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Overcoming Resistance in CML

Contemporary Disease Monitoring Practices

This exciting session covered all aspects of identification of the molecular pathologic features of CML and the biomarkers monitored that would indicate disease resistance, relapse or other events that would mean a switch in either treatment therapy or approaches to treatment all together.

The dynamic faculty was chaired by Dr. Jane Apperley, Chair Department of Haematology, Division of Investigative Science, Imperial College School of Medicine, Hammersmith Hospital, London, United Kingdom, Dr. Franck Nicolini, Hospital Practitioner, Department of Hematology, Edouard Herriot Hospital, Lyon, France, Dr. Luke Akard, Medical Co-Director, Bone Marrow Transplant Program, Indiana Bone and Marrow Transplantation, Indianapolis, Indiana, Dr. Andreas Hochhaus, Professor of Internal Medicine, Universitsmedizin Mannheim, Ruprecht-karls-Universitat Heidelberg, Mannheim, Germany, Dr. Alfonso Quintas-Cardama, Hematology/Oncology Fellow, Division of Cancer Medicine, The University of Texas M.D. Anderson Cancer Centre, Houston, Texas.  With Special Guest Speaker, Cheryl-Anne Simoneau, President, The CML Society of Canada.

Dr. Apperley’s opening remark provided the momentum for the session and showed us how clinical results for patients very often differ from the results obtained under the close scrutiny of clinical trials, by touching on the recent data from Hammersmith hospital. Dr. Apperley led the way with telling us that advances in understanding cancer biology, molecular genetics and technological advances provides physicians with the ability to personalize treatment based on the patients molecular profile, making it increasingly possible to give the appropriate drug, at the appropriate dose, to the appropriate patient at the appropriate time.

Dr. Nicolini gave us a good overview of the Tyrosine Kinase Inhibitors used in the treatment of Ph+ CML. He reminded us that the unique characteristics of the chromosomal rearrangement make CML the ideal model for targeted therapy. “Inibs” (Imatinib, Dasatinib, Nilotinib, Bosutinib) inhibit BCR ABL Oncoprotein. He presented the IRIS 6 year data, which was reported at last years ASH, and provided the update from the Hammersmith data from 5 years of clinical practice. The point was clearly made that very often results from clinical trials that are usually tightly controlled cannot be replicated in actual practice. In fact, Imatinib discontinuation due to resistance or intolerance rates for the IRIS trial was 19% at 6 years, however it was 25% in the Hammersmith data for 5 years. He reported that all 2nd generation TKI’s show very good results in helping patients overcome resistance with Imatinib, making the choice for which to use more likely based on precise mutations (if detected) or patient profile and other co-morbid (additional illnesses) features. He also spoke about the persistence of the CML stem cell which drives the minimal residual disease (MRD) and stated that CML stem cells are resistant to all “Inibs”. He pointed out that we need to eradicate the last of these cells for several reasons such as: Compliance is more difficult over the long term, side effects and drug-drug interactions (long term safety?) high cost of a lifetime of TKI treatment, potential of clonal evolution of the leukemic stem cell. CML incidence is stable; prevalence is increasing 10 fold (the good news is we are all living longer). He hinted that more works need to be done, but in some cases some patients have stopped taking Imatinib, and have not relapsed, however these patients were pretreated with interferon.

He presented on the use of TKI’s in more advanced stages of CML and made the point that in AP and BC phase there are some responses to treatment, but overall TKI’s work best in early stage CML.

I presented the results from our web based survey and qualitative research study regarding patients perspective on their role in the treatment of CML. Please see the video on this website on Monday, December 8th.

Dr. Luke Akard presented on tools and techniques on monitoring treatment responses for CML patients. He opened up with the IRIS slides, 60 months outcomes, and the IRIS 6 year Failure analysis. 32% patients discontinued treatment – 4% for adverse events, 12% unsatisfactory response, 6% withdrew consent, 3% elected to have Bone Marrow Transplants, 7% transformed to AP/BC, 18% lost hematologic or cytogenetic response.

He covered the Leukemia Net Guidelines for CML response: at 3 months no hematologic response was called “failure” and “sub optimal response” at 6 months no CHR or No CYR was failure and suboptimal was > 35% Ph+ at 12 months, >35% Ph+ was “failure” and <35% Ph+ was sub optimal, at 18 months >5% was “failure” and no MMR was “suboptimal” At anytime loss of CHR, Loss of CYR, was a failure and clonal evolution or loss of MMR was sub optimal. We certainly see that this represent a more aggressive type monitoring approach. Hopefully we will see that this improves outcomes for patients when they can be caught early and treatment changed to address the response rates. He indicated that the impact on failing to meet the milestones negatively affects progression free survival as stated by the IRIS trial. Dr. Akard reviewed techniques in how to monitor response rates, such as FISH,  Q PCR, Bone Marrow, CBC etc. He also spoke about the significant costs of these techniques, stating that the costs per patient on an annual basis is between $3k – 6K in expenses for the centre, this is quite significant when you think about the prevalence of this disease. Dr. Akard also talked about the cost of the drugs in US – Imatinib, 400 mg QD = $46,128 annually, Dasatinib 70 MG BID or 100 mg QD - $82,188 annually, Nilotinib 400 mg BID = $85,518 annually.

On the question of annual bone marrows? It is not decided, new cytogenetic abnormalities in the Ph- negative cells, most of these appear to be transient, low yield in patients in ongoing molecular remission, even for the long term IRIS follow up patients extreme resistance from investigators means that it is not required for this patient group. The trend is that once the disease responds to therapy, there is less of a need to do cytogenetics. The question of the relevancy of FISH is still split among the experts, peripheral blood FISH correlates well with Bone Marrow Cytogenetics, so FISH will help identify der 9 del, if negative FISH seems to be reliable measure of cytogenetic response, follow up peripheral blood FISH until the level falls to <5%, confirm response with marrow cytogenetics, need more sensitive test than FISH to follow up complete responders.  PCR: MMR at 18 months: <5% chance of progression at 6 years, level of molecular response associated with PFS, early BCR ABL transcript reduction may predict cytogenetic response, use instead of cytogenetics or FISH to monitor response to TKI? Change therapy if the transcript levels rise.

QPCR is influenced by multiple factors: collection and transportation are important, variable control genes used by different laboratories, cell number at the time of assay and quality of RNA extract are important, Undetectable levels vary by method used, Ideally convert local laboratory results to an international standard: not yet implemented by most US commercial labs, Methods using non patient standards may be possible in the near future.  Dr. Akard then presented some examples of sum sub standard reporting, and also showed a specimen of an excellent report, where the lab was able to show the patients results graphed over time and clearly indicated all the housekeeping genes used.

On the question of the significance of BCR ABL levels increasing, there were different results from different centre’s: consecutive rises, 2-fold rise, 5-fold rise, 10-fold rise. Changes may be more important at levels close to MMR 0.1%, NCCN guideline, 1 –log (10-fold) increase.

He covered mutational studies, stating that prognostics value in screening responsive patients is an area of ongoing research and debate: Hammersmith analysis of treated CP-CML patients showed a 5 year cumulative incidence of mutations of 6.6% (early) and 17% (late) CP, Mutations predictive for loss of CCyr and progression to advance phase.

LeukemiNet recommends mutational testing when: Imatinib failure, suboptimal response, rising BCR ABL transcripts. However, “practical Monitoring Proposal” – only with evidence of hematologic or cytogenetic relapse, any time change in therapy is considered.

He concluded with quantitative methods need to be standardized (IS), reporting needs to be standardized in order to aid interpretation, alternative to cytogenetics or FISH, clinical correlation needed for cases that “don’t fit”, implication of rising transcript levels? mutation analysis appropriate in some cases.

He followed up with commercial lab services available in the US:  Imatinib drug level (free) CML Alliance website – 1-866-990-0007. Quantitative BCR ABL PCR: Molecular MD (www.molecularmd.com) IS scale, Genzyme Genetics (www.genzymegenetics.com) Is, GenPath diagnostiscs www.genpathdiagnostics.com, Quest Diagnostics Nicholas Institute (www.questdiagnostics.com), LabCorp (www.labcorp.com) 

Mutation analysis: molecularMD, Genzyme Genetics, Quest Diagnostics Nicholas Institute, LabCorp.

 He reviewed the NCCN guidelines, which we are posting up on the website.

Dr. Hochhaus: Drug Resistance in CML: Impact on Patient Prognosis and Treatment Selection

He showed an eloquent graph of CML patient survival since 1983 – 2008, from a five year survival rate of 53% in 1986 – 1994, to a 5 year survival rate of 63% in 1995 – 2001, to a 5 year survival rate of 93% 2002 – 2008

Clearly the odds are now more stacked in our favor!

He reviewed levels of relapse, and again definitions of failure and sub optimal response from the LeukemiNet. He presented Baccarini proposed management of CML depending on Response.  Failure – continuing Imatinib at current dose is no longer appropriate, use other treatment options. Suboptimal response, Patient may still have substantial benefit from IM but long-term outcome is not likely favorable. Patient is eligible for other treatments. Warning – standard dose IM may not be best choice, patient should be monitored very carefully.  He reviewed the IM first line IRIS 6 year data, and mechanisms of resistance in vitro: BCR ABL KD mutations, BCR ABL over expression, Additional oncogenic pathways, Multidrug resistance gene over expression, he also showed a rather eloquent slide on pathways to resistance in vivo (in the body). He shoed a graph that indicates that higher trough levels at day 29 correlate with better CCyr. High OCT-1 Activity is Associated with Faster MMR in Imatinib Treated CML Patients. Molecular/ Cytogenetic Causes of Resistance in CP, AP, and BC phase and of the total 134 pts, 45% had BCR ABL mutations, 58% had clonal evolution, and 26% had combination. He spoke about E255L/V mutation, which generally responds well to Dasatinib, and in some cases Imatinib. On the subject of mutations in general there was an interesting slide showing deselection of mutated clones after TKI stopped. It suggests that in some cases, when a mutation is detected stopping TKI would bring the level of mutation down and in some cases they noted that when the clone disappeared, and TKI restarted, the mutations was selected again, suggesting a correlation. Not all mutations are related to resistance, and he showed a comparison of ABL TK inhibitors and a comparison of ABL TK inhibitors – mutations: IM offers protection against F317V, whereas Dasatinib offers protection against most mutations with the exception of: T315I, T315A, F317L, F317V, Bosutinib offers protection against all mutations, but the data was not complete on T315A, T315L, T315V. Nilotinib offers protection against most mutations, with the exception of T315I, but may offer some protection against T315A, F317L, and F317V. INNO – 406 offers protection against all with the exception of T315I

Dr. Hochhaus presented data on Dasatinib and its ability to inhibit growth on 14/15 mutations; he then re-capped the clinical trial experience with Dasatinib, showing the side effects for Dasatinib 70 mg BID in CP CML, non-hematologic side effects. The majority of the side effects were grade 1 and 2 and occurred in the first 12 months, grade ¾ side effects were much rarer and usually did not occur past the first 12 months. The risk for pleural effusion was noted and we were reminded of the decrease in pleural effusion with the lower single daily dose of 100 mg. Dr. Hochhaus also showed data supporting the use of the 100mg once daily dosing and how it does not decrease the efficacy of the drug. Importantly, Dr. Hochhaus showed that G1 arrest is induced by SRC/ABL inhibitor, Dasatinib, but not with BCR/ABL inhibitors such as Imatinib and Nilotinib (ref. Fabarius A et al, Blood 108). Nilotinib is a more selective inhibitor than either Dasatinib or Imatinib:  The slide showed that Imatinib inhibits PDGFR, Kit, BCR ABL, and then SRC. Nilotinib inhibits, BCR ABL, PDGFR, Kit, and then SRC. Dasatinib inhibits, SRC, BCR ABL, PDGFR, and then Kit. The response times to Nilotinib were quite favorable with 58% of the overall patients (number = 321) achieving a major cytogenetic response (MCyr). In comparing Imatinib to Nilotinib with best responses based on patients with different mutations, with the exception of mutation Y253H achieved a hematological response. Patients with Y253H, E255kv, F359kv did not achieve complete cytogenetic response. The appearance of KD mutations after TKI therapy showed that the highest incidence of a mutation, F317l/v occurred in patients on Dasatinib, but all TKI’s selected for this mutation as well, just at a lower level.

Dr. Hochhaus concluded that frequency of IM resistance depends on the stage of CML, major causes of resistance are BCR ABL mutations and clonal evolution, impact of early detection of mutated clones needs to be evaluated, and suggests that early elucidation of imminent resistance to Kinase inhibitors might contribute to individualized therapy according to molecular data.

Dr. Quintas-Cardama, Overcoming T315I and other TKI Resistant Mutations in CML  - The mechanisms of resistance to IM are of three types with their sub types: BCR ABL dependent (amplification/over expression, and mutations in the ABL Kinase domain) or BCR ABL independent (CYP3A4/ A5 SNP’s, increased alpha-1 acid glycoprotein-1, decreased hOCT1 expression, increased ABC81 (MDR-1) expression, Over expression of SRC related kinases, clonal evolution) or CML Stem Cell quiescence (disease persistence).  He explained a bit about T315I and said that it was initially identified in 6 out of 9 Imatinib resistant patients and present in 17% - 70% of clones.  Imatinib forms a critical hydrogen bond with Thr315 leading to T315I. He showed us again the mutations that are associated with Imatinib resistance: ATP binding (T315I and F317L), P-Loop (E258G, E255K, Y253H, G250E), A – Loop (H396P), Distant Point Mutations (M244V, M351T, F4865).  

Thr315 participates in the assembly of the hydrophobic spine of the activity of ABL1 Kinase, thus stabilizing the active conformation of ABL1 Kinase (basically this means that the shape of the area of the Kinase is altered to the point that Imatinib can no longer inhibit its activity). Dr. Quintas-Cardama gave us an overview of some of the work that has been done by some top researchers into the area of mutations in CML patients after Imatinib failure: Soverini – out of 40 patients 19 developed mutations, none with T315I, 9 with P- Loop mutations the outcome for the p-loop mutations was 9 months of Progression Free Survival (PFS). Branford – of 144 patients 27 developed mutations, 2 developed T315I and 13 developed P-Loop, P-Loop outcome was 4.5 months overall survival (OS). Nicolini, it wasn’t indicated how many patients, however, 89 developed mutations, 18 developed T315I and 26 developed p – loop mutations, however the overall survival with P-loop was 28.3 months. Jablour: of the 171 patients, 62 developed mutations, three developed T315I, and 24 developed P-Loop, however, survival not reached at 12 months with the P – loop mutations.

Importantly he showed us a slide showing mutations in Imatinib Naïve Patients (Patients who have not been treated yet with Imatinib). There were 66 patients (20 in chronic phase, 27 in advance phase, and 19 in myeloid blast phase) that were tested for mutations before receiving IM therapy.

Mutations noted were Q252H, Y253F, Y253H, E255K, E255V, T315I, M351T, and F359V. There were mutations in 14, 8 had T315I, two had Y253H, and there was one each of Q252H and F359V.

There were no mutations detected in the 20 patients in chronic phase. There were mutations detected in 10 of the 27 patients in AP, mutations detected in 5 of the 19 patients in blast phase.

He covered the efficacy of TKI’s on mutations as tested in vitro using Ba/F3 cells (which means BCR ABL1 cells that were transfected from peripheral blood into mouse lines for testing purposes. All TKI’s have their strengths and weaknesses on the various mutations, but as noted, none works against T315I.

Interestingly he showed a slide on mutations after sequential TKI therapy: In 217 patients 61 or 54% harbored 67 mutations prior to the start of a second TKI, T315I accounted for 15% of the mutations, 5 of 18 developed mutations after a median of 4 months on third TKI (2 at codon 317, V299L, T315I, T495R) response rates were similar for patients with and without mutations regardless of mutation site, except for T315I.

In looking at T315I after IM failure in 27 patients, 13 of the patients had prior treatment with IFN. Ten of the 21 patients in CP phase developed T315I, 9 in AP and 8 in BP, as expected responses to second TKI after T315I is not good. Only five of the patients achieved a hematological response.

T315I after other therapies showed that of all the treatments the seven patients treated with HHT would appear to be all-alive with two patients showing significantly decreased T315I. More data was updated later, which show quite impressive results for Omacetaxine (synthetic HHT).

Treatment options for CML T315I are many, actually, and are classified into two sections, multikinase inhibitors, and non-multikinase inhibitors. For example, XL 228 is a multikinase inhibitor and Omacetaxine is a non-multikinase inhibitor.

He reported on MK-0457, however, Merck has decided not to pursue this drug. Omacetaxine is now the most advanced in clinical trials. However, PHA 739358 is a pan aurora Kinase inhibitor, and clinical trial results for 7 patients (1 in CP, 1 AP, and 5 in BP) 6 of which had T315I, showed that 2 of the patients had a hematological response including 1 with AP who had a CCR at 6 months and a CMR and one patient in CP with a minor cytogenetic response, both were on the higher dose.  So there is some hope for this drug even at this is early data.

XL228 had 27 patients being treated, of which 10 had T315I shows that it is well tolerated, but we do not have clinical results as of yet, but I would say it looks promising as well.

However, there are quite impressive results for Omacetaxine:  50 patients, 26 (CP), 13(AP), 11 (BP) of which 82% of these patients failed the second generation TKI’s. There are 32 evaluable responses to date:  of the 15 patients in CP, there response to this drug was: hematological response in 80% of the patients, 2 achieved a major cytogenetic response and two have gone on to achieve a CCR. For the 10 patients in AP, their responses are: Hematological response in 60% of the patients, 2 patients achieved a minor cytogenetic response and two achieved a major cytogenetic response.  Of the six patients in BP, 33% achieved a hematological response.  Although Dr. Quintas-Cardama did not say it, I think this could make a good case for combining Omacetaxine with a TKI for these patients, perhaps improving their outcomes.  

He concluded with: T315I is still a remarkable therapeutic challenge, some of the agents in clinical trials have shown important activity against this mutations, third generation TKI’s and other novel agents such as Omacetaxine, may have a role in the management of T315I, highly Imatinib resistant mutations and advanced phase CML. Differences in structure, potency, and targets lead to clinical difference.

This was a very comprehensive session with lots to learn, and even after preparing these notes, I am still trying to absorb it all.

Congratulations to the Faculty, SciMed, and ChemGenex for such an interesting session.

