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Summary

Background—Several tyrosine kinase inhibitors (TKI) are available for treatment of patients
with chronic myeloid leukemia in chronic phase (CML-CP). We analyzed long term response and
compared outcomes of patients treated with 4 TKI modalities used as frontline therapy for CML-
CP.

Methods—This is a retrospective cohort analysis of 482 patients with chronic phase CML treated
in prospective clinical trials with frontline TKI modalities at a single institution. Patients were
treated with imatinib 400 mg daily (n=68), imatinib 800 mg daily (n=200), dasatinib 50 mg twice
daily or 100 mg daily (n=106) or nilotinib 400 mg twice a day (n=108). Primary end point of the
study was to determine whether achieving complete cytogenetic response (CCyR) or major
molecular response (MMR) has comparable prognostic implications regardless of the type of
frontline TKI modality. Intention to treat analyses were performed for each TKI modality for
response assessment and survival endpoints were analyzed using the Kaplan-Meier method and
differences calculated by the log-rank test. Univariate and multivariate analyses were performed
using the Cox proportional hazard regression.
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Findings—Overall, higher proportions of patients receiving imatinib 800 and 2" generation TKI
achieved complete cytogenetic response (CCyR), major molecular response (MMR) and >4.5 log
reduction in BCR-ABL transcripts (MR*®) at all time-points (3-60 months). Disease
transformation occurred in 35/482 patients (7%), events occurred in 76/482 (16%) and 53/482
patients (11%) died. Overall, 5 year outcomes were event-free survival (EFS) 84%, failure-free
survival (FFS) 70%, transformation-free survival (TFS) 92%, and overall survival (OS) 93%.
Compared to other 3 treatment modalities, patients treated with imatinib 400 had significantly
inferior EFS, FFS and TFS. Multivariate analysis demonstrated that therapy with imatinib 800,
dasatinib or nilotinib predicted for EFS while FFS, TFS and OS were similar irrespective of the
TKI used.

Interpretation—Treatment with imatinib 800, dasatinib or nilotinib demonstrates superior rates
of responses, which are maintained even at longer follow up (5 years). Patient outcomes are
improved after treatment with imatinib 800 and 2"d generation TKI’s as compared to imatinib 400.
Results with imatinib 800 are similar to 2" generation TKI with higher rate of discontinuation.

Keywords

Chronic myeloid leukemia in chronic phase; CML; CML-CP; Tyrosine kinase inhibitors (TKI);
TKI; imatinib; nilotinib; dasatinib; cytogenetic response; molecular response

Introduction

Tyrosine kinase inhibitors (TKI) are the standard frontline treatment for patients with

chronic myeloid leukemia (CML-CP) in chronic phase. Imatinib was the first of the TKI to
be used in this setting. The eight-year follow up of the IRIS (International Randomized
study of Interferon vs. STI571) multicenter clinical trial (the last available before the study
was terminated) showed that therapy with imatinib resulted in a complete cytogenetic
response (CCyR) rate of 83%, 45% discontinuation rate from imatinib and 8-year estimates
for event-free survival (EFS) of 81%, progression-free survival (PFS) of 92%, and overall
survival (OS) of 85% (93% when only CML related deaths were considered). Imatinib 800
mg has been used in an attempt to improve the outcome over what is achieved with standard-
dose imatinib. Various studies have shown that treatment with second generation TKI such
as dasatinib, nilotinib, and bosutinib result in deeper and faster responses with fewer
transformations to accelerated and blast phase compared to imatinib. Based on these studies,
dasatinib and nilotinib are now approved for initial therapy of CML-CP. Achieving early
cytogenetic and molecular responses has been suggested to correlate with improved long-
term clinical outcomes. The correlation of optimal cytogenetic and molecular responses at 3
months with improved long-term outcome is similar regardless of the TKI used.

However, none of the randomized studies has demonstrated an improved long-term outcome
(i.e., EFS, OS) compared to imatinib, perhaps because of the short long-term follow-up.
Furthermore, to our knowledge, no analysis is available to date including all available
frontline TKI modalities. Therefore, we conducted this analysis including patients treated
with any of 4 different TKI modalities at a single institution in consecutive or parallel trials
with long-term follow-up data to determine the rates of cytogenetic and molecular responses
achieved by each TKI up to 5 year follow-up and the prognostic impact of the responses
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achieved by each TKI at different time points on long term outcomes (EFS, FFS, TFS and
0S).

All patients with CML-CP enrolled in consecutive or parallel clinical trials at MD Anderson
Cancer Center using TKI as frontline therapy from July 31st 2000 to September 10th 2013
were included in this analysis. Patients were treated on protocols approved by the
institutional review board and informed consent was obtained in accordance with the
declaration of Helsinki. Inclusion and exclusion criteria were similar for all trials
(Summarized in supplemental file, page 12). Follow up and response assessment were
similar among all the trials: cytogenetic analysis every 3 months for the first year, then every
6 months for the next 2-3 years, then every 1-2 years. Real time polymerase chain reaction
(RT-PCR) was generally assessed every 3 months for the first year, then every 6 months.
Adherence to therapy was measured through a patient diary, pill count of returned
medication, and patient interview during follow-up visits. Response criteria were as
previously described. Cytogenetic response was assessed by conventional cytogenetic
analysis done in bone marrow cells using the G-banding technique with at least 20
metaphases analyzed. Fluorescent in situ hybridization (FISH) on peripheral blood was used
to evaluate response only when routine cytogenetic analysis was not successful (i.e.,
insufficient metaphases). Cytogenetic response categories included complete cytogenetic
response (CCyR) (0% Ph-positive metaphases), partial cytogenetic response (PCyR) (1-35%
Ph-positive metaphases), major cytogenetic response (MCyR) (<35% Ph-positive
metaphases) and minor cytogenetic response (>35% to 95% Ph-positive metaphases).
Molecular response was assessed by RT-PCR and expressed as the BCR-ABL/ABL ratio
(International Scale). A major molecular response (MMR) was defined as BCR-ABL/ABL
transcript ratio <0.1%, and 4.5 log reduction in BCR-ABL transcripts (MR*®) as a ratio of
<0.0032%. Best response achieved at any time point and responses according to different
time points were assessed. Only patients with typical BCR-ABL transcripts (b2a2 and/or
b3a2) were included in the molecular analyses. Of note, patients treated with imatinib 400
initiated therapy between May 2001 and June 2001 when molecular analysis was not
routinely done, therefore molecular response at 3 months is not available for imatinib 400.
Undetectable molecular response prior to 2011 was done by confirming negative results
through nested PCR. Therefore some of the older values may not be fully equivalent.

Statistical analysis

Event-free survival (EFS) was measured from the start of treatment to the date of any of the
following events (as defined in the IRIS study) while on therapy: loss of complete
hematologic remission (CHR, loss of major cytogenetic response (MCyR), progression to
accelerated (defined as blasts 215%, blasts + promyelocytes =30%, basophils =220%,
platelets <100x10%/L, unrelated to therapy, or cytogenetic clonal evolution) or blast phase
(defined as blasts 230%, or extramedullary disease), or death from any cause at any time
while on study. Because of the limitations of this definition, we also measured the failure-
free survival (FFS) that accounts for other events such as failure to achieve response at set
times as defined by the European Leukemia Net (ELN), loss of CCyR, intolerance, or
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treatment discontinuation for any reason. Overall survival (OS) was measured from the time
treatment was started to the date of death from any cause at any time or date of last follow-
up. Transformation-free survival (TFS) was measured from the start of therapy to the date of
transformation to accelerated or blast phase while on therapy or deaths on study (i.e. deaths
on initial TKI).

Survival probabilities were estimated by the Kaplan-Meier method and compared by the log-
rank test. Univariate and multivariate analyses were performed to identify whether the type
of TKI modality can predict for patient outcomes. Variables with p-value <0.25 in the
univariate analysis were entered into a multivariate model and analyzed using the Cox
proportional hazard regression. A p-value of < 0.05 was considered significant. Survival
endpoints were analyzed using the Kaplan-Meier method and differences calculated by the
log-rank test. Statistical analyses were carried out using STATA/SE version 13.1 statistical
software (Stata Corp. LP, College Station, Texas).

Role of the funding source

Results

Patients

The study sponsor for all trials was MDACC. The supporters of the studies were Novartis
(Imatinib and Nilotinib trials) and BMS (Dasatinib trial). The clinical trials were designed
by JC and HK. The supporters reviewed provided drug and partial financial support for the
conduct of the study. The supporters had no role in the collection, analysis or interpretation
of the data. All authors had access to the raw data. The corresponding author had full access
to all of the data and the final responsibility to submit for publication.

A total of 482 consecutive patients with newly diagnosed CML-CP treated with four TKI
modalities were included in this analysis. The median age for the total cohort was 49 years
(range, 18-86 years), the median follow-up was 90 months (interquartile range of 74
months). Most patients (70%) had low Sokal score. Patients were treated with imatinib 400
mg daily (n=68), imatinib 800 mg daily (n=200), dasatinib 50 mg twice daily or 100 mg
daily (n=106), or nilotinib 400 mg twice daily (n=108). All TKI modalities were
administered orally. Patient characteristics were comparable among patients treated with the
different TKI modalities (Table 1). Imatinib was introduced in 2000 and therefore the
follow-up is longer for patients treated with imatinib than with second generation TKIs.
Disease transformation occurred in 35 patients (8%) including 7 patients with transformation
to blast phase, 14 patients to accelerated phase and 14 on study deaths. A total of 53 (11%)
patients died (including 14 deaths on study) and events occurred in 76 (16%) patients.

Response and long term outcomes according to TKI modality

Overall, best cytogenetic responses for the total population were CCyR in 437/477 (92%)
patients and 18/477 (4%) achieved PCyR. MMR was achieved in 412/477 (86%) patients
and MR** in 335/477 (70%) patients. According to specific TKI, the percentage of patients
achieving CCyR was higher among patients treated with imatinib 800 (180/199; 90%),
dasatinib (100/104; 96%) or nilotinib (99/107; 93%) as compared to those treated with
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imatinib 400 (58/67; 87%). Similarly, best MMR rates were higher with imatinib 800
(171/199; 86%), dasatinib (93/104; 90%) or nilotinib (97/107; 91%) than with imatinib 400
(51/67;76%). Fewer patients treated with imatinib 400 (38/67; 57%) achieved MR* as
compared to those treated with imatinib 800 (148/199; 74%), dasatinib (76/104; 73%) or
nilotinib (76/107; 71%) (See supplemental Figure 1A-D). The median time to achieve
MMR was 11 months for patients treated with imatinib 400 and 6 months each for those
treated with imatinib 800, dasatinib and nilotinib.

We then compared outcomes according to the best cytogenetic responses. Patients who
achieved CCyR had significantly better long-term outcome than those with PCyR or minor
cytogenetic response (Supplemental Figure 2A-D). The 5-year estimates for EFS, FFS, TFS
and OS among patients who achieved CCyR at any time were 89%, 77%, 94% and 95%,
respectively (P<0.001 for each outcome). Similarly, the 5-year estimates for EFS, FFS, TFS
and OS for patients that achieved MMR were 91%, 80%, 94% and 97%, respectively,
(P<0.001 for each outcome) (Supplemental Figure 3A-D). We also compared EFS
according to the type of response achieved at 12 months i.e MMR alone vs CCyR with no
MMR vs no MMR, no CCyR. As expected, patients who achieved 12 months MMR or
CCyR without MMR had better EFS as compared with patients who did not achieve MMR
or CCyR (P<0.0001) (Supplemental Figure 4).

We then explored the difference in outcomes according to the type of TKI modality used
(Figure 1A-D). Patients who received imatinib 400 exhibited significantly inferior EFS, as
compared to other three TKI modalities (P = 0.009) while for FFS, TFS and OS it was (P =
0.353, 0.078 and P=0.381 respectively). Corresponding 95%CI and hazard ratios are
mentioned in Figure 1(A-D) and in Table -1, supplemental tables 1-3 for EFS, FFS, TFS
and OS respectively. Of note, patients who received imatinib 400 had higher frequencies of
events, failure, transformations and deaths as compared to imatinib 800, dasatinib and
nilotinib. Ten (2%) patients treated with imatinib 400 transformed to AP or BP (3 myeloid
blast phase and 7 accelerated phase), compared to 5 (1%) on imatinib 800 (2 lymphoid blast
phase, 3 accelerated phase), 2 on dasatinib (1%; 2 accelerated phase), and 4 on nilotinib
(1%; 3 lymphoid blast phase, 1 accelerated phase).

We then compared the response to therapy achieved by treatment modality at different time
points (up to 60 months), on an intention to treat analysis. Only patients with values
available at the time of assessment or who were under follow up were included in this
analysis. Absolute numbers of evaluable patients according to TKI modality and at different
time points are mentioned in figure 2 and 3. As shown in Figure 2A, patients taking imatinib
400 achieve CCyR at later time points and fewer of these patients achieve CCyR as
compared to those treated with imatinib 800, dasatinib and nilotinib at all-time points. Only
after approximately 36 months does the rate of CCyR for patients treated with imatinib 400
reaches similar levels to those achieved in the other cohorts. Similarly, Figure 2B—C shows
that fewer patients taking imatinib 400 achieve MMR and MR* at nearly all time points as
compared to imatinib 800, dasatinib and nilotinib. MMR reaches a similar rate only after 60
months, while MR*® remains nearly half of that with other treatment modalities for at least
60 months. Patients receiving imatinib 800 had similar rates of CCyR, MMR and MR** at
all the time points to those receiving 2"d generation TKI. Supplemental table -1 shows
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95%Cl for all TKI modalities at different time points for CCyR and MMR. Similarly, fewer
patients receiving imatinib 400 achieved major cytogenetic response (<35% Ph+) and BCR-
ABL/ABL (£10%) at early time points or BCR-ABL/ABL (<1%) at 6 months when
compared with other TKI modalities (Figure 3A-B). Furthermore, prolonged (>12 months)
reduction of median BCR-ABL was slowest with imatinib 400 compared to other TKI
modalities over time (Figure 3C). Treatment with second generation TKI and imatinib 800
achieved earlier, deeper and sustained reduction in BCR-ABL transcripts.

Overall, among the 53 patients who died, 16 were considered CML related deaths and 37
were non-CML related. Thirteen patients (19%) started on imatinib 400 died (7 transformed
to blast phase, 4 second cancers (renal cell cancer, ovarian cancer, esophageal cancer and
acute myeloid leukemia), 1 complications of stem cell transplant (SCT) and one unknown.
For imatinib 800, 30 patients (15%) died including 2 that transformed to blast phase, 3 to
accelerated phase and 25 due to other causes (6 cardiac diseases, 6 unknown cause, 3 other
cancers, 3 neurological diseases, 2 car accidents, 2 complications of SCT, 1 pneumonia, 1
stroke with seizures and 1 suicide). Three patients (3%) died on dasatinib, (1 pancreatic
cancer, 1 congestive heart failure and 1 infection). For nilotinib, 7 patients (6%) died (1
unknown, 1 stroke, 1 pulmonary embolism, 1 food poisoning, 1 sepsis, 1 complications of
SCT and 1 died of post-operative complications for surgery done for another cancer).

Type of TKI and long term outcomes — Multivariate analysis

We then conducted univariate and multivariate analyses to find whether the TKI modality
correlates with long term outcomes. Table-1 shows the results of these analyses for event
free survival (EFS). Covariates with a p value <0.25 were included in the final multivariate
model for EFS. Compared to imatinib 400, therapy with imatinib 800, dasatinib or nilotinib
significantly predicted for longer EFS - imatinib 800 - HR=0.51, 95% CI 0.29-0.88 (p =
0.016), dasatinib HR=0.28, 95% CI 0.12-0.66 (p = 0.004), nilotinib - HR=0.42, 95% ClI
0.20-0.89 (p = 0.024). In addition, the presence of splenomegaly at the time of initial
presentation also predicted for inferior EFS- HR=2.14, 95% CI 1.03-4.48 (p = 0.043). In
contrast, the type of TKI modality did not significantly predict for other long-term outcomes
including failure free, transformation free and overall survival (Supplemental tables 2—4).

In a separate analysis we have assessed whether the correlation of the response achieved at
different time points (at 3, 6, and 12 months) with long-term outcome was modulated by the
TKI modality (Supplemental tables 5-8). Patients who achieved major cytogenetic response
(MCyR) at 3 months, regardless of TKI modality, significantly predicted for longer EFS as
compared to those patients who did not achieve such response at 3 months. MCyR at 3
months by either imatinib 400 - HR=0.31, 95% CI 0.13-0.74 (p = 0.009) or by imatinib 800,
dasatinib or nilotinib (3TKI) - HR=0.18, 95% CI 0.09-0.37 (p <0.001) significantly
predicted for longer EFS compared to those patients who did not achieve MCyR at 3
months. Similarly, achievement of MCyR at 3 months significantly predicted for FFS, TFS
and OS irrespective of TKI modality. Furthermore, CCyR at 6, 12 and 18 months also
significantly predicted for longer EFS, independently of the TKI modality. Furthermore,
achievement of CCyR at 12 months was significantly predictive for FFS, TFS and OS
irrespective of TKI modality.
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Discontinuation rates of different TKI modalities

Overall, 163/482 (34%) patients have discontinued therapy. Percentages of patients who
discontinued TKI therapy were 29/68 (43%) of those in the imatinib 400 cohort, 85/200
(43%) in the imatinib 800 cohort, 23/106 (21%) on dasatinib and 27/108 (25%) on nilotinib,
respectively. To adjust for the different follow-up among different cohorts by treatment
modality, we then compared the proportions of patients in each of the 4 TKI modality
cohorts who discontinued therapy within 12 months, between 12 and 24 months and 24 to
36 months from start of therapy, respectively (see supplemental figure 5). Treatment
discontinuation was more common among patients receiving imatinib compared to 2"
generation TKI’s.

Causes of discontinuation among the TKI modalities

Among the overall 163 patients who discontinued TKI therapy, the major reasons for
treatment discontinuation were resistance (28%), toxicity (23%) or both (8%), patient choice
(12%), deaths on study (8%), insurance/financial issues (6%), blast phase (5%),
noncompliance (5%), other medical conditions (4%), and stem cell transplantation (1%).

Percentages of patients who discontinued therapy by TKI modality (imatinib 400, imatinib
800, dasatinib and nilotinib) were: resistance (19%, 12%, 6%, 3%), toxicity (7%, 8%, 7%,
7%) or both (1%, 3%, 3%, 2%), patient choice (6%, 6%, 3%, 1%), deaths on study (0%, 4%,
1%, 4%), insurance/financial issues (0%, 3%, 0%, 3%), blast phase (4%, 1%, 0%, 3%),
noncompliance (3%, 1%, 2%, 3%), other medical conditions (3%, 2%, 0%, 0%), and stem
cell transplantation (0%, 1%, 0%, 0%).

Of the 163 patients who discontinued therapy, 85 patients (18% of all treated patients; 53%
of all those who discontinued therapy) discontinued therapy within 3 years from the start of
treatment. The major reasons for treatment discontinuation among these 85 patients were
resistance (24%), toxicity (24%) or both (15%), insurance/financial issues (9%), blast phase
(9%), noncompliance (7%), deaths on study (5%), patient choice (3%), stem cell
transplantation (2%) and other medical conditions (1%). Causes of discontinuation and the
proportion of patients who discontinued therapy according to TKI modality and the duration
of therapy are summarized in Table-2.

At the last follow-up, the median actual daily dose according to the TKI modality (imatinib
400, imatinib 800, dasatinib and nilotinib) is 400 mg, 600 mg, 80 mg and 800 mg,
respectively, while the median daily dose after first 3 years of therapy was 400 mg, 800 mg,
100 mg, and 800 mg, respectively.

Subsequent therapies after discontinuation of initial TKI modality

Since overall survival can be influenced by successful salvage treatments which the patients
may receive after failing or coming off of initial TKI, we then looked for subsequent
therapies after excluding those patients who came off their initial TKI and subsequently lost
to follow up. Overall 97 (20%) patients switched to other therapies after discontinuing initial
TKI. Description of subsequent therapies is provided in supplemental table 9. Distribution
according to TKI modality was imatinib 400, 17 (25%) patients; imatinib 800, 47 (24%)
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patients; dasatinib, 16 (15%) patients; and nilotinib, 17 (16%) patients. Of these 97 patients,
65 (67%) were in CCyR, 60 (62%) were in MMR and 77 (79%) were alive at the time of last
follow up.

Discussion

In this study we have demonstrated that patients received imatinib 800 or dasatinib or
nilotinib achieve early and deeper cytogenetic and molecular responses as compared to
imatinib 400 and sustain this superiority over imatinib 400 even at 5 years follow up.
Moreover, we have shown that the type of TKI modality can independently predict for event
free but not overall survival. Development of 2" generation TKI such as dasatinib and
nilotinib has altered the selection of frontline TKI for the therapy of many patients with
CML-CP. It is now well established that 2" generation TKI’s can achieve earlier and deeper
cytogenetic and molecular responses as compared to standard dose imatinib. Several studies
have documented the positive impact of attaining early and deep cytogenetic and molecular
responses on patient outcomes. Randomized studies such as ENESTnd and DASISION have
shown that higher proportions of patients treated with the corresponding 2"d generation TKI
(nilotinib and dasatinib, respectively) achieve deeper responses at earlier time points
compared to standard dose imatinib. In other studies, high dose imatinib (800 mg) induced
earlier and deeper molecular responses compared to standard dose imatinib. No direct
comparisons through a randomized trial exist of higher dose-imatinib and 2"d generation
TKI, or between the two approved 2" generation TKI. Thus current treatment choices
depend mostly on factors such as personal experience with each drug, patient comorbidities
that may predispose to adverse events more frequently seen with one drug or another,
personal preferences based on schedule, availability or cost.

In this analysis we reviewed the patterns of response and long term outcome achieved with 4
TKI modalities (imatinib 400, imatinib 800, dasatinib and nilotinib) in consecutive or
parallel investigator-initiated clinical trials. This analysis suggests that results achieved with
imatinib 400 mg daily (i.e., the standard dose of imatinib) are generally inferior to those
achieved with any of the other three modalities. In contrast, there are no obvious differences
in cytogenetic or molecular response rates between patients treated with imatinib 800 or any
of the 2"d generation TKI. The same can be said about the long-term survival outcomes
including EFS, FFS and TFS. In the absence of direct comparison of all 4 available
modalities for treatment of CML through randomized trials, this analysis might be the best
available indication to suggest that the response outcomes may be similar for higher-dose
imatinib, dasatinib and nilotinib and that other criteria may be used for selecting the TKI
best suited for each patient.

Importantly, no difference in overall survival can be identified between all four treatment
modalities. This could be interpreted as somewhat surprising based on the known favorable
impact that achieving early responses has on long term outcome. For example, achieving a
deep response at 3 months from the start of therapy has been associated with an improved
EFS (or progression free survival) and overall survival. Since routine testing for molecular
response was not done in the early years of TKI therapy when nearly all patients treated with
standard-dose imatinib in our series were treated, we focused on cytogenetic response,
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particularly major cytogenetic response at 3 months which is grossly equivalent to BCR-
ABL/ABL <10%. We recently published the results in our series demonstrating that early
responses at 3 months happened more frequently with imatinib 800 and 2" generation TKI.
Several analyses have demonstrated that such responses are associated with an improved
PFS and OS. Still, neither the randomized trial of imatinib versus dasatinib or nilotinib, nor
the present analysis including also imatinib 800, shows these early responses translating in
an improvement in overall survival. It is possible that such benefit in survival may not
become evident until many more years from the start of treatment, particularly when
considering that the difference in 3-month response affects only a small subset of patients.
However, it is also possible that effective intervention after failure is documented may
negate the adverse prognostic significance of a slow response, at least in terms of survival.
We have previously reported that when response to subsequent TKI therapy is accounted for,
the outcome (i.e., “current EFS”) is significantly better than when the outcome is considered
without accounting with the potential for salvage with sequential TKI. It is important to note
that none of the patients included in this analysis who did not have an optimal response at 3
months received a different therapy at that time point. Patients who developed failure
(resistance or intolerance) as per the ELN recommendations were offered therapy with other
modalities, available to them at the time this occurred.

The kinetics of the response to imatinib 800 and 2"d generation TKI show that there is a
higher rate of the deepest responses (e.g., MR*®). Although the rates of MMR reach similar
levels by 60 months of therapy, the rates of MR*5 remain higher with imatinib 800 and 2"d
generation TKI than with imatinib 400. Even at longer follow up, the maximum cumulative
rate of MR*3 in the cohort of patients treated with imatinib 400 is 37% at 5 years. These
deeper responses do not seem to offer a benefit in the risk of transformation or death, but are
important if one is to consider treatment discontinuation which is currently only considered
for patients with sustained undetectable transcripts.

Furthermore, in multivariate analysis we have shown that therapy with imatinib 800,
dasatinib and nilotinib can significantly predict for event free survival when compared to
imatinib 400. However, type of TKI modality did not predict for failure free, transformation
free and overall survival. These results may be explained by the fact that a large percentage
of patients who fail on imatinib therapy can still achieve optimal response with 2nd
generation TKI or imatinib 800 and this may nullify the negative impact on outcomes after
failing imatinib 400.

In our series, the rates of treatment discontinuation are highest with imatinib compared to
2"d generation TKI. The reasons for treatment discontinuation are somewhat different
between the two dose regimens of imatinib, with more patients discontinuing standard-dose
imatinib therapy for resistance and higher-dose imatinib for intolerance. It should be noted
that the rate of treatment discontinuation for toxicity is somewhat affected by availability of
clinical trials intended to study the effect of change of therapy in patients with chronic low-
grade adverse events. The rate of treatment discontinuation for 2"d generation TKI, after a
median follow-up of over 4 years is <25% overall, and <20% by 3 years. These rates appear
to be somewhat lower than those reported in the 3 year follow up of randomized trials
ENESTNd (38% for imatinib arm and 28% for nilotinib) and DASISION (31% for imatinib
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arm and 29% for dasatinib). Also, the median dose at 3 years remains as intended for all
treatment arms and drops slightly after 3 years for the higher-dose imatinib and dasatinib
arms, suggesting that most patients can tolerate treatment as intended with adequate support
in a dedicated CML clinic.

Our analysis should be considered with the caution warranted for comparisons across several
studies over different (some sequential, other simultaneous) time periods. However, all of
these studies were conducted at the same center, with the same eligibility criteria and follow-
up. The rules used to manage these patients, in terms of monitoring, dose adjustments, and
others were uniform, and the studies were all conducted prospectively. Thus, in the absence
of a randomized trial comparing these treatment modalities, an analysis such as the one
presented here might offer the best opportunity to define whether there might be differences
in outcome between different treatment options. Furthermore, the median age of our patients
was 49 years and 69% had low sokal risk score, characteristics that may suggest this
population may not be fully representative of the global CML population. Also, molecular
testing was not routinely done at 3 months in the early years of TKI therapy but instead was
imitated when patients achieved complete cytogenetic response. Because of the nature of our
trials, this affected mostly patients treated with imatinib 400 mg. Our findings that these
patients have slower responses should be considered with caution because the lack of
molecular testing at 3 months mostly affected this cohort. We tried to address this by using
cytogenetic analysis that was routinely done, considering the established close correlation
with cytogenetic analysis (i.e., BCR-ABL/ABL <10% is grossly equivalent to a major
cytogenetic response). The impact that these differences may have in the generalizability of
our findings and conclusions is unknown and should be taken in consideration.

Treatment selection for an individual patient is a complex decision that is affected by
multiple factors, including availability, cost, familiarity with the drug, schedule of
administration, risk factors for certain expected adverse events with a given agent, and
others. Our results suggest that excellent results can be obtained with any of the options used
particularly imatinib 800, dasatinib and nilotinib. The flexibility provided by the favorable
results seen with all these options offers the physician the opportunity to select among
several good approaches.

In conclusion, excellent results are obtained with all TKI modalities with a suggestion that
patients treated with imatinib 800, dasatinib or nilotinib exhibited better long term response
and outcomes as compared to imatinib 400, and higher proportions of patients who received
imatinib discontinued treatment. With adequate management, transformation to accelerated
and blast phase and death from CML is now rare with these treatment modalities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched Medline and PubMed specifically for original research articles published on
cytogenetic and molecular responses by different TKI modalities as frontline treatment
for patients with CML in chronic phase. We identified relevant research articles
(mentioned in reference section) which have demonstrated the superiority of dasatinib
and nilotinib in randomized clinical trials in terms of response. We have also quoted
studies which have documented deep impact on outcomes of early cytogenetic and
molecular responses to TKI’s in frontline therapy of CML in chronic phase, which
formed the basis for this study.

Added value of this study

This study provides insight into long term responses and outcomes of patients with
chronic phase CML and provides a comparison of 4 commonly used TKI modalities.
Since previous reports have compared only Imatinib 400 with either imatinib 800,
dasatinib or nilotinib in randomized trials, our study provides a comparative analysis of 4
TKI modalities after a long follow up at a single center.

Implications of all the available evidence

We have identified that compared to imatinib 400, treatment with imatinib 800 or
dasatinib or nilotinib is similar in terms of achieving durable and sustained cytogenetic
and molecular responses and impacts patient outcomes to a similar degree.
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Figure 1. Long term outcomes according to four TKI modalities (Imatinib 400, Imatinib 800,
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months in imatinib 400 and 800 respectively C) Transformation free survival (TFS); median
survival not reached in all and D) Overall survival (OS); median survival not reached in all 4

TKI modalities. Corresponding Hazard ratios for each outcome according to TKI modality
are shown in univariate analysis in Table-2, supplemental tables 1, 2 and 3 for EFS, FFS,

TFS and OS respectively.
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A) Achievement of complete cytogenetic response (CCyR) (0% Ph-positive metaphases),
percentages (top) and absolute numbers of evaluable patients (bottom) are shown for
imatinib 400, imatinib 800, dasatinib and nilotinib respectively B) Achievement of major
molecular response (MMR) (0.1% BCR-ABL-IS) percentages (top) and absolute numbers
of evaluable patients (bottom) are shown for imatinib 400, imatinib 800, dasatinib and
nilotinib respectively. Of note for imatinib 400 group, number of patients with available
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PCR values were (0 and 5 at 3 and 6 months respectively) C) Achievement of molecular
response (MR4.5) (<0.0032% BCR-ABL-IS).
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— A) Achievement of major cytogenetic response (MCyR) (£35% Ph-positive metaphases).
B) Achievement of optimal molecular response (<10% BCR-ABL-IS) at 3 and 6 months
(1% BCR-ABL-IS). Absolute numbers of evaluable patients were (68, 66) for imatinib
400, (200, 195) for imatinib 800, (103, 103) for dasatinib and (105, 102) for nilotinib at 3
and 6 months respectively. Of note for imatinib 400 group, number of patients with available
PCR values were (0 and 5 at 3 and 6 months respectively) C) Pattern of median BCR-ABL
transcript levels over time (3, 6, 9, 12, 18, 24, 36 and 60 months) by TKI modality (log
scale). Patients with imatinib 400 were not evaluable at 3 months due to lack of molecular

data.
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Causes of discontinuation according to duration of therapy among different TKI modalities.

Table 3

% (Imatinib400/Imatinib800/Dasatinib/Nilotinib)
Causes of discontinuation
<12 months (%) | >12-24 months (%) | >24-36 months (%)

Overall (11,9,7,15) (7,13,4,0) (4,42,2)
Resistance (31,0,1) (3,2,1,0) (31,21)
Toxicity (4,2,2,5) (1,2,2,0) -
Resistance + Toxicity 0,2,2,2) (0,1,1,0) (1,1,0,0)
Blast phase (4,1,0,3) (0,1,0,0) -
Deaths (0,1,0,1) - (0,1,0,0)
Patient Choice (0,0,3,0) - -
Insurance/Financial (0,1,0,2) - 0,1,0,1)
Non compliance 0,1,1,2) (3,0,0,0) -
Stem cell transplant (0,1,0,0) - -
Other medical condition (0,1,0,0) - -
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