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Abstract

Background—~Both dasatinib and nilotinib are approved frontline therapy for chronic myeloid
leukemia, chronic phase (CML-CP) based on randomized trials compared to imatinib. However,
no head to head comparison of dasatinib and nilotinib has been conducted in newly diagnosed
CML-CP patients.

Method—We conducted a propensity score (PS) matched comparison of patients with CML-CP,
who received front-line therapy by either dasatinib (N = 102) or nilotinib (N = 104) under the
respective phase Il trials conducted in parallel.

Result—PS matching resulted in 87 patients from each trial to be matched for pre-treatment
characteristics. The 3-month BCR-ABL1/ABL1 <10% rate was 93% with dasatinib and 94% with
nilotinib (p=0.25), respectively. Rates of major molecular response (MMR) at 12 months were
77% and 85% (p=0.13), respectively, and MR** at 36 months are 66% and 64% (p=0.96),
respectively. All other clinically relevant response were similar between the two treatment cohorts.
The 3-year probability of event-free survival was 89% in the dasatinib-treated patients and 87%
for those treated with nilotinib (p=0.99). Corresponding 3-year overall survival probabilities were
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99% and 93%, respectively (p=0.95). No statistical difference was observed between dasatinib and
nilotinib treated groups in any of the other survival endpoints. Treatment discontinuation rate was
also similar between the two cohorts (18% in dasatinib and 19% in nilotinib, P = 0.82).

Conclusion—In PS matched cohort of newly diagnosed CML-CP patients, dasatinib and
nilotinib offer similar response and survival outcomes. Both drugs can be considered as reasonable
standard of care options as a first line therapy in CML-CP patients.

Introduction

Chronic myeloid leukemia (CML) is a clonal myeloproliferative hematologic malignancy
characterized by the presence of the Philadelphia chromosome, which results from a
reciprocal translocation between chromosomes 9 and 22 [t(9;22)(q34;q11.2)]. This
translocation results in the generation of the BCR-ABL oncogene, a constitutively active
fusion protein, which results in unregulated cell proliferation and reduced apoptosis.
Introduction of BCR-ABL tyrosine kinase inhibitors (TKIs) in the treatment of CML has
dramatically improved outcomes of CML patients. Currently, there are three approved TKIs
as a frontline therapy for CML, namely imatinib, dasatinib and nilotinib. Compared to
imatinib, the second generation TKIs, dasatinib and nilotinib, are 100-300 fold more potent
and 10-100 fold more potent respectively in inhibiting BCR-ABL kinase activity.2 Previous
randomized clinical trials demonstrated that dasatinib achieved faster and deeper responses
in newly diagnosed chronic phase (CML-CP) patients than imatinib.3# Similarly, nilotinib
achieved higher rates of MR*® and responses occurred faster. These resulted in a reduced
incidence of progression to accelerated or blast phase compared to treatment with
imatinib.>:6 However, no head to head comparison of dasatinib and nilotinib has been
conducted in newly diagnosed CML-CP patients. In this study, we analyzed results of the
two single-institution, single arm clinical trials conducted in parallel, one using dasatinib
and the other nilotinib as frontline therapy for patients with CML-CP. We performed
propensity score matching to adjust for pre-treatment confounding factors. This allowed us
to compare the treatment efficacy and survival outcomes of dasatinib and nilotinib in
clinically well-matched cohort.

Patients and Methods

Studied Patients

We studied patients with newly diagnosed CML-CP, who received frontline therapy under
either one of two parallel single-arm, single-institution phase 1 trials (dasatinib trial:
NCT00254423, N = 107 or nilotinib trial: NCT00129740, N = 104). Both study were
conducted during the same period starting in 2005. Eligibility criteria of the two trials were
nearly identical and are described previously.”- In brief, the following eligibility criteria
were shared between the two trials: patients age 16 or older with CML-CP who were within
12 months of initial diagnosis and had received no or minimal prior therapy (defined as less
than 30 days of prior interferon-alpha (with or without cytarabine) and/or other TKI (i.e.
imatinib)); Eastern Cooperative Oncology Group (ECOG) performance status 0-2; adequate
cardiac, renal and liver function. Patients with accelerated or blast phase (AP/BP) CML
defined by MD Anderson Criteria were excluded from the dasatinib trial but eligible to the
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nilotinib trial; however all patients with accelerated phase are excluded from this analysis.®
Both treatment protocols were approved by the institutional review board at MD Anderson
Cancer Center and informed consent was obtained from all participants in accordance with
the Declaration of Helsinki.

In the dasatinib trial (N = 107), dasatinib was given either 50mg orally twice a day (N = 30)
or 100mg orally once a day (N =77). After 62 patients had been enrolled, the trial was
amended and all subsequent patients were treated with 100 mg once daily. In the nilotinib
trial (N = 104), nilotinib was administered at a dose of 400mg orally twice daily to all
patients.

Follow-up evaluation

Follow-up bone marrow aspiration with conventional cytogenetics was performed in all
study participants every 3 months in the first year and every 6-12 months thereafter.
Cytogenetics was assessed by conventional cytogenetic analysis of bone marrow cells using
the G-banding technique with analysis of at least 20 metaphases. Fluorescent in situ
hybridization (FISH) on peripheral blood was used only when routine cytogenetic analysis
was not successful (i.e. insufficient metaphases). Real-time polymerase chain reaction (PCR)
for BCR-ABL transcripts was performed every 3 months for the first 12 months, then every
6 months.

Definition of response, survival endpoints and toxicity

For this analysis, the following responses were analyzed at 12 months and 36 months from
the start of therapy: complete cytogenetic response (CCyR), major molecular response
(MMR: BCR-ABL1/ABL 1 ratio <0.1% by international scale [1S]19), MR40 (BCR-ABL1/
ABL 1 ratio < 0.01% by IS), and MR*> (BCR-ABL1/ABL I ratio < 0.0032% by 1S). Early
response to therapy defined as BCR-ABL1/ABL1<10% at 3 months was also assessed, as it
has been shown to be clinically relevant.1112 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. Event free survival (EFS) was defined as the time from start of treatment to the
date of any of the following events while on therapy: loss of complete hematologic response,
loss of major cytogenetic response, progression to accelerated or blast phase, or death from
any cause while on study. To complement the limitations of this definition, we also
measured the failure-free survival (FFS) that accounts for treatment discontinuation from
any reasons, in addition to the other events defined by EFS. Transformation free survival
(TFS) was defined as the time from the start of therapy to the date of transformation to
AP/BC while on therapy or to the date of last follow-up.

Statistical analysis

The chi-square or Fisher exact test was used to assess differences in categorical variables,
and the Mann-Whitney Utest was used to analyze continuous variables. The log-rank test
was used to examine between-group differences in various survival outcomes. The
propensity score (PS) for each patient was calculated by conducting multilogistic regression
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analysis against treatment category (dasatinib versus nilotinib) by entering the following
variables: age, white blood cell (WBC) counts, serum lactate dehydrogenase (LDH) level,
Sokal scorel3, serum creatinine, serum total bilirubin, and previous use of imatinib (<30
days).14 PS matching of the patient cohorts was then conducted using a caliper of 0.25
standard deviation1®16. More stringent caliper was also attempted but 0.25 gave the best
matching model. Statistical analyses were performed using the R statistical programming
language (version 3.1.3) and the SPSS software program (version 22; IBM Corporation,
Armonk NY).

Patient characteristics before matching

Clinical characteristics of the studied patients before matching are summarized in the
Supplemental Table 1. Some statistically significant differences between the two cohorts
were identified. Patients enrolled in the nilotinib trial had significantly higher serum lactate
dehydrogenase (LDH) levels (P = 0.02), higher serum creatinine (P = 0.04), and trend
toward higher white blood cell (WBC) count (P = 0.09). The number of patients who took
imatinib for less than 30 days prior to the studies was significantly higher in dasatinib trial
(P =0.04).

Response to treatment and survival comparison before matching

The median follow up period was 54 months (95% CI: 48-60 months) and 49 months (95%
Cl: 41-58 months) for the dasatinib and nilotinib treated groups, respectively (P = 0.69).
Clinically relevant treatment responses at each milestones were compared between the 2
trials before matching (Supplemental Table 2). There was a trend for a higher rate of BCR-
ABL 1 transcript < 10% at 3 months among patients treated with nilotinib (P = 0.08). No
significant differences were observed in other relevant response criteria.

There were also no significant differences in the various 3-year survival endpoints between
the two trials (Supplemental Table 3).

Patient characteristics in the matched cohort

Because of the clinical heterogeneity between the patients treated on each of the 2 trials, we
performed propensity matching to control pre-treatment characteristics. PS matching
resulted in matching of 87 patients in each trial. As shown in Table 1, pre-treatment
characteristics were well matched between the two groups after PS matching.

Response to the treatments in matched cohort

In the matched cohorts, median follow up of the dasatinib- and nilotinib-treated cohorts was
50.9 months (95% CI: 40.1-61.7) and 43.0 months (95% CI: 35.3-50.7), respectively (P =
0.56). Clinically relevant treatment responses at 3, 12, and 36 months milestone were
compared between the two cohorts (Table 2). The 3-month BCR-ABL1/ABL1 <10% rate
was 93% with dasatinib and 94% with nilotinib (p=0.25), respectively. Rates of MMR at 12
months were 77% and 85% (P = 0.13), respectively, and MR*> at 36 months were 66% and
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64% (P = 0.96), respectively. All other response criteria analyzed were similarly equivalent
between the two cohorts.

Long-term outcomes in the matched cohort

During the follow-up period, 3 patients died in the matched cohorts, 1 from the dasatinib
cohort (died from a second malignancy while in MMR) and 2 from the nilotinib cohort (one
died from pneumonia while in CMR and the other from unknown cause while in CCyR). Six
patients progressed to AP/BC of which 2 were from dasatinib group and 4 were from
nilotinib group. Sixteen (18%) patients in the dasatinib cohort and 17 (19%) in the nilotinib
cohort discontinued therapy (P = 0.82). Reason for treatment discontinuation were toxicity
(8 in dasatanib and 8 in nilotinib cohorts, respectively; P = 0.99), resistance to therapy (5 in
dasatinib and 8 in nilotinib cohorts, respectively; P = 0.39), and financial (4 in dasatnib and
1 in nilotinib cohorts, respectively; P = 0.37,Table 4). The 3-year probability of event-free
survival was 89% in the dasatinib-treated patients and 87% for those treated with nilotinib (P
=0.99). Corresponding 3-year overall survival probabilities were 99% and 93%, respectively
(P = 0.95). No statistical difference was observed between dasatinib and nilotinib treated
groups in any of the other survival endpoints (Table 3 and Figure 1A-D).

Adverse events in the matched cohort

Adverse events reported during the follow-up period were compared between dasatinib and
nilotinib (Table 5). Significant differences in adverse event profile were observed between
the two treatments. Overall, dasatinib was associated with higher incidence in cytopenia,
respiratory symptoms, gastrointestinal related symptoms, neurological symptoms, and
pleural effusion, whereas, nilotinib was associated with higher incidence in elevated liver
enzymes and bilirubin levels. Two cardiovascular events were reported in patients treated
with nilotinib, of which one patient experienced acute myocardial infarction and another
patient with peripheral vascular disease.

Discussion

In this study, we compared the efficacy and long-term outcomes of dasatinib and nilotinib as
frontline therapy for patients with newly diagnosed CML-CP by comparing two phase 2
trials conducted in parallel. Raw comparison of the two trials showed that both treatment
offers grossly equivalent response rate and survival outcomes, although there was a non-
statistical trend toward faster response to achieve BCR/ABL < 10% at 3 months by nilotinib
(P = 0.08). However, after propensity matching, this difference was not observed and there
was no significant difference between dasatinib- and nilotinib-treated group in response rate
and survival outcomes.

Dasatinib and nilotinib, both considered as second generation TKIs, are currently approved
for both salvage and frontline therapy of patients with CML. Although both have been
compared to imatinib in randomized trials, no direct comparison has been performed of
these two agents in the salvage or frontline settings. In the DASISION phase 3 randomized
trial, dasatinib 100 mg/day was compared to imatinib 400 mg/day as a frontline therapy for
CML-CP patients.3 At 3-years, dasatinib induced cumulative rate of MMR, MR#, and MR*°
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in 69%, 35%, and 22%, respectively, while the same endpoints were achieved with imatinib
in 55%, 22%, and 12%, respectively (P < 0.001, P = 0.0064, and P = 0.0007, respectively).11
Similarly, the ENESTnd trial compared nilotinib 600 mg/day and 800 mg/day to imatinib
400 mg/day as a frontline therapy for CML-CP patients. MMR, MR*0, and MR** at 3 years
were 73%, 50%, and 32%, respectively, with nilotinib 600 mg/day, 70%, 44%, and 28%,
respectively, with nilotinib 800 mg/day, all superior to the endpoints achieved by imatinib
400 mg/day (53%, 26%, and 15%, respectively).1” Both dasatinib and nilotinib induced
earlier responses and were associated with fewer transformations to accelerated phase and
blast phase compared to standard dose imatinib. Based on these results, both nilotinib and
dasatinib were approved for frontline treatment in CML-CP patients by various regulatory
agencies including US Food and Drug Administration (FDA). Today, having three possible
options, treating physicians choose first-line TKIs based on several factors including but not
limited to, efficacy, physician’s experience, toxicity profiles, patient comorbidities, and
financial aspects.1®

To date, no randomized trial has been conducted to compare dasatinib and nilotinib.
Signorovitch et. al. previously conducted matching-adjusted indirect comparison of
dasatinib and nilotinib using the published data from DASISION and ENESTnd trials.19-21
In their study, they reported that nilotinib was associated with significantly higher rates of
MMR, MR*0, and MR** at 12 months and superior overall survival compared to dasatinib.
However, this analysis included several limitations: 1) individual patient data were not
available from the DASISION trial and the study used published data for comparison, 2) the
study did not adjust for risk scores in the matching process, because ENESTnd study and
DASISION study used different prognostic score, and 3) different ethnic groups of patients
were treated in the 2 trials because ENESTnd accrued patients mostly from United States
and United Kingdom, whereas DASISION study enrolled patients mainly from Asia,
Australia, Europe, Russia and South America.

While there is no substitute for a head-to-head randomized trial, our study provides the “next
best” comparative analysis of the available evidence for dasatinib and nilotinib as the initial
treatment for patients with newly diagnosed CML-CP. The two trials compared in this study
were conducted at the same institution in parallel. Patients were treated by the same group of
investigators, following identical guidelines, and using the same laboratory for cytogentic
and molecular analysis. All individual patient data were available from the two trials and we
adjusted for multiple clinical parameters including Sokal risk scores. Further, we compared
data of reported adverse events. Based on our results, both dasatinib and nilotinib provided
excellent results in CML-CP patients and there was no evidence of a difference in clinically
relevant treatment responses or long-term survival endpoints. However, there was significant
difference in adverse event profiles between desatinib and nilotinib, while treatment
discontinuation rate was similar between the two drugs. Collectively, our study suggests that
both dasatinib and nilotinib are reasonable standard of care options for newly diagnosed
CML-CP patients and choice of drug can be made based on other factors such as toxicity
profiles, co-morbidities, physicians’ experience and treatment schedule.

There are some limitations in the current analysis. First, nilotinib was given as 400 mg twice
daily and not 300 mg twice daily which is the currently approved dose for newly diagnosed
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CML-CP patients. Therefore, the response and outcomes may not accurately reflect the
results expected from 300 mg twice daily. However, based on the analysis from ENESTnd
trial, nilotinib 400 mg twice daily and 300 mg twice daily showed nearly equivalent
response and survival outcomes.® Therefore, we believe that we can still extrapolate our data
to the real-world clinical decision-making. Second, PS matching cannot match factors that
are not measurable or latent variables. Still, in the absence of a randomized trial, we believe
our method provides the best available evidence for the comparison (suggesting based on
our results, the likely equivalence) of dasatinib and nilotinib. Third, the current cohort is
somewhat biased toward low risk patients. In the matched cohort, more than 70% of the
patients were Sokal low risk. This is in contrast to DASSISION and ENESTnd trials by
which 33% and 37%, respectively, was low risk patients. These difference likely account for
the better outcome observed in the current analysis.

In conclusion, our results suggest that dasatinib and nilotinib offer similar response and
survival outcomes in newly diagnosed CML-CP patients. Both drugs can be considered as
reasonable standard of care options as a first line therapy in CML-CP patients. A prospective
randomized trial to confirm these results is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Condensed abstract

This propensity score matching analysis of parallel phase Il trials found that both
dasatinib and nilotinib offers equivalent response rate and long-term outcome in CML-CP
patients when used as a frontline therapy.

This study suggests that both treatment options are reasonable choice as a frontline
therapy and choice of drug can be made based on factors such as toxicity profiles, co-
morbidities, physicians’ experience and treatment schedule.
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Comparison of various survival endpoints between patients who were treated with dasatinib
and nilotinib in matched cohort. (A) Overall survival. (B) Event free survival. (C)
Transformation free survival. (D) Failure free survival.
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Pretreatment characteristics of CML-CP patients treated with dasatinib and nilotinib after PS matching.

Table 1

Dasatinib (N =87) | Nilotinib (N =87) | P value
Median age 49 (19-79) 47 (17-80) 0.87
Age = 65 6(7) 6 (7) 1.00
Female 37 (43) 38 (44) 0.85
Sokal Score Group
Low 69 (79) 66 (76)
Intermediate 14 (16) 15 (17) 0.78
High 4(5) 6 (7)
WBC, x103/uL 23.9 (0.8-193.0) 39.8 (1.4-342.5) 0.51
HGB, g/dL 11.9 (8.8-16.2) 12.4 (8.9-15.8) 0.65
PLT, x103/uL 337 (86-1906) 322 (73-1356) 0.92
BM blast % 2 (0-6) 2(0-7) 0.53
BM blast > 5 % 3(4) 3(4) 1.00
LDH, IU/L 894 (393-3648) 1097 (252-3467) 0.37
CRE, mg/dL 0.9 (0.6-1.3) 0.9 (0.6-1.3) 0.27
TBIL, mg/dL 0.4 (0.2-3.4) 0.4 (0.1-1.3) 0.54
ALB, mg/dL 4.4 (3.7-5.5) 4.4 (3.3-5.5) 0.79
AST, IU/L 32 (14-121) 36 (12-101) 0.65
ALT, IU/L 25 (12-154) 27 (11-84) 0.94
BCR-ABLL, IS 14.1 (0.04-35.4) 14.1 (0.01-35.4) 0.68
BCR-ABL1 type
b2a2 32(37) 34 (39)
b3a2 32(37) 37 (43)
b3a3 1(1) 0 (0) 0.74
b2a2 + b3a2 21 (24) 15 (17)
ela2 1(1) 1(1)
Previous use of
imatinib (<30 17 (19) 14 (16) 0.55
days)
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NOTE: The numbers are shown in either No. (%) or median (range) style; WBC, white blood cell count; HGB, hemoglobin; PLT, platelet count;
BM, bone marrow; LDH, lactate dehydrogenase; CRE, creatinine; TBIL, total bilirubin; ALB, albumin; AST, aspartate transaminase; ALT, alanine
transaminase; IS; international scale.
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Treatment response among the matched patients with CML-CP treated with dasatinib and nilotinib.

No. (%) P value

Dasatinib | Nilotinib

(N=87) | (N=87)
Response at 3 months
BCR/ABL1<10% | 81 (93) | 82 (94) | 0.25
Cumulative response at 12 months
MRA0 42.(48) | 44(51) 0.88
MR#45 31 (36) 37 (43) 0.34
MMR 67 (77) 74 (85) 0.13
CCyR 82 (94) 82 (94) 0.51
Cumulative response at 36 months
MR40 60 (69) 62 (71) 0.73
MR#45 57 (66) 56 (64) 0.96
MMR 77 (89) 80 (92) 0.17
CCyR 82 (94) 82 (94) 0.51

Table 2
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NOTE: CCyR: Complete cytogenetic response, MMR: Major molecular response (BCR-ABL1/ABL 1 ratio < 0.1% by international scale [IS]),

MR40: Molecular response with 4 log reduction (BCR-ABL1/ABL 1 ratio < 0.01% by IS), MR45; Molecular response with 4.5 log reduction
(BCR-ABL1/ABL1ratio < 0.0032% by IS)
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Table 3

Survival endpoints in matched cohort.

| Dasatinib | Nilotinib | P value

Survival at 3 years (%)

(0N 99 93 0.95
EFS 89 87 0.99
TFS 95 89 0.28
FFS 74 63 0.71

NOTE: OS, overall survival; EFS, event free survival; FFS, failure free survival; TFS, transformation free survival.
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Treatment discontinuation

Table 4

Dasatinib (N = 87)

Nilotinib (N = 87)

Treatment discontinuation, N(%0)

18 (21)

20 (23)

Reason for discontinuation, N (% among discontinued patients)

Toxicity 4(22) 6 (30)
Toxicity and resistance 2(11) 0 (0)
Resistance/Progression 6 (33) 5 (25)
Death 0(0) 1(5)
Financial 1(6) 4 (20)
Patient choice 3(17) 1(5)
Non-adherence 2(11) 3(15)
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Table 5

Adverse events profiles in matched cohort.

Page 17

Any grade Grade =23

Dasatinib (N =87) | Nilotinib (N=287) | P value | Dasatinib (N=87) | Nilotinib (N=287) | P value
Hematological abnormality
Neutropenia 7(8) 8(9) 0.5 4(5) 3(3) 0.5
Anemia 32(37) 7(8) <0.001 1(1) 0(0) 0.5
Thrombocytopenia 17(20) 5(6) 0.006 7(8) 4(5) 0.27
Biochemical abnormality
Elevated Bilirubin 3(3) 59(68) <0.001 0(0) 7(8) 0.007
Elevated ALT 10(12) 47(54) <0.001 0(0) 1(1) 0.5
Elevated AST 15(17) 38(44) <0.001 0(0) 1(1) 0.5
Elevated ALP 1(1) 3(3) 0.31 0(0) 0(0) NA
Hyperglycemia 1(1) 8(9) 0.017 0(0) 1(1) 0.5
Non-hematological AE
Fatigue 63(72) 38(44) <0.001 11(13) 1(1) 0.002
Weight loss 2(2) 1(1) 0.5 0(0) 0(0) NA
Anorexia 3(3) 3(3) 0.66 0(0) 0(0) NA
Flu like 4(5) 1(1) 0.18 0(0) 0(0) NA
Headache 42(48) 18(21) <0.001 4(5) 0(0) 0.06
Mucositis 6(7) 2(2) 0.14 0(0) 0(0) NA
Palpitations 8(9) 4(5) 0.19 0(0) 0(0) NA
Prolonged QTc 1(1) 2(2) 0.5 1(1) 0(0) 0.5
Cough 17(20) 1(1) <0.001 0(0) 0(0) NA
Dyspnea 49(56) 5(6) <0.001 8(9) 0(0) 0.003
Nausea 42(48) 20(23) <0.001 1(1) 1(1) 0.751
Vomiting 24(28) 6(7) <0.001 0(0) 0(0) NA
Diarrhea 51(59) 8(9) <0.001 4(5) 0(0) 0.06
Constipation 28(32) 8(9) <0.001 0(0) 0(0) NA
Pruritus 8(9) 22(25) 0.005 0(0) 0(0) NA
Acne 12(14) 2(2) 0.005 0(0) 0(0) NA
Erythema Multiforme 4(5) 1(1) 0.18 0(0) 0(0) NA
Dizziness 38(44) 45) <0.001 2(2) 0(0) 0.25
Sensory neuropathy 37(43) 2(2) <0.001 3(3) 0(0) 0.12
Memory impairment 39(45) 2(2) <0.001 5(6) 0(0) 0.029
Edema 37(43) 1(1) <0.001 0(0) 0(0) NA
Myalgia 39(45) 8(9) <0.001 7(8) 0(0) 0.007
Pleural effusion 18(21) 0(0) <0.001 0(0) 0(0) NA
Cardiovascular event 0(0) 2(2) 0.25 0(0) 1(1) 0.5
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