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DISCLAIMER  
Not a Substitute for Professional Advice 
This report is primarily intended to help Canadian health systems leaders and 
policymakers make well-informed decisions and thereby improve the quality of health 
care services. While patients and others may use this report, they are made available 
for informational and educational purposes only. This report should not be used as a 
substitute for the application of clinical judgment in respect of the care of a particular 
patient or other professional judgment in any decision making process, or as a 
substitute for professional medical advice. 
 
Liability 
PCODR does not assume any legal liability or responsibility for the accuracy, 
completeness or usefulness of any information, drugs, therapies, treatments, 
products, processes, or services disclosed. The information is provided "as is" and you 
are urged to verify it for yourself and consult with medical experts before you rely on 
it. You shall not hold pCODR responsible for how you use any information provided in 
this report. 
 
Reports generated by pCODR are composed of interpretation, analysis, and opinion on 
the basis of information provided by pharmaceutical manufacturers, tumour groups, 
and other sources. pCODR is not responsible for the use of such interpretation, 
analysis, and opinion. Pursuant to the foundational documents of pCODR, any findings 
provided by pCODR are not binding on any organizations, including funding bodies. 
pCODR hereby disclaims any and all liability for the use of any reports generated by 
pCODR (for greater certainty, "use" includes but is not limited to a decision by a 
funding body or other organization to follow or ignore any interpretation, analysis, or 
opinion provided in a pCODR report). 
 

FUNDING 
The pan-Canadian Oncology Drug Review is funded collectively by the provinces and 
territories, with the exception of Quebec, which does not participate in pCODR at this time. 
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INQUIRIES  
Inquiries and correspondence about the pan-Canadian Oncology Drug Review (pCODR) 
should be directed to:  
 
pan-Canadian Oncology Drug Review 
154 University Avenue, Suite 300 
Toronto, ON 
M5H 3Y9 
 
Telephone: 613-226-2553  
Toll Free: 1-866-988-1444  
Fax: 1-866-662-1778  
Email: requests@cadth.ca  
Website: www.cadth.ca/pcodr  
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1 GUIDANCE IN BRIEF  
1.1 Background  

The purpose of this review is to evaluate the safety and efficacy of ponatinib (Iclusig) as 
compared to an appropriate comparator in patients with  

• chronic phase, accelerated phase, or blast phase chronic myeloid leukemia 
(CML) or Philadelphia chromosome positive acute lymphoblastic leukemia (Ph+ 
ALL) for whom 

• Other tyrosine kinase inhibitor (TKI) therapy is not appropriate, including CML 
or Ph+ ALL that is T315I mutation positive or where there is prior TKI resistance 
or intolerance. 

Ponatinib has a Health Canada indication which is the same as the indication under pCODR 
review. Ponatinib is an oral tablet available as 15 mg and 45 mg; it has Health Canada 
approval with conditions for 45 mg once daily.1  

 

1.2 Key Results and Interpretation  

1.2.1 Systematic Review Evidence  

The pCODR systematic review included one open-label single-arm phase II study (PACE) 
examining the use of ponatinib in patients who were resistant or intolerant to imatinib, 
dasatinib, or nilotinib including those who developed the T3151 mutation after TKI 
therapy.2  

The study had a total of 449 patients receiving ponatinib: 

• 270 in chronic phase (CP), with 214 patients (84%) resistant to dasatinib or nilotinib 
and 40 patients (16%) with unacceptable side effects to dasatinib or nilotinib. 

• 85 in accelerated phase (AP), with 74 patients (92%) resistant to dasatinib or 
nilotinib and 6 patients (8%) with unacceptable side effects to dasatinib or 
nilotinib. 

• 62 in blast phase (BP), with 59 patients (97%) resistant to dasatinib or nilotinib and 
2 patients (3%) with unacceptable side effects to dasatinib or nilotinib. 

• 32 in Ph+ ALL, with 27 patients (90%) resistant to dasatinib or nilotinib and 2 (7%) 
with unacceptable side effects to dasatinib or nilotinib. 

Resistant or unacceptable side effects to dasatinib or nilotinib at any time, this includes 
but is not limited to, failure to achieve a MaHR within three (AP/BP-CML) or one month 
(Ph+ ALL) of initiation of therapy. They are further defined in Section 6.3.2.1.a. The 
median age of patients was 60, 60, 53, and 62 years in the CP, AP, BP, and Ph+ ALL groups, 
respectively. The majority of patients had an ECOG PS of 0 (60%) or 1 (33%). Ninety-three 
percent of patients had ≥2 drugs for prior TKI therapy and 58% of patients had ≥3 drugs. 
The median time on prior TKI therapy was 4.6 months (range of 0.1-13.3). The median 
duration of treatment was 12.8 months (range 1 day to >24.8 months). The median relative 
dose intensity was 0.84. 
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Efficacy 

Major cytogenetic response (MCyR) was the primary outcome for patients with CP-CML. 
Major hematologic response (MaHR) was the primary outcome for patients with AP-CML, 
BP-CML, and Ph+ ALL patients. Secondary endpoints included response (hematologic, 
cytogenetic, and molecular), time to response, and duration of response. For the main 
data analysis of PACE, the median follow-up was 15 months (range of <1 to 25). 

 

CP-CML patients: 

MCyR at any time within the first 12 months was reached in 56% (95%CI: 50-62) of patients 
with CP-CML. Of those who had a response to treatment, the median time to a MCyR was 
2.8 months (range: 1.6-11.3) and the median duration of a MCyR was not reached. A 
sustained response of at least 12 months was seen in 91% of patients who had a MCyR. 

AP-CML and BP-CML patients: 

MaHR by 6 months was reached by 55% (95%CI: 44-66) of patients with AP-CML and 31% 
(95%CI: 20-44) of patients with BP-CML. Of those who had a response to treatment, the 
median time to a MaHR was 3 weeks (range: 2-25 weeks) for AP-CML patients and 4.1 
weeks (range: 1.7-16.1) for BP-CML patients. The median duration of a MaHR was 12 
months and 5 months for patients with AP-CML and BP-CML, respectively. Sustained 
responses of at least 12 months were seen in 48% and 42% of patients with AP-CML and BP-
CML, respectively.  

Ph+ ALL patients: 

MaHR was seen in 41% (95%CI: 24-59) of patients with Ph+ ALL. Of those who had a 
response to treatment, the median time to a MaHR was 2.9 weeks (range: 1.6-24) and the 
median duration was 3 months. A sustained response of at least 12 months was estimated 
to be 8%.  

Efficacy results for patients in the PACE study   
 MCyR/MaHR, 

% (95%CI) 
Median time to 
MCyR/MaHR, range 

Median duration of 
MCyR/MaHR, months 

Sustained 
response, % 

CP-CML (n=270) 56 (50-62) 2.8 months (1.6-11.3) Not Reached 91 
AP-CML (n=85) 55 (44-66) 3 weeks (2-25) 12 months 48 
BP-CML (n=62) 31 (20-44) 4.1 weeks (1.7-16.1) 5 months 42 
Ph+ ALL (n=32) 41 (24-59) 2.9 weeks (1.6-24) 3 months 8 

 

Quality of life was not measured in the PACE study. 

 

Harms 

There were 57 (13%) deaths during the study or within 30 days after treatment was 
discontinued, causes of death included progressive disease (29 patients) and adverse 
events (28 patients). Five deaths were attributable to ponatinib and due to pneumonia, 
myocardial infarction, fungal pneumonia, gastric hemorrhage, or cardiac arrest.  

The most common non-hematologic grade 1 and 2 adverse events (AEs) were rash (34%), 
dry skin (32%), and abdominal pain (22%). Rates of grade 3 or 4 AEs were similar across all 
patient groups (CP-CML, AP-CML, BP-CML, and Ph+ ALL). Serious non-fatal treatment-
emergent serious AEs included arterial thromboembolic and arterial stenosis events. At the 
original data cut-off date, 41 (9%) of patients experienced an arterial event of all grades. 
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Fifty-five percent of patients had a dose reduction and 73% of patients had at least one 
dose interruption. For all cohorts, a dose reduction was recommended by the 
manufacturer in October 2013. The most common reasons for study discontinuation were 
progressive disease (21%) and adverse events (15%). 

 

1.2.2 Additional Evidence  

pCODR received input on ponatinib from one patient advocacy group (Chronic Myelogenous 
Leukemia Society of Canada). Provincial Advisory Group input was obtained from nine of 
nine provinces (Ministries of Health and/or cancer agencies) participating in pCODR. No 
supplemental issues were identified during the development of the review. 

 

1.2.3 Interpretation and Guidance 

While the majority of patients with CML/ALL do well on first and second-generation TKIs, a 
small number of patients will not benefit from treatment with current TKIs. These patients 
include those who develop mutations (e.g. T3151 mutations) that are resistant to these 
agents, those who fail on at least two second-generation TKIs, or those who progress to 
advanced disease while on a TKI. Treatment options for these patients include allogeneic 
hematopoietic cell transplantation and palliative treatment with hydroxyurea.  

Although there is a lack of long-term data on the risks and benefits of ponatinib, the 
Clinical Guidance Panel felt that early adoption of ponatinib was justified given the urgent 
clinical need of the highly selected group of patients.  

Effectiveness 

Responses (MCyR and MaHR) to ponatinib were observed for all subgroups of patients 
enrolled in the PACE study. MCyR was observed for 56% of patients with CP-CML. Ninety-
one percent of patients with CP-CML who achieved this endpoint remained in a MCyR at 
the end of the first year of treatment. MaHR was observed for 55% of patients with AP-CML 
and 31% of patients with BP-CML. MaHR was observed in 41% of patients with Ph+ ALL.  

At the primary data cut-off, median overall survival (OS) was not reached for patients with 
CP-CML and AP-CML, 12-month OS rates were 94% and 86%, respectively. The median OS 
for patients with BP-CML was 6.9 months with a 12-month OS rate of 31%. The median OS 
for patients with Ph+ ALL was 9.0 months with a 12-month OS rate of 47%.  

There have been no comparisons of ponatinib compared to other agents for treating 
patients with CML/ALL, however ponatinib should not be an alternative to other TKIs but 
as a last-resort option for patients who would otherwise be treated with palliative intent.  

Safety 

Ponatinib is associated with a relatively high rate of grade 3 and 4 hematological adverse 
events including neutropenia and thrombocytopenia. Non-hematological grade 3 and 4 
adverse events included increased lipase, pancreatitis, abdominal pain, and rash. Concerns 
have been raised about the high rates of arterial and venous occlusive events among 
patients treated with ponatinib. Recurrent events are common among patients who 
experience one of these events and who choose to remain on ponatinib. Among patients 
who experience an arterial event, 95% had one or more risk factor for atherosclerotic 
disease. It is anticipated this risk will be mitigated by restricting the ability to prescribe 
ponatinib to specifically-trained physicians with expertise in managing CML and the 
specific side effects of ponatinib.  
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 1.3 Conclusions  

The Clinical Guidance Panel (CGP) concluded that there is net clinical benefit for select 
patients with CML/ALL with ponatinib. Patients with CML who would benefit from this 
agent include those who are not candidates for hematopoietic cell transplantation and 
who 1) develop a T315I mutation, 2) are resistant or intolerant to two currently-available 
second generation TKIs, or 3) progress to advanced disease on a TKI. Benefit was seen with 
ponatinib in all phases of CML and in Philadelphia-positive ALL. The CGP felt that 
treatment with this agent should be available to all patients with Philadelphia-positive 
leukemia regardless of stage and prior therapy, who 1) develop T315I mutations, 2) are 
resistant or intolerant to two or more second generation TKIs, or 3) progress to advanced 
disease while on treatment with a TKI. The Panel based this conclusion on the results of a 
large phase II open-label study showing a high rate of clinically-meaningful responses in 
this group of patients. Although serious safety concerns have been identified the panel felt 
that the risks of treatment with ponatinib were justified given the lack of alternative 
treatments. The panel was unable to consider quality of life given the lack of data from 
the study. In reaching this conclusion the panel considered that: 

• The ability to prescribe ponatinib should be restricted to physicians who have received 
specific training in its use. The side effect profile of ponatinib differs from that of 
other agents used to treat Philadelphia-positive leukemias and special care is required 
to address cardiovascular risk factors for patients receiving this drug. Such Risk 
Evaluation and Mitigation Programs have been successfully established for other drugs. 

• There is currently no data on the optimal starting dose for ponatinib, however there is 
evidence for CP-CML that dose can reduced after initial response to as low as 15 mg 
daily with a decrease in adverse events.  

• Decreasing the dose of ponatinib to the lowest dose possible to achieve the target 
benefit may improve the side effect profile of this agent. Newer guidelines for the use 
of ponatinib have recommended such dosage adjustments. 

• It is unlikely that indications for ponatinib will broaden substantially given the adverse 
effect profile of this drug. Indication creep could be addressed through a carefully 
designed Risk Evaluation and Mitigation Program. 

• An indirect study comparison of ponatinib and other TKIs is not appropriate given the 
different patient populations, lines of therapy, and small sample sizes in the available 
studies. 
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2 CLINICAL GUIDANCE 

This Clinical Guidance Report was prepared to assist the pCODR Expert Review Committee (pERC) 
in making recommendations to guide funding decisions made by the provincial and territorial 
Ministries of Health and provincial cancer agencies regarding ponatinib (Iclusig) for Chronic 
Myeloid Leukemia/Acute Lymphoblastic Leukemia.  The Clinical Guidance Report is one source of 
information that is considered in the pERC Deliberative Framework. The pERC Deliberative 
Framework is available on the pCODR website, www.cadth.ca/pcodr. 

This Clinical Guidance is based on: a systematic review of the literature regarding ponatinib 
(Iclusig) conducted by the Leukemia Clinical Guidance Panel (CGP) and the pCODR Methods Team; 
input from patient advocacy groups; input from the Provincial Advisory Group; and supplemental 
issues relevant to the implementation of a funding decision.   

The systematic review is fully reported in Sections 6.  Background Clinical Information provided by 
the CGP, a summary of submitted Patient Advocacy Group Input on ponatinib (Iclusig) and a 
summary of submitted Provincial Advisory Group Input on ponatinib (Iclusig) are provided in 
Sections 3, 4 and 5 respectively. 

2.1 Context for the Clinical Guidance  

2.1.1 Introduction   

CML accounts for approximately 10-15% of cases of leukemia diagnosed in Canada. The 
median age at diagnosis of CML is 65 years, with an incidence in North America of 1-
2/100,000/year; it is estimated that 5,890 cases will be diagnosed in the United States in 
2014, and CML will be responsible for approximately 800 deaths.3 There were 447 cases of 
CML diagnosed in Canada in 2006, the most recent year for which there are incidence 
data.4 ALL represents about 20% of all leukemias in adults.5 Ph+ ALL is associated with a 
particularly poor prognosis despite development in TKI therapies, with a worse prognosis 
than other forms of ALL.  

 
In the past, without treatment or with previous chemotherapy using busulfan or 
hydroxyurea, overall survival was approximately 3 to 5 years. Allogeneic stem cell 
transplantation resulted in cure of 70-80% of patients treated in chronic phase, but this 
treatment was limited to younger patients and those with available donors, and thus 
limited to less than 25% of the population. For those who were not candidates for 
allotransplant, or for whom a donor could not be found, interferon alpha was effective in 
producing hematologic and occasional cytogenetic responses, but side effects limited its 
use to those <50 years of age.6 

The use of oral tyrosine kinase inhibitors (TKIs) targeting the BCR-ABL kinase represents 
the standard of care for patients with newly diagnosed CP CML and Ph+ ALL. Imatinib was 
the first drug in this class to be approved, and recent reports of improvements in 
population-based CML outcomes largely reflect the use of this agent.7 However, roughly 
1/3 of patients treated with imatinib will discontinue therapy, due either to intolerance 
from side effects (diarrhea, fatigue, edema) or loss of previous molecular, cytogenetic or 
hematologic response because of emergence of drug resistance. The second generation 
TKIs dasatinib and nilotinib have a much smaller spectrum of resistance mutations, but 
neither are able to overcome the T315I mutation. Both of these agents produce similar 
rates of major molecular response (MMR) and have similar progression-free and overall 
survival when used as second-line therapies.  

Current treatment recommendations of the European Leukemia Network are that imatinib, 
nilotinib or dasatinib are appropriate for initial therapy for CP CML. In Canada, imatinib is 
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approved for initial therapy in all provinces; funding for dasatinib and nilotinib varies from 
province to province, resulting in a heterogeneous approach to primary therapy across the 
country.  

Current treatment options for Ph+ ALL, similar to CML, include the TKIs imatinib and 
dasatinib. In Canada, none of the TKIs are approved for use in Ph+ ALL following failure on 
dasatinib or in patients with the T315I mutation. Most patients with ALL who cannot be 
rescued with currently available TKI therapies would be treated with allotransplant or 
supportive care.  

Ponatinib was rationally designed to fit into the ATP binding domain of mutant forms of 
BCR-Abl, and is known to bind firmly even in the presence of mutations such as T315I that 
are associated with resistance to first and second-generation TKIs. Serious toxicity of 
ponatinib includes elevation of pancreatic enzymes, pancreatitis, dermatitis and fatigue. 
Hematological toxicity includes grade 3 and grade 4 cytopenias. 

 

2.1.2 Objectives and Scope of pCODR Review  

To evaluate the effectiveness of ponatinib (Iclusig) for the treatment of adult patients with 
chronic phase, accelerated phase, or blast phase chronic myeloid leukemia (CML) or 
Philadelphia chromosome positive acute lymphoblastic leukemia (Ph+ ALL) for whom other 
tyrosine kinase inhibitor (TKI) therapy is not appropriate, including CML or Ph+ ALL that is 
T315I mutation positive or where there is prior TKI resistance or intolerance. 

 

2.1.3 Highlights of Evidence in the Systematic Review  

 This section describes highlights of evidence in the systematic review.  Refer to section  
  2.2 for the clinical interpretation of this evidence and section 6 for more details of the  
  systematic review.  

One open label, phase 2, single arm, ongoing study was found for this review (PACE study). 
Characteristics of the study’s design can be found in Table 5. The study included CML or PH+ 
ALL patients who were resistant or intolerant to imatinib, dasatinib or nilotinib including 
patients who developed the T3151 mutation after TKI therapy.2 A total of N=449 patients were 
included in this study. There were 270 chronic phase CML patients, 85 accelerated phase CML 
patients, 62 blast phase CML patients and 32 PH+ ALL patients.2 The median age of patients 
was 60 years. Sixty percent of patients had an ECOG performance status (ECOG PS) 0, 33% had 
an ECOG PS 1 and 8% had an ECOG PS 2. Ninety three percent of patients had two or prior TKIs 
and 58% had three or more previous TKIs. Resistance to TKIs was seen in 88% of patients and 
intolerance in 12% and unspecified in 1% of patients.2   
 
The PACE study commenced in September 2010. Ponatinib was administered orally in a 45 mg 
tablet taken once daily. The manufacturer of ponatinib issued a dose reduction 
recommendation on October 10, 2013. For CP-CML patients who have achieved a MCyR, the 
dose should be reduced to 15 mg/day, for CP-CML patients who have not already achieved 
MCyR the dose should be reduced to 30 mg/day and for advanced-phase patients the dose 
should be reduced to 30 mg/day.8 
 
At the January 6, 2014 analysis, the median follow-up was 27.9 months (range 0.1-39.5 
months) and 38% of patients (50% were CP-CML) were still ongoing in the study. The most 
common reasons for study discontinuation were progressive disease (21%) and adverse events 
(15%).9 
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Myelogenous Leukemia Society of Canada (CMLSC) reported that patients’ expectations for 
ponatinib is that it will result in fewer hospital visits, and although managing side effects is an 
ongoing challenge, patients can, to some degree, manage a fairly normal lifestyle as it would offer 
them a chance to control BCR-ABL, the causative factor in CML, and would therefore would extend 
their lives significantly.  Respondents who have experience with ponatinib reported that they 
responded well to the drug and that their hematological and molecular response while on 
ponatinib improved significantly.  However, respondents also noted side effects, such as, dry eyes, 
constipation, fatigue and muscle pain were difficult to manage, and that they needed better help 
with managing these side effects.  Recognizing the side-effects, CMLSC submits that ponatinib 
could play an important role and benefit for a minority of CML patients in which current therapy is 
not effective (i.e., due to a mutation such as T315I) or who do not respond to current therapy. In 
addition, ponatinib may also be important with helping patients regain response and time for a 
suitable bone marrow donor to be located.  

 

PAG Input  

The Provincial Advisory Group includes representatives from provincial cancer agencies and 
provincial and territorial Ministries of Health participating in pCODR. The complete list of PAG 
members is available on the pCODR website (www.cadth.ca/pcodr). PAG identifies factors that 
could affect the feasibility of implementing a funding recommendation. 

Overall Summary 

Input was obtained from all of the nine provinces (Ministries of Health and/or cancer agencies) 
participating in pCODR. PAG identified the following as factors that could impact the 
implementation of ponatinib: 

 Clinical factors:  
• New drug with severe toxicities to monitor 
• Long-term data on benefits versus risks of treatment 

  
        Economic factors: 

• Cost of drug 
 

2.2 Interpretation and Guidance 

Burden of Illness and Need 
 
Approximately 450 new cases of Chronic Myelogenous Leukemia are diagnosed in Canada 
every year. While the majority of these patients are expected to do very well with the 
first- and second-generation tyrosine kinase inhibitors (TKI) already available, a small 
number of patients will not benefit from treatment with these medications. This group 
consists of patients who develop mutations that are resistant to these agents, such as the 
T315I BCR-Abl mutation, those who fail on at least two second-generation TKIs, or who 
progress to advanced disease while on a TKI. Treatment options for this group of patients 
include allogeneic hematopoietic cell transplantation (available to the few younger 
patients with suitable donors) and palliative treatment with hydroxyurea. The Clinical 
Guidance Panel estimates that only ten patients with CML presenting in chronic phase 
would require treatment with ponatinib each year in Canada. 
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Efficacy 
 
Patients (n=449) with Philadelphia chromosome-positive leukemias who were resistant or 
intolerant to nilotinib or dasatinib, who had unacceptable toxicity to these agents, or who 
developed the T315I mutation after any tyrosine kinase inhibitor therapy were treated 
with ponatinib in a single-arm phase II study. Patients had received extensive prior therapy 
and had been treated with tyrosine kinase inhibitors for a median of 4.6 (range 0.1 – 13.3) 
years. More than half of CML and 38% of Ph+ ALL patients had received three or more 
previously approved tyrosine kinase inhibitors. The overwhelming majority of patients 
(88%) had experienced resistance to nilotinib or dasatinib prior to enrollment in this study. 
The median follow-up of patients on this study was 15 months. 
 
Responses to ponatinib were observed in all subgroups of patients enrolled on this study. 
Among patients with chronic-phase CML, 56% of patients experienced a major cytogenetic 
response (the primary endpoint for this group), with responses being seen more commonly 
in patients with T315I mutations. Cytogenetic responses were sustained, with 91% of 
patients who achieved this endpoint remaining in a major cytogenetic response at the end 
of the first year of treatment. The primary endpoint for patients with advanced 
(accelerated- or blast-phase) CML was a major hematological response after six months of 
treatment. This endpoint was reached in 55% of patients with accelerated-phase and 31% 
of patients with blast-phase CML. Responses were sustained for at least one year in 73% of 
responding accelerated-phase patients and their rate of progression-free survival was 55%. 
Among patients with Philadelphia-positive ALL the rate of major hematologic response was 
41% with 38% of these patients achieving complete cytogenetic response. No single BCR-Abl 
mutation was associated with resistance to ponatinib. 
 
At the primary data cut off, median overall survival was not reached for the CP and AP-
CML groups, 12-month OS rates were 94% and 86%. The median OS for the BP-CML group 
was 6.9 with a 12-month OS rate of 31% and the median OS for the Ph+ ALL group was 9.0 
months with a 12-month OS rate of 47%. 
 
 
Safety 
 
Treatment with ponatinib is associated with a relatively high rate of grade 3 – 4 
hematological adverse events. Grade 3 – 4 neutropenia and thrombocytopenia were 
observed in 14% and 32% of chronic-phase, 26% and 33% of accelerated-phase and 18% and 
26% of blast-phase patients, respectively. Non-hematological grade 3 – 4 adverse events 
included increased lipase or pancreatitis, abdominal pain or rash. Rates of serious adverse 
events were similar for patients with Ph+ ALL. Concern has been raised over the high rate 
of arterial and venous occlusive events that has been observed among patients treated 
with ponatinib. Cardiovascular, cerebrovascular and/or peripheral arterial occlusion was 
seen in 7.1%, 3.6% and 4.9% of patients in this study. Recurrent events are common among 
patients who experience one of these events and who choose to remain on ponatinib. 
Among patients who experienced an arterial event, 95% had one or more risk factor for 
atherosclerotic disease. It is anticipated that this risk will be mitigated by restricting the 
ability to prescribe ponatinib to a relatively small group of specifically-trained physicians 
with expertise in the management of CML and the specific side effects of this drug. 
 
Limitations 
 
Despite being the largest study to date in this group of patients, this study has a number of 
limitations that may have implications for the adoption of ponatinib for clinical use. These 
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include the lack of long-term data on the risks and benefits of treatment with ponatinib. 
This limitation is common to all new drugs that enter clinical use shortly after completion 
of early-phase studies and the panel felt that early adoption of ponatinib was justified 
given the urgent clinical need of the highly selected group of patients who need it. There 
have been no comparisons of ponatinib to other agents used to treat patients with 
CML/ALL, and this lack of a control group makes it difficult to estimate the magnitude of 
the clinical benefit patients may experience. Ponatinib, however, is not to be positioned 
as an alternative to other TKIs but as an agent of last-resort for patients who otherwise 
would largely be treated with palliative intent. In the face of such an active agent it is 
difficult to justify a study that would randomize patients to receive palliative/supportive 
care, and it is highly doubtful that phase III studies of ponatinib will be carried out in this 
setting. Finally, this study does not report on quality of life. 
 
 

2.3 Conclusions 

The Clinical Guidance Panel (CGP) concluded that there is net clinical benefit for select 
patients with CML/ALL with ponatinib. Patients with CML who would benefit from this 
agent include those who are not candidates for hematopoietic cell transplantation and 
who 1) develop a T315I mutation, 2) are resistant or intolerant to two currently-available 
second generation TKIs, or 3) progress to advanced disease on a TKI. Benefit was seen with 
ponatinib in all phases of CML and in Philadelphia-positive ALL. The CGP felt that 
treatment with this agent should be available to all patients with Philadelphia-positive 
leukemia regardless of stage and prior therapy, who 1) develop T315I mutations, 2) are 
resistant or intolerant to two or more second generation TKIs, or 3) progress to advanced 
disease while on treatment with a TKI. The Panel based this conclusion on the results of a 
large phase II open-label study showing a high rate of clinically-meaningful responses in 
this group of patients. Although serious safety concerns have been identified the panel felt 
that the risks of treatment with ponatinib were justified given the lack of alternative 
treatments. The panel was unable to consider quality of life given the lack of data from 
the study. In reaching this conclusion the panel considered that: 

In reaching this conclusion the panel considered that: 
 
• The ability to prescribe ponatinib should be restricted to physicians who have received 

specific training in its use. The side effect profile of ponatinib differs from that of 
other agents used to treat Philadelphia-positive leukemias and special care is required 
to address cardiovascular risk factors for patients receiving this drug. Such Risk 
Evaluation and Mitigation Programs have been successfully established for other drugs. 

• There is currently no data on the optimal starting dose for ponatinib, however there is 
evidence for CP-CML that dose can reduced after initial response to as low as 15 mg 
daily with a decrease in adverse events.  

• Decreasing the dose of ponatinib to the lowest dose possible to achieve the target 
benefit may improve the side effect profile of this agent. Newer guidelines for the use 
of ponatinib have recommended such dosage adjustments. 

• It is unlikely that indications for ponatinib will broaden substantially given the adverse 
effect profile of this drug. Indication creep could be addressed through a carefully 
designed Risk Evaluation and Mitigation Program. 

• An indirect study comparison of ponatinib and other TKIs is not appropriate given the 
different patient populations, lines of therapy, and small sample sizes in the available 
studies. 

  



 

pCODR Final Clinical Guidance Report – Ponatinib (Iclusig) for Chronic Myeloid Leukemia/ Acute Lymphoblastic Leukemia 
pERC Meeting: July 16, 2015; pERC Reconsideration Meeting: September 18, 2015 
© 2012 pCODR | PAN-CANADIAN ONCOLOGY DRUG REVIEW   14 

3 BACKGROUND CLINICAL INFORMATION  
This section was prepared by the pCODR Hematology Clinical Guidance Panel. It is not based on a 
systematic review of the relevant literature. 

3.1 Description of the Condition 

Chronic Myeloid Leukemia (CML) is a clonal bone marrow stem cell disorder resulting in the 
unregulated growth of granulocyte precursor cells and production of excessive neutrophils, 
eosinophils and basophils in the bone marrow. With more routine blood counts being done 
as part of physicals, most patients are asymptomatic when diagnosed.  Those presenting 
with symptoms typically present with fatigue, anemia or symptoms due to splenic 
enlargement. Initial laboratory results demonstrate a high white blood cell (WBC) with 
large numbers of granulocyte precursors and an increased platelet count. Acute 
Lymphoblastic Leukemia (ALL) is an aggressive hematological malignancy characterized by 
the excessive production of immature lymphoblasts. Like CML, symptoms include fatigue, 
anemia and enlarged lymph nodes, liver and/or spleen. 

Blood and bone marrow cells in patients with CML usually contain a characteristic 
chromosomal abnormality resulting from a balanced translocation between chromosomes 9 
and 22 (the Philadelphia chromosome, Ph+). Ph+ chromosomal abnormality occurs in 
approximately 20-30% of adult patients with ALL.14 The protein produced by this fusion 
gene is a constitutively active tyrosine kinase resulting in the continuous activation of 
other cell cycle regulatory proteins and unrestrained bone marrow proliferation. Since the 
introduction of tyrosine kinase inhibitors for Ph+ hematological disorders the BCR-Abl 
kinase has been the key therapeutic target in the treatment of CML and BCR-Abl-
expressing ALL. The presence of cells bearing the t(9;22) translocation in the blood and 
bone marrow form the basis of response monitoring in this disorder. 

CML accounts for approximately 10-15% of cases of leukemia diagnosed in Canada. The 
median age at diagnosis of CML is 65 years, with an incidence in North America of 1-
2/100,000/year; it is estimated that 5890 cases will be diagnosed in the United States in 
2014, and CML will be responsible for approximately 800 deaths.3 There were 447 cases of 
CML diagnosed in Canada in 2006, the most recent year for which there are incidence data. 
4 Ph+ CML is very rare in children. The identified risk factors for development of CML, in 
addition to age, is significant radiation exposure (such as in atomic bomb survivors or 
nuclear reactor incidents). 

ALL is the most common form of childhood leukemia and represents about 20% of all 
leukemias in adults.5 Ph+ ALL is associated with a particularly poor prognosis despite 
development in TKI therapies, carrying a worse prognosis than other forms of ALL. The 
majority of patients (>95%) with CML are in chronic phase (CP) at diagnosis. In the distant 
past, without treatment or with previous chemotherapy using busulfan or hydroxyurea, this 
was followed by progression to accelerated and blast phases which was invariably fatal. 
Overall survival prior to the use of modern treatment was approximately 3 to 5 years. 
Allogeneic stem cell transplantation from a sibling or matched unrelated donor resulted in 
cure of 70-80% of patients treated in CP, but this treatment was limited to younger 
patients and those with available donors, and thus limited to less than 25% of the 
population. Hence, previously CML was a fatal disease for 80-90% of patients prior to the 
introduction of specific inhibitors of the BCR-ABL kinase, described below. For those who 
were not candidates for allotransplant, or for whom a donor could not be found, interferon 
alpha was effective in producing hematologic and occasional cytogenetic responses, but 
side effects limited its use to those <50 years of age.6 Interferon is rarely used anymore 
and usually indicated for women who are pregnant or trying to become pregnant. 
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3.2 Accepted Clinical Practice 

The use of oral tyrosine kinase inhibitors targeting the BCR-ABL kinase represents the 
standard of care for patients with newly diagnosed CP CML and Ph+ ALL. Imatinib was the 
first drug in this class to be approved, and recent reports of improvements in population-
based CML outcomes largely reflect the use of this agent.7 Long-term follow-up of patients 
on the original trial comparing imatinib to interferon-cytarabine therapy shows that at 5 
years, 87% of patients have had a complete cytogenetic response (no evidence of the Ph+ 
chromosome in the bone marrow), and only 6% have progressed to accelerated or blast 
phase.15 The starting dose of imatinib is 400mg daily; comparisons of this dose to high-dose 
imatinib (800mg/day) showed similar rates of complete cytogenetic and major molecular 
response at 1 year, with fewer side effects.16  

With additional follow up of patients treated with TKIs for CP CML, response criteria have 
been refined, and are summarized in Table 3.17 

Table 3: Response Criteria 
Time from start of 
therapy 

Optimal Response Treatment Failure 
 

3 months BCR-ABL <10% 
Ph+ <35% (partial cytogenetic 
response, PCyR) 

No complete hematologic response 
(CHR) 
Ph+ >95%  

6 months BCR-ABL <1% 
Ph+ 0 (complete cytogenetic 
response, CCyR) 

BCR-ABL >1% 
and / or Ph+ > 35% 
 

12 months BCR-ABL < 0.1% (major 
molecular response, MMR) 

BCR-ABL >1% 
and / or Ph+ > 0 

During follow-up BCR-ABL < 0.1% (MMR) Loss of CHR 
Loss of CCyR 
Loss of MMR 
mutations 

 
Roughly 1/3 of patients treated with imatinib will discontinue therapy, due either to 
intolerance from side effects (diarrhea, fatigue, edema) or loss of previous molecular, 
cytogenetic or hematologic response because of emergence of drug resistance. Mutations 
to the ATP binding site of BCR-Abl, which is the site of contact of tyrosine kinase inhibitors 
active in these diseases, are associated with drug resistance and a high risk of progression. 
While some binding site mutations may preserve the activity of alternative TKIs the T315I 
mutation is associated with universal resistance to first and second generation drugs. The 
second generation TKIs dasatinib and nilotinib have a much smaller spectrum of resistance 
mutations, but neither are able to overcome the T315I mutation. Both of these agents 
produce similar rates of MMR and have similar progression-free and overall survival when 
used as second-line therapies. The T315I mutation is more likely to occur in ALL or BP that 
has become resistant to other drugs, particular dasatinib. Survival is shorter with the T315I 
mutation given the lack of effective treatment options. 

Dasatinib and nilotinib have been compared to imatinib as initial therapy for CP CML. 
Nilotinib 300 mg twice daily was compared to imatinib 400 mg once daily and resulted in a 
significantly higher rate of CCyR after 1 and 2 years (80% vs 65%, and 87% vs 77%), a 
significantly higher rate of MMR after 1 year (50% vs 27%) and 3 years (73% vs 53%).18 In a 
second trial, patients with newly diagnosed CP CML were randomized to dasatinib 100 mg 
daily vs imatinib 400 mg daily. Dasatinib resulted in a significantly higher rate of CCyR 
after 1 year compared to imatinib (83% vs 72%) and a significantly higher rate of MMR after 
1 year (46% vs 23%) and 3 years (68% vs 55%).19 In both of these trials, the second 
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generation TKI also resulted in a higher proportion of patient with “deeper” molecular 
responses (>4.5 log reduction in BCR-ABL transcripts) compare to imatinib, a degree of 
response that has been associated with improved survival. Because the follow-up was short 
for both of these studies, however, overall survival was similar.  

Current treatment recommendations of the European Leukemia Network are that imatinib, 
nilotinib or dasatinib are all appropriate for initial therapy for CP CML. In Canada, imatinib 
is approved for initial therapy in all provinces, however, there is brand and generic 
imatinib and approval for these vary from province to province. Funding for dasatinib and 
nilotinib also varies from province to province. This results in a heterogeneous approach to 
primary therapy across the country. Bosutinib, a newer second-generation TKI, is an option 
for patients with CP/AP-CML who are intolerant to other drugs, have failed dasatinib 
and/or nilotinib and have no obvious mutation present to make other drugs viable. Current 
treatment options for Ph+ ALL, similar to CML, include the TKIs imatinib and dasatinib. In 
Canada, none of the TKIs are approved for use in Ph+ ALL following failure on dasatinib or 
in patients with the T315I mutation. Most patients with ALL who cannot be rescued with 
currently available TKI therapies would be treated with allotransplant or supportive care.  

Currently available options in Canada for patients with CML/ALL 

• CP-CML without T315I mutation: dasatinib; nilotinib; SCT; hydroxyurea*; interferon 

• CP-CML with T315I mutation: SCT 

• AP-CML (without or with T315I mutation): SCT; hydroxyurea* 

• BP-CML (without or with T315I mutation): hydroxyurea* 

• Ph+ALL without T315I mutation: SCT; vincristine/prednisone* 

• Ph+ ALL with T315I mutation: SCT  
SCT=stem cell transplant is an option if in remission; *Best supportive care 

Ponatinib is a novel tyrosine kinase inhibitor with activity against wild-type and mutant 
BCR-Abl, as well as a large number of other targets such as c-kit, FMS-like tyrosine kinase-
3 (FLT-3) and FGFR1-derived fusion tyrosine kinases. Ponatinib was rationally designed to 
fit into the ATP binding domain of mutant forms of BCR-Abl, and is known to bind firmly 
even in the presence of mutations such as T315I that are associated with resistance to first 
and second-generation TKIs. Serious toxicity of ponatinib includes elevation of pancreatic 
enzymes, pancreatitis, dermatitis and fatigue; arterial events including cardiovascular, 
cerebrovascular and peripheral vascular have been reported. Hematological toxicity 
includes grade 3 and grade 4 cytopenias. 

Regular monitoring, using the above criteria to inform testing for resistance mutations or 
the presence of acquired cytogenetic abnormalities (e.g. loss of chromosome 7, 7q- and 
others), is recommended and treatment with a second generation TKI initiated in the 
event of treatment failure. In addition to the presence of a mutation that may predict for 
reduced efficacy of a second-line agent, patient may have co-morbidities that may predict 
for drug-related adverse events, and make the use of dasatinib or nilotinib inappropriate. 
These underlying conditions include a history of pericardial or pleural effusion, or 
underlying cardiac disease or arterial hypertension when considering dasatinib; or pre-
existing peripheral arterial occlusive disease or risk factors (smoking, diabetes, 
hypertension) in the case of nilotinib. In the current environment, when faced with failure 
or intolerance of one TKI, these conditions may only be relative contraindications; clearly 
however agents that are active without the risk of exacerbating significant co-morbidities 
are very much needed in the treatment of CML and ALL.  
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3.3 Evidence-Based Considerations for a Funding Population 

Ponatinib is indicated for the treatment of adult patients with chronic phase, accelerated 
phased, or blast phase chronic myeloid leukemia (CML) or Philadelphia chromosome 
positive acute lymphoblastic leukemia (Ph+ ALL) for whom other tyrosine kinase inhibitor 
therapy is not appropriate, including CML or Ph+ ALL that is T315I mutation positive or 
where there is prior TKI resistance or intolerance. T315I mutation testing is typically 
completed when patients are not responding to initial treatment of CML or ALL. These 
patients are heavily pre-treated and ponatinib can provide benefit to patients who are 
resistant or were not tolerant to previous TKIs.  

3.4 Other Patient Populations in Whom the Drug May Be Used 

None identified. 
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4 SUMMARY OF PATIENT ADVOCACY GROUP INPUT   
One patient advocacy group, The Chronic Myelogenous Leukemia Society of Canada (CMLSC), 
provided input on ponatinib (Iclusig) for the treatment of adult patients with chronic phase, 
accelerated phase, or blast phase chronic myeloid leukemia (CML) or Philadelphia chromosome 
positive acute lymphoblastic leukemia (Ph+ ALL) for whom other tyrosine kinase inhibitor (TKI) 
therapy is not appropriate, including CML or Ph+ ALL that is T315I mutation positive or where 
there is prior TKI resistance or intolerance, and their input is summarized below.   
 
CMLSC periodically surveys CML patients on a regular basis regarding issues about treatment 
access, quality of life, level of understanding/comprehension of CML in general.  CMLSC also hosts 
three on-line chat forums.  These other sources of information provide timely information on the 
concerns of the CML patient community in general.  As it relates to ponatinib, CMLSC used several 
channels to reach out to patients, which included paid advertising through Facebook online 
community and emailing CML patients registered on CMLSC’s website.  CMLSC also reached out to 
CML clinician experts in Canada by providing them with an information sheet that they may hand 
out to their CML patients who were either currently taking ponatinib or have had an experience 
with ponatinib.  In addition, CMLSC canvassed input from international patients, including from 
the U.S and the U.K. who had experience with ponatinib.   
 
For the purposes of the ponatinib patient submission, CMLSC obtained general information from 
the online survey for CML patients. CMLSC also conducted one-on-one interviews with 10 
respondents who specifically had experienced with ponatinib.   
 
From a patient perspective, symptoms of CML, which includes constant fatigue, weight loss, low 
blood counts, loss of energy, shortness of breath along with joint and muscle pain have a 
significant impact on the overall quality of life.  While there are several treatments classified as 
tyrosine kinase inhibitors (TKIs) that are available to CML patients, these treatments have a 
myriad of side effects and managing them can be a challenge for many patients.  CMLSC reported 
that patients’ expectations for ponatinib is that it will result in fewer hospital visits, and although 
managing side effects is an ongoing challenge, patients can, to some degree, manage a fairly 
normal lifestyle as it would offer them a chance to control BCR-ABL, the causative factor in CML, 
and would therefore would extend their lives significantly.  Respondents who have experience 
with ponatinib reported that they responded well to the drug and that their hematological and 
molecular response while on ponatinib improved significantly.  However, respondents also noted 
side effects, such as, dry eyes, constipation, fatigue and muscle pain were difficult to manage, 
and that they needed better help with managing these side effects.  Recognizing the side-effects, 
CMLSC submits that ponatinib could play an important role and benefit for a minority of CML 
patients in which current therapy is not effective (i.e., due to a mutation such as T315I) or who do 
not respond to current therapy. In addition, ponatinib may also be important with helping patients 
regain lost response and buy time for a suitable bone marrow donor to be located.  
 
Please see below for a summary of specific input received from the patient advocacy group.   
 

4.1 Condition and Current Therapy Information 

4.1.1 Experiences Patients have with Chronic Myeloid Leukemia 

According to CMLSC, the aspect that patients with chronic myeloid leukemia (CML) stated that is 
important to control is the appropriate targeting of the BCR-ABL, a constitutively active tyrosine 
kinase, which is the causative factor in CML.   
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CMLSC believes that as long as the BCR-ABL oncogene is well targeted, and results in significantly 
decrease, control or eradication of the mutation, then patients can expect to live a normal life 
span.   
 
CMLSC reported that the symptoms of CML, which includes constant fatigue, weight loss, low 
blood counts, loss of energy, shortness of breath along with joint and muscle pain have a 
significant impact on the overall quality of life.  The impact of these symptoms on a day-to-day 
life means that CML patients have to create a new normal which can be incredibly difficult.   As 
an example, CML patients report on the limitations and challenges on the need to refocus their 
key objectives for their day-to-day living, such as, how to manage routine household chores, and 
re-evaluating work life balance.       

 

4.1.2 Patients’ Experiences with Current Therapy for Chronic Myeloid Leukemia 

CMLSC reported that there are several treatments classified as tyrosine kinase inhibitors (TKIs) 
that are available to CML patients, including imatinib, dasatinib, nilotinib and bosutinib.  These 
drugs are taken orally, outside of the hospital setting.  For most patients one or another of these 
currently available drugs work rather well at controlling BCR-ABL, which is the causative oncogene 
in CML.    
 
CMLSC indicated that TKIs have a myriad of side effects and managing them can be a challenge for 
many patients.  The side effects of TKI include: diarrhea, constipation, joint and muscle pain, 
severe fatigue, low esteem, anxiety attacks, edema, water retention and high blood pressure. For 
some patients cardiovascular problems such as peripheral arterial occlusive disease are caused.  
For other patients there could be problems such as pleural effusions.  Because these patients are 
being treated with oral cancer therapy, the role of managing these side effects falls to the 
haematologist oncologist, where in other cancer types patients being treated with drugs provided 
as part of the health care system these side effects would be managed by oncology nurses. 
 
Because the idea of drug cessation is still relatively new, once patients understand that this can 
be a viable goal of treatment for CML, CMLSC reported that patients are willing to consider the 
side effects listed above as acceptable. As it relates specifically to ponatinib, CMLSC indicated 
that patients taking this drug generally have failed all other available therapies, and as such, 
these patients would be willing to withstand some degree of side effects to ensure the best 
response, and as long as they know they are being well managed by their healthcare team. 
 
CMLSC noted the hardships with accessing treatment. While many patients are accessing the 
treatments through patient access programs provided by the pharmaceutical company; these 
patients are followed by nurses who are working for the pharmaceutical companies. Although drug 
treatments are mostly reimbursed on a provincial level they still must be purchased them through 
local specialty pharmacies, with the exception of B.C. and Alberta who provide the drugs directly 
to the patients from the hospital pharmacy.  Because drugs are currently not considered to be 
part of the health care system, some patients do not have adequate insurance to cover the high 
cost of the drug.  Moreover, CMLSC suggested that younger patients have faced prejudice in the 
workplace as employers see their cost of providing insurance and drug coverage to their 
employees increasing significantly to cover the cost of the drugs.      
 
CMLSC believes that optimal response to therapy is very critical for patients if treatment cessation 
is to be considered.  CMLSC indicated that as long as patients can achieve a good response to 
therapy, such as, major molecular response (MMR) or molecular response (MR) of 4.5 or better, 
after several years of therapy, patients may be considered for a trial of drug cessation.  For a 
minority of CML patients controlling and/or eradicating BCR-ABL is a challenge either because of a 
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mutation that is not addressed by current therapies or for other unknown factors.  CMLSC stated 
that if the BCR-ABL oncogene is not controlled then the prognosis for the patient is very poor. 
CMLSC submits that ponatinib could play an important role for the subset of patients who are 
deemed poor responders to current therapy by offering them a chance to control BCR-ABL and 
would extend their lives significantly, with a more or less good quality of life when all things are 
considered.  In addition, for some patients, the use of ponatinib will buy time for their healthcare 
team to locate a good bone marrow donor, as it may be inevitable that some patients on ponatinib 
may eventually need a bone marrow transplant. 

 

4.1.3 Impact of Chronic Myeloid Leukemia and Current Therapy on Caregivers 

CMLSC did not specifically interview caregivers for this submission. 
 

4.2 Information about the Drug Being Reviewed 

4.2.1 Patient Expectations for and Experiences To Date with Ponatinib 

CMLSC reported that patients’ expectations for ponatinib is that it will result in fewer hospital 
visits, and although managing side effects is an ongoing challenge, patients can, to some degree, 
manage a fairly normal lifestyle. 
 
In addition to the above, for a minority of CML patients in which current therapy is not effective 
(i.e., due to a mutation such as T315I) or who do not respond to current therapy, it is expected 
that these patient subsets may benefit from using ponatinib.   
 
Ponatinib may also be important with helping patients regain lost response and buy time for a 
suitable bone marrow donor to be located.  CMLSC received a response from a patient noting that 
ponatinib was used prior to bone marrow transplant and played a significant role in improving the 
patient’s chance of a successful bone marrow transplant.  This respondent is a patient who is 
post-transplant and disease free. 
 
CMLSC noted that CML patients recognized that there are potential risks associated with 
ponatinib. Generally, patients taking ponatinib are advised about the risks of cardiovascular 
effects and are followed specifically by a cardio oncology program.  Most CML patients, however, 
will be followed through a cardio oncology program as this is a concern for all TKIs and not just 
ponatinib. 
 
CMLSC conducted one-on-one interviews with 10 respondents who specifically had experiences 
with ponatinib. 
 
It was reported that respondents responded well to ponatinib and that their hematological and 
molecular response while on ponatinib improved significantly.  Respondents reported side effects, 
such as, dry eyes, constipation, fatigue and muscle pain were difficult to manage and patients 
need better help with managing these side effects.  It was reported that these patients will likely 
stay on ponatinib for a very long time. 
 
CMLSC noted that these side effects could seem trivial in the scheme of things. Because these side 
effects are constant and ongoing without relief and are not at all of a transient nature, CMLSC 
indicated that over time these side effects could become debilitating.   
 



 

pCODR Final Clinical Guidance Report – Ponatinib (Iclusig) for Chronic Myeloid Leukemia/ Acute Lymphoblastic Leukemia 
pERC Meeting: July 16, 2015; pERC Reconsideration Meeting: September 18, 2015 
© 2012 pCODR | PAN-CANADIAN ONCOLOGY DRUG REVIEW   21 

CMLSC submits that ponatinib will dramatically change the prognosis for patients who respond to 
it.  Patients who are not responding to current treatment or who have been diagnosed with a 
T315I mutation should have the benefit of the option of trying this drug in order to help increase 
their prognosis for survival. 

 

4.3 Additional Information 

Not applicable.  
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5 SUMMARY OF PROVINCIAL ADVISORY GROUP (PAG) 
INPUT  
The Provincial Advisory Group includes representatives from provincial cancer agencies and 
provincial and territorial Ministries of Health participating in pCODR. The complete list of PAG 
members is available on the pCODR website (www.cadth.ca/pcodr). PAG identifies factors that 
could affect the feasibility of implementing a funding recommendation. 

Overall Summary 

Input was obtained from all of the nine provinces (Ministries of Health and/or cancer agencies) 
participating in pCODR. PAG identified the following as factors that could impact the 
implementation of ponatinib: 

 Clinical factors:  
• New drug with severe toxicities to monitor 
• Long-term data on benefits versus risks of treatment 

  
        Economic factors: 

• Cost of drug 
   
Please see below for more details and other factors. 

5.1 Factors Related to Comparators 

CML 

The current treatment of CML is nilotinib, dasatinib, or imatinib.  PAG noted the ponatinib 
is a treatment option for CML patients who have the T3151 mutation. However, PAG is 
requesting clarity on the comparative efficacy and safety of all the tyrosine kinase 
inhibitors available for treatment CML, specifically for patients with T3151 mutation.  PAG 
noted the ponatinib data is only short-term from a single-arm, phase 2 trial available at 
this time and expressed concerns for long-term safety. 

ALL 

The current treatment for ALL is imatinib in the first-line setting and dasatinib in the 
second-line setting.   

 

5.2 Factors Related to Patient Population 

PAG noted that the number of patients with CML or ALL is very small and ponatinib is 
another treatment option available.  Ponatinib would fill an unmet need for patients who 
are resistant to other treatments. These are enablers.  

There is the potential for indication creep where ponatinib would be used in other lines 
therapy, which would be a barrier.  However, given the black box warnings for severe 
adverse events, ponatinib may be the last treatment of choice.  
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5.3 Factors Related to Dosing 

PAG indicated that the once daily dosing is an enabler as it is a very convenient dosing 
schedule for patients.  PAG noted that there are two tablet strengths available for dosage 
adjustments.  

   

5.4 Factors Related to Implementation Costs 

PAG noted that healthcare providers are familiar with tyrosine kinase inhibitors, although 
ponatinib has different and severe side effects that will require more rigorous monitoring.  
It is unclear at this time whether Health Canada will mandate a monitoring program for 
ponatinib as the Food and Drug Administration has done.  

 

5.5 Factors Related to Health System 

PAG noted that ponatinib is an oral drug that can be delivered to patients more easily than 
intravenous therapy in both rural and urban settings, where patients can take oral drugs at 
home.  PAG identified the oral route of administration is an enabler to implementation.   
However, in some jurisdictions, oral medications are not funded in the same mechanism as 
intravenous cancer medications. This may limit accessibility of treatment for patients in 
these jurisdictions as they would first require an application to their pharmacare program 
and these programs can be associated with co-payments and deductibles, which may cause 
financial burden on patients and their families.  The other coverage options in those 
jurisdictions which fund oral and intravenous cancer medications differently are: private 
insurance coverage or full out-of-pocket expenses. 

 

5.6 Factors Related to Manufacturer 

PAG noted the high cost of ponatinib and the same price applied to both tablet strengths 
would also be a barrier. 
In the U.S., ponatinib is distributed in bulk bottles.  PAG has concerns if ponatinib is not in 
unit dosing packaging in Canada, pharmacy personnel would need to take extra pre-
cautions on handling of cytotoxics and/or pharmacies may not want to dispense a portion 
of a bulk bottle.  In addition, PAG has concerns if ponatinib is dispensed at a local 
pharmacy, the appropriate patient counselling and monitoring may not be readily 
available. 

 
Given that the Food and Drugs Administration had temporarily suspended distribution of 
ponatinib due to significant adverse events and then re-authorized distribution with black 
box warnings and a Risk Evaluation and Mitigation Strategy program, PAG has expressed 
concerns with the long-term safety and what Health Canada’s approved indication and 
restrictions may be. 





 

pCODR Final Clinical Guidance Report – Ponatinib (Iclusig) for Chronic Myeloid Leukemia/ Acute Lymphoblastic Leukemia 
pERC Meeting: July 16, 2015; pERC Reconsideration Meeting: September 18, 2015 
© 2012 pCODR | PAN-CANADIAN ONCOLOGY DRUG REVIEW   25 

Ovid; The Cochrane Central Register of Controlled Trials (2010, Issue 2) via Wiley; and 
PubMed. The search strategy was comprised of both controlled vocabulary, such as the 
National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. The 
main search concepts were [ponatinib - iclusig] and [chronic myeloid leukemia (CML) 
or Philadelphia chromosome positive acute lymphoblastic leukemia].   

Methodological filters were applied to limit retrieval to randomized controlled trials 
and controlled clinical trials. Where possible, retrieval was limited to the human 
population. Retrieval was not limited by year.  Retrieval was limited to the English 
language. 

The search is considered up to date as of July 2, 2015.   

Grey literature (literature that is not commercially published) was identified by 
searching the websites of regulatory agencies (Food and Drug Administration and 
European Medicines Agency), clinical trial registries (U.S. National Institutes of Health 
– clinicatrials.gov and Ontario Institute for Cancer Research – Ontario Cancer Trials) 
and relevant conference abstracts.  Searches of conference abstracts of the American 
Society of Clinical Oncology (ASCO) and [Include other conferences as per the 
guidance provided in S2 on tumour type, e.g. ESMO, ASH, SABCS] were limited to the 
last five years.  Searches were supplemented by reviewing the bibliographies of key 
papers and through contacts with the Clinical Guidance Panel. In addition, the 
manufacturer of the drug was contacted for information as required by the pCODR 
Review Team. 

 

6.2.3 Study Selection 

One member of the pCODR Methods Team selected studies for inclusion in the review 
according to the predetermined protocol. All articles considered potentially relevant 
were acquired from library sources. Two members of the pCODR Methods Team 
independently made the final selection of studies to be included in the review and 
differences were resolved through discussion. 

Included and excluded studies (with reasons for exclusion) are identified in section 
6.3.1. 

 

6.2.4 Quality Assessment  

Assessment of study bias was performed by one member of the pCODR Methods Team 
with input provided by the Clinical Guidance Panel and other members of the pCODR 
Review Team.  SIGN-50 Checklists were applied as a minimum standard. Additional 
limitations and sources of bias were identified by the pCODR Review Team. 

6.2.5 Data Analysis 

No additional data analyses were conducted as part of the pCODR review. 
 

6.2.6 Writing of the Review Report 

This report was written by the Methods Team, the Clinical Guidance Panel and the 
pCODR Secretariat:   

• The Methods Team wrote a systematic review of the evidence and 
summaries of evidence for supplemental questions. 
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• The pCODR Clinical Guidance Panel wrote a summary of background clinical 
information and the interpretation of the systematic review. The Panel 
provided guidance and developed conclusions on the net overall clinical 
benefit of the drug.  

• The pCODR Secretariat wrote summaries of the input provided by patient 
advocacy groups and by the Provincial Advisory Group (PAG). 
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6.3 Results 

6.3.1 Literature Search Results 

Of the 56 potentially relevant reports identified, 2 studies were included in the pCODR systematic 
review and 51 studies were excluded.  Studies were excluded because they were cellular research,20-

29 review,30-41 Dose Escalation,42-51 newly diagnosed,52-61 case study,62-64 found in abstract form, but 
superseded by full publication,65-67 healthy volunteers,68,69 meta-analysis,70 wrong disease,71 indirect 
comparison between TKIs,72  and animal73. 
 

Figure 2: QUOROM Flow Diagram for Inclusion and Exclusion of studies 
 

 
 
Note: Additional data related to the PACE study was also obtained through requests to the 
Submitter by pCODR   
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6.3.2 Summary of Included Studies 

Provide a brief statement summarizing the number and type of included studies. 

6.3.2.1 Detailed Trial Characteristics 

Table 5: Summary of Trial characteristics of the included Study2,74 

Trial Design Key Inclusion Criteria Intervention 
and Comparator 

Outcomes 

NCT01207440  
PACE 
 
Phase 2, single arm, 
open label study 
 
N=449 
 
Chronic phase CML 
N=270 
 
Accelerated Phase 
CML N=85 
 
Blast Phase CML 
N=62 
 
PH + ALL N=32 
 
66 centres in 14 
countries including: 
Australia, Belgium, 
Canada, France, 
Germany, Italy, 
Korea, Netherlands, 
Singapore, Spain, 
Sweden, United 
Kingdom and the 
United States of 
America 
 
Study Start date: 
Sept 2010 
 

September 
2010 

Estimated Study 
Completion Date: 
October 2020 

October 2020 

 
Funded by: 
ARIAD 
Pharmaceuticals, 
Inc. 

Inclusion Criteria: 
• Previously treated with and developed 
resistance or intolerance to dasatinib or 
nilotinib, or developed the T3151 
mutation after any TKI therapy including 
imatinib 

• ≥18 years old 
• ECOG performance status ≤2 
• Normal pancreatic function 
• QTcF interval ≤450 ms for males and 
≤470 ms for females 

• Adequate renal and hepatic function 
• Minimum life expectancy of ≥3 months 
• Provide written informed consent 
• Negative pregnancy test and agree to 
use effective form of contraception  

  
Exclusion Criteria: 
• Received prior TKI within 7 days to first 
dose of ponatinib 

• Received other listed therapies in time 
frame prior to starting study drug 

• Not recovered from adverse events from 
prior treatments. 

• Taking medications associated with 
torsades de pointes 

• Previously treated with ponatinib 
• Underwent stem cell transplant <60 days 
prior to receiving first dose of ponatinib 

• On-going graft versus-host disease  
• Require concurrent treatment with 
immunosuppressive agents 

• Active Central Nervous System disease 
• Significant or active cardiovascular 
disease 

• Significant bleeding disorder  
• History of pancreatitis or alcohol abuse 
• Have uncontrolled hypertriglyceridemia 
(triglycerides >450 mg/dL) 

• Major surgery 14 days prior to first dose  
• Have ongoing or active infection 
• Have malabsorption syndrome or other 
gastrointestinal illness that could affect 
absorption of ponatinib 

Ponatinib 45 mg 
tablet taken 
orally once daily 
 

Primary Outcomes:  
• Major cytogenetic 
response (MCyR) for 
chronic phase CML 
patients 

• Major Hematologic 
Response (MaHR) for 
accelerated and blast 
phase CML patients 
and Ph+ ALL patients 

 
Secondary Outcomes:  
For chronic phase 
patients: 
• Hematologic 
responses: CHR 

• Cytogenetic 
responses: confirmed 
MCyR 

• Molecular responses: 
major molecular 
response MMR 
For accelerated and 
blast phase CML and 
Ph+ ALL patients: 
• Cytogenetic 
responses: CCyR, 
PCyR, confirmed 
MCyR; and 

• Molecular responses: 
MMR. 

For all patients:  
• Time to response, 
duration of response, 
progression free 
survival, and overall 
survival, safety and 
tolerability. 



 

pCODR Final Clinical Guidance Report – Ponatinib (Iclusig) for Chronic Myeloid Leukemia/ Acute Lymphoblastic Leukemia 
pERC Meeting: July 16, 2015; pERC Reconsideration Meeting: September 18, 2015 
© 2012 pCODR | PAN-CANADIAN ONCOLOGY DRUG REVIEW   29 

Trial Design Key Inclusion Criteria Intervention 
and Comparator 

Outcomes 

• Diagnosed with another primary 
malignancy in the past 3 years 

• Pregnant or lactating 
• Suffer from any other condition or illness 
that would compromise safety 
 

[Abbreviations] ALL = acute lymphoblastic leukemia; CML = chronic myeloid leukemia; CCyR = Complete cytogenetic 
response; ECOG = Eastern Cooperative Oncology Group; MaHR = Major hematologic response; MCyR = Major cytogenetic 
response; ms = milliseconds; PCyR = Partial cytogenetic response; Ph+ = Philadelphia chromosome positive; QTcF = 
Fredericia’s formula; TKI = tyrosine kinase inhibitor 

 

a) Trials 

One open label, phase 2, single arm, ongoing study was found for this review. 
Characteristics of the study’s design can be found in Table 5. The study included CML or 
PH+ ALL patients who were resistant or intolerant to imatinib, dasatinib or nilotinib 
including patients who developed the T3151 mutation after TKI therapy.2 

 
The primary outcome in the study for chronic phase (CP) patients was a major cytogenic 
response (MCyR) at any time within the first 12 months. A MCyR is defined as a complete 
cytogenetic response (CCyR) or partial cytogenetic response (PCyR).10 CP patients who start 
the study already in PCyR must achieve CCyR in order to be considered as achieving a 
MCyR.10 If patients do not respond by 12 months they will be categorized as non-responders.  

 
The primary outcome for patients in the accelerated phase (AP) of CML at the start of the 
study is major hematologic response (MaHR). This is defined as a complete hematologic 
response (CHR) or no evidence of leukemia (NEL). The MaHR will be confirmed by a 
peripheral blood complete blood count (CBC) and differential no earlier than 28 days. If 
patients do not respond by 6 months then they will be categorized as non-responders.10  

 
The primary outcome for patients in blast phase (BP) of CML or a Philadelphia chromosome 
positive (Ph+) at the time of study entry is a MaHR consisting of CHR or NEL. A peripheral 
CBC and differential will confirm this no earlier than 28 days.10  

 
The secondary end point for CP CML patients is a CHR confirmed in a time period greater 
than 28 days after starting treatment.2 Secondary outcomes for patients in accelerated and 
blast phase CML and Ph+ ALL are a CCyR, PCyR, or MCyR. Secondary outcomes for all groups 
of patients are: major molecular response, time to response, duration of response, 
progression free survival, overall survival and safety.2  
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Table 6: Inclusion Criteria 
To be labeled as 
dasatinib or nilotinib 
resistant, CP patients 
must have met one of 
the following criteria: 
10  

 

• No cytogenetic response (>95% Ph+) or failure to achieve CHR three months  
after initiation of therapy,  

• Less than a minor cytogenetic response (>65% Ph+) six months after the  
initiation of therapy, less than a PCyR (>35% Ph+) 12 months after initiation of 
therapy,  

• The development of new BCR-ABL kinase domain mutations in the absence of  
CCyR at any time after the initiation of therapy,  

• The development of new clonal evolution in the absence of CCyR at any time afte  
the initiation of therapy,  

• The loss of any cytogenetic response [from complete (0%), partial (1% to 35%),  
minor (36% to 65%), minimal (66% to 95%) to a response at least 1 grade worse] 
confirmed in at least 2 consecutive analyses separated by at least 4 weeks at  
any time after the initiation of therapy, 

• Progression of disease (to AP or BP) at any time after the initiation of therapy.  

To be labeled as  
dasatinib or nilotinib 
resistant, AP patients  
must have met one of  
the following criteria: 10 

• Failure to achieve a MaHR three months after the initiation of therapy,  
• The loss of a MaHR confirmed in at least 2 consecutive analyses separated by at 

least 4 weeks at any time after the initiation of therapy,  
• The development of new BCR-ABL kinase domain mutations in the absence of a 

MaHR at any time after the initiation of therapy.  
To be labeled as dasatinib 
or nilotinib resistant, BP 
patients must have met 
one of the following 
criteria: 10 

• Failure to achieve a MaHR one months after the initiation of therapy,  
• The loss of a MaHR confirmed in at least 2 consecutive analyses separated by at 

least 1 week at any time after the initiation of therapy,  
• The development of new BCR-ABL kinase domain mutations in the absence of a 

MaHR at any time after the initiation of therapy. 

Philadelphia chromosome 
positive patients were 
labeled as resistant to  
dasatinib or nilotinib  
if: 12 

• They failed to achieve either a MaHR by 1 month,  
• Had the loss of MaHR at any time,  
• Developed a kinase domain mutation in the absence of a MaHR  

Non-hematologic 
intolerance to  
dasatinib or nilotinib  
for all cohorts of patients 
is defined as: 10 

• Patients with grade 3 or 4 toxicity while on therapy, or with persistent grade 2 
toxicity, unresponsive to optimal management including dose adjustments  
(unless dose reduction is not considered in the best interest of the patient if 
response is already suboptimal) in the absence of a CCyR for CP–CML patients or 
MaHR for AP-CML, BP-CML or Ph+ ALL patients.  

Hematologic  
intolerance was define  
as: 10 

• Patients with grade 3 or 4 toxicity (absolute neutrophil count [ANC] or platelets) 
while on therapy that is recurrent after dose reduction to the lowest doses 
recommended by manufacturer (80 mg QD for dasatinib; 400 mg QD for nilotinib) 
in the absence of a CCyR for CP-CML patients or MaHR for AP-CML, BP-CML or  
Ph+ ALL patients.  

CML and ALL patients 
were eligible for the 
study if they had the 
T315I mutation, 
specifically: 10 

• Patients with T315I mutation after any TKI need not have been treated with 
dasatinib or nilotinib;  

• Patients with T315I in CP must have less than a CCyR (>0% Ph+);  
• Patients with T315I in AP, BP, or Ph+ ALL must have less than a MaHR;  
• Patients with any history of T315I mutation will be eligible for study 

participation. However, only those patients who carry a T315I mutation that is 
detected by direct sequencing in a pre-treatment blood sample using the 
study’s central laboratory will be analyzed in the T315I subset.  
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At the time of the November 9, 2012 analysis which was used for the main PACE 
publication, the median follow-up was 15 months (range, <1 to 25), and 222 patients (49%) 
were still receiving treatment. The minimum follow-up was 12 months. The most common 
causes for study discontinuation were: progressive disease (7% of patients with chronic-
phase CML and 37% of patients with accelerated and blast phase); adverse events (13% of 
patients with chronic-phase CML and 12% of patients with accelerated and blast phase).2 

 
At the January 6, 2014 analysis, the median follow-up was 27.9 months (range 0.1-39.5 
months) and 38% of patients (50% were CP-CML) were still ongoing in the study.9 The most 
common reasons for study discontinuation were progressive disease (21%) and adverse 
events (15%).9 

 
e) Limitations/Sources of Bias 

This study was a single arm open label phase 2 study and therefore there was no 
comparator. Since there is no comparative evidence for ponatinib, the efficacy of 
ponatinib versus current treatments is uncertain. In addition, there were no independent 
assessments in this study, which would have helped to minimize bias in the reporting of 
results. ARIAD Pharmaceuticals, Inc. was the sponsor of the study and the main PACE 
publication had help from a medical writer funded by ARIAD Pharmaceuticals, Inc.2  

6.3.2.2 Detailed Outcome Data and Summary of Outcomes 

Efficacy Outcomes 

Efficacy outcomes for Chronic Phase CML 

The primary outcome for the PACE study was major cytogenetic response (MCyR) by 12 
months in chronic phase CML (CP-CML) patients. The MCyR was 56% (95% confidence interval 
[CI], 50 to 62). This includes a response of 51% in patients with resistance to or 
unacceptable side effects of dasatinib or nilotinib and 70% in patients with the T315I 
mutation.2 In patients who had a response to treatment, the median time to a MCyR was 2.8 
months (range, 1.6 to 11.3), and the duration ranged from 1 day to over 19.4 months since 
the median was not reached. The estimated rate of a sustained response in patients who 
had a MCyR of at least 12 months was 91% (95% CI, 85 to 95).2Data as of January 6, 2014 
shows that a MCyR was seen in 59% of CP-CML patients. This includes a response of 55% in 
patients with resistance to or unacceptable side effects of dasatinib or nilotinib and 72% for 
patients with the T315I mutation.9 

 
A complete cytogenetic response (CCyR) was seen in 46% of patients with CP-CML. This 
included 40% of patients with resistance to or unacceptable side effects of dasatinib or 
nilotinib and 66% of patients with the T315I mutation.2 
 
Data as of January 6, 2014 shows a CCyR was seen in 53% of patients with CP-CML. This 
included 48% of patients with resistance to or unacceptable side effects of dasatinib or 
nilotinib and 70% of patients with the T315I mutation.9 

 
A major molecular response (MMR) was seen in 34% of patients. This included 27% of 
patients with resistance to or unacceptable side effects of dasatinib or nilotinib and in 56% 
of patients with the T315I mutation.2 Moreover, a deeper molecular response “(a transcript 
ratio of BCR-ABL to ABL of 0.0032% or less [with the ratio expressed as a percentage on the 
International Scale], referred to as a molecular response 4.5)”2 was seen in 15% of patients. 
This included 12% of patients with resistance to or unacceptable2 side effects of dasatinib or 
nilotinib and 23% of patients with the T315I mutation.2 Data as of January 6, 2014 shows 
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7.1.3 Summary  
The comparative efficacy of ponatinib and second-generation tyrosine kinase 
inhibitors (TKIs) for best response rates in patients with CML or ALL was indirectly 
assessed using descriptive forest plots and Bayesian analysis. The main limitation 
with the naïve ITC is that it compared response rates between several single-arm 
studies without adjustments. Any differences may be due to differences between 
studies with respect to known patient or disease characteristics (e.g. age, co-
morbidities, and co-interventions) or due to unknown factors that differ between 
study populations. It is unknown how much the difference between trials affects 
the estimated response rates. Therefore, any conclusions drawn from this naïve 
indirect comparison regarding the comparative clinical effectiveness between 
ponatinib and second-generation TKIs should be interpreted with caution. 
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8 ABOUT THIS DOCUMENT  
This Clinical Guidance Report was prepared by the pCODR Hematology Clinical Guidance Panel and 
supported by the pCODR Methods Team. This document is intended to advise the pCODR Expert 
Review Committee (pERC) regarding the clinical evidence available on ponatinib (Iclusig) for 
Chronic Myeloid Leukemia/ Acute Lymphoblastic Leukemia. Issues regarding resource implications 
are beyond the scope of this report and are addressed by the relevant pCODR Economic Guidance 
Report.  Details of the pCODR review process can be found on the pCODR website 
(www.cadth.ca/pcodr).    

pCODR considers it essential that pERC recommendations be based on information that can be 
publicly disclosed. Information included in the Clinical Guidance Report was handled in 
accordance with the pCODR Disclosure of Information Guidelines. There was no non-disclosable 
information in the Clinical Guidance Report provided to pERC for their deliberations. 

This Final Clinical Guidance Report is publicly posted at the same time that a pERC Final 
Recommendation is issued. The Final Clinical Guidance Report supersedes the Initial Clinical 
Guidance Report.  

The Hematology Clinical Guidance Panel is comprised of three clinical oncologists .The panel 
members were selected by the pCODR secretariat, as outlined in the pCODR 
Nomination/Application Information Package, which is available on the pCODR website 
(www.cadth.ca/pcodr).  Final selection of the Clinical Guidance Panels was made by the pERC 
Chair in consultation with the pCODR Executive Director. The Panel and the pCODR Methods Team 
are editorially independent of the provincial and territorial Ministries of Health and the provincial 
cancer agencies.   
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APPENDIX A: LITERATURE SEARCH STRATEGY  
1. Literature Search via OVID Platform. 

Ovid MEDLINE (R), Ovid MEDLINE (R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE (R) 
Daily Update, Ovid EMBASE and Cochrane Central Register of Controlled Trials (CENTRAL). 
 
1. *chronic myeloid leukemia/ 
2. (chronic adj3 (myeloid or myelogenous) adj3 leuk?emia).ti,ab. 
3. 1 or 2 
4. exp clinical trial/ or exp clinical trial, phase i/ or exp clinical trial, phase ii/ or exp clinical 
trial, phase iii/ or exp clinical trial, phase iv/ or exp controlled clinical trial/ or exp randomized 
controlled trial/ or exp multicentre studies/ 
5. ponatinib.ti. 
6. iclusig.mp. [mp=ti, ot, ab, tx, kw, ct, sh, hw, tn, dm, mf, dv, nm, kf, px, rx, an, ui] 
7. 5 or 6 
8. *acute lymphoblastic leukemia/ 
9. 3 or 8 
10. 4 and 9 
11. 7 and 10 
12. remove duplicates from 11 
13. limit 12 to english language 
14. limit 13 to humans 
 
2. Literature Search via PubMed 
1. ponatinib OR iclusig  
2. Chronic myeloid leukemia 
3. publisher [sb]  
4. 1 and 2 
5. 3 and 4 

 
3. Grey Literature Searches 
Clinical Trial Registries: 
 U.S. NIH ClinicalTrials.gov 
 www.clinicaltrials.gov 
 
 Ontario Institute for Cancer. Ontario Cancer trials 
 www.ontariocancertrials.ca 
 

  Search terms: ponatinib OR iclusig  
Select International Agencies: 
 Food and Drug Administration (FDA): 
 www.fda.gov 
 
 European Medicines Agency (EMA): 
 www.ema.europa.eu 
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  Search terms: ponatinib OR iclusig 
 
Conference Abstracts: 
 American Society of Clinical Oncology (ASCO) 
 via the Journal of Clinical Oncology search portal: http://jco.ascopubs.org/search 

  
 Search terms: ponatinib OR iclusig 

  
 American Socety of Hematology (ASH) 

Via Blood search portal: http://www.bloodjournal.org/ash-annual-meeting-abstracts?sso-
checked=1 

   
  Search terms: ponatinib OR iclusig 
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