The Argument For Using Imatinib in CML

General introduction
Return to normal life expectancy for most
Death more likely from co-morbidities than CML
Role is to prevent progression to advanced phase disease and not to exacerbate pre-existing co-morbidities
Or, is it to get as many patients as possible to TFR?
Reality check – what proportion will get to TFR? Can we predict who these might be?
Is the patient who is destined to get to TFR the same patient irrespective of the starting drug – just takes longer with imatinib. Against is ability to stop a 2GTKI given after imatinib failure, but actually TFR is poor in patients with prior resistance. Also ability to take patients in MR3 on imatinib to MR4 and stopping on 2GTKI BUT again, maybe just a matter of time ) our results 450 MR3 on imatinib of whom ¾ got to MR4 over time
Could we do this by starting with imatinib and changing for poor response – but is this the patient who will have a successful TFR?
The story of chronic myeloid leukemia (CML) is truly remarkable. Once a fatal disorder, it is now a chronic illness compatible with a normal life expectancy (ref), for the majority of sufferers (ref). This remarkable advance has been achieved via a deep understanding of the molecular pathogenesis, the sequential development and use of increasingly potent targeted tyrosine kinase inhibitors (TKI), the rigorous use of molecular monitoring to assess response (or lack/loss thereof) and reinforcement of the need for compliance with daily therapy. The fact is that an individual newly diagnosed with CML in chronic phase in 2018 is more likely to die of another medical condition than of their leukemia (ref).  And CML continues to surprise, with numerous studies consistently reporting that some 40-50% of individuals with deep and durable molecular responses can safely discontinue therapy (refs).
The dilemmas that face physicians and patients are no longer concerned with delaying inevitable progression to the terminal blastic phase, or selecting the individual most likely to benefit from allogeneic stem cell transplantation, but are now focussed on the choice of TKI, the management of co-morbidities and side effects, strategies to improve quality of life and the appropriateness of a trial of discontinuation. Interestingly, with four TKI approved for frontline use, the choice of initial therapy continues to cause controversy, a situation made more complicated by the tantalising prospect of treatment free remission (TFR). In this manuscript we will explore the factors influencing this decision and try to provide a pragmatic and clinically applicable solution.
Assessing ‘Success’
Irrespective of the drug chosen, continued prescription depends on a combination of efficacy and tolerability. A number of guidelines are now available (refs) that define groups of patients destined to do well or less well by the depth of remission obtained at particular time points after initiation of treatment (Table). It may be important to remember that these recommendations are derived from the outcome of patients predominantly treated with imatinib and may not be exactly applicable to those who start on the more potent second generation TKI (2GTKI). Although we know that the achievement of a one log reduction in tumour load (RT-qPCR <10%, IS) at 3 months and of two logs (complete cytogenetic remission, CCyR; RT-qPCR <1%, IS) at 6 months of imatinib therapy distinguishes a cohort of patients with an excellent prognosis from those with a poorer outcome (refs), and that these somewhat arbitrary milestones can be applied to the use of 2GTK (refs), it is entirely possible that these levels could and should be lower if the initial therapy is a 2GTKI. Recently, evidence from the German CML IV study has identified that the achievement of a three log reduction in tumour load (major molecular remission, MMR) confers a survival advantage over the achievement of CCyR only (ref), although the time by which MMR should be achieved is less clear (ref). The ultimate confirmation of efficacy of treatment is the ability to discontinue the TKI indefinitely without clinical, cytogenetic or molecular evidence of recurrence of CML, now referred to as ‘treatment free remission’ (TFR). The depth and duration of remission required to consider a potential study of treatment discontinuation is not yet defined but the minimum recommendation is a four log reduction in disease burden (MR4) sustained for at least 12 months and a duration of imatinib therapy of at least ?3 years (ref)

Outcome of first line therapies 
Considerable data now confirm the long-term outcome of first line imatinib, derived not only from the original phase III randomised study of imatinib vs interferon and cytosine arabinoside (ref) but also from all the control arms of the phase III randomised studies of 2GTKI vs imatinib in newly diagnosed patients and the German CML IV study that randomised patients to varying doses of imatinib with or without concomitant interferon (Table 2) (refs). Patients treated upfront with imatinib can expect a xx% chance of CCyR at 12 months, yy chance of MMR at 2 years and zz of MR4 at 5 years. The data from these studies in terms of depth of response are invariably reported as cumulative incidences at annual intervals (so far out to 5-6 years) and provide little information regarding the durability of those responses, which would be the prerequisite for a trial of discontinuation. However, information derived from sequential laboratory results suggests that the proportion of patients achieving deep molecular responses on frontline imatinib continues to increase beyond 8 years (ref).  
In all of the randomised studies of imatinib vs a 2GTKI, it is clear that the 2GTKI induce deeper responses more rapidly than imatinib, and probably in a higher proportion of patients. If the goal of therapy is to increase the number of patients eligible for a trial of treatment discontinuation, then the treatment of choice at diagnosis should be a 2GTKI.
However none of the randomised studies of imatinib vs a 2GTKi have shown a survival advantage for either drug at a minimum of 5 years follow-up, although the results from ENESTnd suggest that patients treated with nilotinib are less likely to die of CML than those on imatinib (ref). If however, the death rate is identical in the two arms, it raises the possibility that some of the non-CML related deaths are related to the use of the more potent 2GTKI and a higher incidence of serious adverse events. If true then the dilemma is that the use of frontline 2GTKI may increase the numbers of patients able to stop therapy, but potentially at the expense of inducing or exacerbating concomitant illness in others. 
Two further issues require consideration. The first is that the choice of firstline therapy in patients destined for treatment free remission may be irrelevant and the only real difference observed would be the speed at which they reach the timepoint for consideration of a trial of discontinuation. Since a patient cannot act as their own control, one way of trying to answer this dilemma would be if the use of a 2GTKI could induce a sustained deep response and TFR in a patient who had failed to reach this level of response on imatinib. This has been addressed in trials of stopping 2GTKI (refs) but these results are difficult to interpret given that most of the patients included in these studies received the 2GTKI for imatinib intolerance rather than resistance. The data that do exist suggest that successful treatment discontinuation is rarely possible in those with true imatinib resistance. In contrast studies of nilotinib in patients in MMR but not MR4.5 on imatinib, suggest that not only can deeper responses be established on nilotinib but that some 40-50% of patients can stop therapy at a later date. Since the minimum duration of therapy on imatinib was only x years (median y years) there remains the possibility that some of these patients would have achieved deep responses had they remained on imatinib,
The second consideration is whether the use of upfront imatinib followed by rigorous and accurate molecular monitoring, and an early change to a 2GTKI if milestones are not met (particularly RT-qPCR <10% IS at 3 and <1% at 6 months), would restore the patient to the same prognosis as if they had received a 2GTKI as firstline therapy. The Phase II studies of the 2GTKI for imatinib resistance demonstrate that CCyR can be achieved in approximately 40-50 of patients but these studies were performed some years ago when the median duration of imatinib treatment prior to the change of therapy was x months (range y-z). It is almost impossible to estimate whether a much earlier change would have the same results: although intuition suggests that an earlier change to a more effective drug  should be the optimal strategy for management, the possibility exists that the results of the original studies over-estimated CCyR rates because patients with particularly poor prognoses progressed and may have died before the 2GTKI became available for use.
Imatinib: IRIS, all phase IIL studies and German CML IV
Dasatinib: Dasasion, Radich, SPIRIT2
Nilotinib: EnestPath, Enest1st 
Bosutinib: BELA, BFORE

Considerations for choice of frontline treatment
It seems obvious that the choice of first line therapy should be driven by the goal of treatment, simplistically defined as one or other of long-term disease control with good quality of life, or treatment free remission. In clinical practice these choices are often not straightforward.
Although the best biomarker for survival is currently the responses to therapy at 3, 6 and 12 months, which is not available at diagnosis, there are some factors that can be used to inform this choice. The first is age, where again a straightforward approach might be to aim for TFR in the young, and safe, effective disease control in the elderly. Unfortunately even this is complicated by a lack of data regarding the safety and efficacy of 2GTKI in paediatric and young adult populations, and the increasing prevalence of co-morbidities that occurs with age such that TFR might be a desirable aim in order to avoid additional adverse events. 
There is evidence from paediatric data that children tend to present with seemingly more aggressive disease (ref), with higher white cell counts and larger spleens and this begs the question as to whether the standard risk scores (Sokal, Hasford, EUTOS and ELTS) (refs) which consider younger age as a good prognostic feature are applicable to  children and young adults. CML is unusual in individuals under the age of 25 years so that attempts to look specifically at their prognosis  within larger studies has proved very difficult, either because the under 18s were excluded from the trials or because the small numbers render the sub-group analysis invalid. Within the German CML IV study, young age was not considered an adverse prognostic factor (ref). 
In adults the use of prognostic scores is more appropriate. The Sokal score has been used most commonly to date (ref) and although designed to predict outcome in patients treated with busulphan, has proven useful in the TKI era. The problem remains that, on an individual basis, the score does not guarantee that a patient with a low score at diagnosis will not develop progression, or that a patient with a high score can respond well to imatinib, The two large commercial phase III randomised studies of imatinib vs nilotinib (Enestnd) and imatinib vs dasatinib (Dasasion) assessed outcome using the Sokal and Hasford scores respectively. The impact of the Sokal score was assessed in Enestnd and found to predict achievement of CCyR, MMR and progression free survival. Patients classified as low risk had similar CCyR, MMR and OS rates on either imatinib or nilotinib, whereas those with high risk disease had improved outcomes on nilotinib  (Table), suggesting that the latter group should be offered 2GTKI as firstline therapy. The situation regarding intermediate Sokal scores is more complicated with CCyR, MMR and OS rates of x, y and z% on imatinib and a, b and c % on nilotinib. Here the benefit of an early 2GTKI should be balanced against the possibility of adverse events in those with pre-existing co-morbidities. Data relating to the impact of the Hasford score in the Dasisiion study has not been reported.
Most recently the German CML IV study also looked at the role of Sokal in predicting outcome in patients who were randomised to varying doses of imatinib or imatinib plus additional therapy with interferon or cytosine arabinoside. Although the score was predictive, the investigators were able to derive a further algorithm, the European Long Term Survival (ELTS) score, that appears to more accurately distinguish those with high risk disease compared to the Sokal score. If the score can be validated in other studies it is likely that it will be more widely adapted.
The prognostic value of additional chromosomal abnormalities (ACA) at diagnosis has long been controversial although the acquisition of ACA during the disease course, remains a criterion for accelerated phase disease (ref). The role of ACA at diagnosis has been clarified recently with a classification that defines major and minor route abnormalities (ref) and in which major route changes correlate with inferior survival. Choosing a 2GTKI for these patients would be entirely justified. The impact of the type of BCR-ABL1 transcript has also been difficult to interpret. There are two common transcripts, e13a2 and e14a2, which are detected individually in approximately x and y% of patients respectively and together in a further z% (ref). It is not entirely clear whether this is a true reflection of the disease biology or whether the presence of one or two transcripts reflects RT-PCR artefact. Using standard primers, the e14a2 PCR product is longer the e13a2 counterpart and might simply be subject to less efficient PCR amplification (ref). Several studies have reported that patients expressing the e14a2 transcript have a better outcome in terms of achievement of milestones and/or survival (refs). Although other investigators have failed to confiem this finding it would be fair to say that none have shown the reverse, i.e. that patients with the e13a2 transcript have a better outcome. Approximately 1% of patients have a variety of alternative transcripts including e1a2, e6a2 etc. Because of their rarity and because they are usually excluded from clinical trials because of the absence of a standardised RT-PCR assay to monitor response, their impact on outcome is more difficult to assess. A few reports based on small numbers of patients suggest that prognosis might be inferior to those expressing e13a2/e14a2 (refs), but it is possible that the poorer outcome might be confined to those with the e1a2 transcript (manuscript in preparation!).
The currently available TKI have a variety of side effects, some of which can be attributed to inhibition of off-target tyrosine kinases, and are common to all the drugs. However each of the drugs has a particular adverse event profile that should be considered when choosing firstline therapy. The ELN recently reviewed the occurrence and management of TKI side effects so that the following discussion refers to side effects only in the context that they might direct the choice of drug. 
Imatinib is generally regarded as the safest of the TKI, having been in use for over 20 years with few long-term irreversible side effects described. In contrast the second and third generation TKI have individual risk profiles with more serious complications. The most severe and not necessarily reversible side effect of dasatinib is that of pulmonary arterial hypertension (ref). Dasatinib is well-known to cause pleural effusions in approximately 25-30% of patients. Most effusions can be manged by temporary cessation of dasatinib until resolution, reintroduction at the original dose followed by a reduction in dose if the effusion recurs. The first occurrence can be at any time post initiation of therapy, and the incidence increases with age such that patients over the age of 65 years have a chance of development of pleural effusion greater than 50% (ref). Other predisposing factors have been described including prior auto-immune disease, the prior occurrence of skin rash on imatinib, or on dasatinib and a history of hypertension and ischaemic heart disease (refs). Although previous respiratory disease has not been implicated in the risk factors for PAH or pleural effusion, avoidance of further respiratory compromise is a sensible approach in a patient with known pulmonary disease. Both dasatinib and ponatinib affect platelet function and haemorrhagic gastrointestinal colitis has also been described on dasatinib (ref).
Nilotinib is associated with a low incidence of pancreatitis and would be contraindicated in patients with a prior history of pancreatitis and/or alcohol excess. More frequent and relatively common side effects include exacerbation of pre-existing or new occurrence of diabetes mellitus, hypercholesterolemia, hypertension and arterial occlusive events (AOE) including myocardial infarction, cerebrovascular thrombosis and peripheral atrial occlusive disease (PAOD). The incidence of AOE increases with increasing exposure to nilotinib and reaches more than 20% at 10 years (ref). As a consequence nilotinib is a less attractive choice for the newly diagnosed patient with diabetes, hyepercholestrolemia and/or pre-existing arterial disease, and caution should be exercised in those with obesity, a family history of ischaemia and a smoking history.
Bosutinib is associated with gastrointestinal toxicity, predominantly diarrhoea. Fortunately this is usually temporary. A more problematic side effect is of drug-induced hepatitis so attention should be paid to a history of prior liver disease and excess alcohol consumption.
[bookmark: _GoBack]Ponatinib is the most potent TKI to date but its use as a firstline agent was curtailed when the phase III randomised study of ponatinib vs imatinib was halted prematurely because of a disturbingly high incidence of AOE in patients on ponatinib compared to those on imatinib. This had also reached 30% in the earlier Phase II study of ponatinib after failure of prior TKI. The company has not pursued a first line indication in chronic phase disease but the upfront use of potaninib together with intensive intravenous chemotherapy is currently being explored in blast crisis (ref).




Currently the strongest predictor of achievement of subsequent ELN milestones and/or progression free and overall survival, is the response after 3 months of TKI therapy (refs). Patients with RT-PCR levels <10% at this time point have an excellent outcome. The group with levels >10% have a poorer outcome but this group is heterogeneous and also includes individuals who will subsequently achieve good responses after a change of TKI. 

Predictors of poor outcome
Side effects and co-morbidities, recognising that original observations of more serious side effects had an element of surprise such that co-morbidities might not have been managed optimally
Desire to reach TFR

Known predictors of poor outcome
Risk scores: Sokal, ELTS
Additional chromosomal abnormalities
Rare transcripts
Co-morbidities
Failure to achieve ELN milestones (built for imatinib)
Genomics

Situations in which TFR is desirable
All
Younger patients including children
Women of childbearing age
Those with co-morbidities
How to achieve a balance?

