and ‘key’ scenario, where clonal
disease bearing a specific mutation evolves to evade drug
effect and dominates with eventual clinical resistance, the
natural history of Ph+ leukemias and their potential for
resistance may be much more complex. 
Increased inquiry into the timing of mutations relative to

drug exposure, the variability of their detection based on
volume of mutated clone, and, perhaps most importantly,
the clinical impact of identifying clonal disease harboring
Abl kinase mutations have all widened the lens significant-
ly. Several points have emerged. 1) Ph+ leukemia, including
chronic phase CML, may generate Abl kinase mutated
clones without TKI exposure.6 2) Mutations can be
observed in patients with minimal residual disease and
without overt clinical resistance.7 3) Also, most recently, it
has been demonstrated that multiple mutations may co-
reside in a clone (compound mutations).8 Naturally, there is
also strong curiosity as to the basis of clinical resistance in
the absence of Abl kinase domain mutations, and thus con-
tinued inquiry into a more basic or ‘root cause’ of resist-
ance. Based on the observations that kinase domain muta-
tions are seen more frequently in advanced forms of Ph+

leukemia and are more often highly drug resistant,9 and
most obviously that kinase inhibitor resistant clones are

seen prior to kinase inhibitor exposure,6 genesis of muta-
tions is thought to be part of the natural history of Ph+

transformed clonal diseases. Other key factors related to
clinical resistance appear to include proliferative rate and
degree of differentiation, adherence to therapy and dose
intensity, and the potential of other Bcr-Abl dependent or
independent mechanisms that are yet to be identified.
Current guidelines10 suggest, and the general practice of

managing patients on kinase inhibitor therapy support the
view that investigation is warranted into Abl kinase muta-
tions when clinical resistance is observed. Screening for
mutations has not been incorporated into routine practice,
expect perhaps for patients diagnosed a priori with
advanced Ph+ disease. In general, mutation testing has been
viewed as a means to explain resistance to current therapy
or predict resistance to next therapy choice rather than pre-
dict response. With the ability to detect ‘low-level’ muta-
tions, not generally observed with routine clinically avail-
able methods, the implication of mutation findings has
extended into the area of predicting response in a general
sense, not just based on available data of selected kinase
inhibitors to treat selected clonal mutation-positive disease.
However, the implications of low-level mutations remain
controversial with regard to the level detected and, more-
over, the point at which the detection occurs: new diagno-
sis, chronic phase response versus resistance, or with pro-
gression.
In this issue of Haematologica, collaborators from

Germany and Norway led by Thoralf Lange of the
Universitätsklinikum Leipzig dig deeper into the prognostic
significance of low-level mutations.11 They quantified the
burden of Bcr-Abl bearing the T315I mutation in patients
with imatinib resistance six months into treatment with
either nilotinib or dasatinib to assess its ability to predict
major molecular response (MMR) at 12 months, considered
an optimal response with initial imatinib therapy and likely
considered equally or even more ideal in the salvage setting.
After determining the appropriate low-level cut off of 10-5

Bcr-AblT315I%/GUS at six months, subsequent molecular
response (MMR at 12 months) was predicted quite nicely
with a sensitivity of approximately 93% and specificity of
approximately 88% from a mixed learning and validation
sample of 80 patients. These results were obtained using
ligation polymerase chain reaction (PCR), which permits
precise and ultrasensitive quantification of specific muta-
tions based on the joining (ligation) of specific probes to
amplified DNA only in the presence of a select mutation,
allowing for measurement of Bcr-Abltotal and Bcr-AblT315I. In
addition, the sensitivity of the ligation PCR technique iden-
tified patients harboring clonal disease with the T315I
mutation earlier than conventional PCR methods.
What are the implications of these findings? First, it sug-

gests we must take care in interpreting the notion of ‘T315I
mutation positive leukemia’; it is the quantification that may
be of greatest significance, and, as the authors speculate, a



threshold amount of clonal disease with a mutation may be
necessary for expansion and clinical resistance. Second,
should ligation PCR or other similar techniques become
more widely available? Incorporation of such an assay into
clinical practice might influence the philosophy of salvage
for patients with primary imatinib (or possibly other TKI as
primary) resistance. Until now, predicting long-term success
with salvage therapy in CML has been related to factors at
time of switch, such as best response to prior TKI, Sokal
risk score, and prior myelosuppression, followed by
response over time with subsequent kinase inhibitor thera-
py. Increasingly, transplant has been called upon, rightly so,
for patients without odds of long-term success with salvage
therapy.12 By adding a molecular assessment early in treat-
ment irrespective of response to judge future success, as the
authors propose, we may be able to see, if you will, the
‘devil in the details’ and navigate salvage better. Clones
with the T315I as seen in this study, with the potential to
persist at low levels or expand, may serve as a basis for clin-
ical resistance to 2nd generation TKIs or even more complex
disease, such as compound mutations, which may pose a
problem for even 3rd generation TKIs such as ponatinib.
Earlier identification and justification for change in therapy
using the T315I clonal burden may clarify how best to use
therapies such as ponatinib as we move forward in an era
of greater understanding and more powerful diagnostics to
combat resistance in CML.
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