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Summary

BACKGROUND—The safety and efficacy of frontline nilotinib and dasatinib in newly 

diagnosed chronic-phase chronic myelogenous leukemia (CML-CP) patients with pre-existing 

liver and/or renal dysfunction are unknown.

PATIENTS and METHODS—We analyzed adverse event rates, response rates, and survival 

rates of 215 CML-CP patients with or without renal and/or liver dysfunction who were treated 

with front-line nilotinib (108 patients) or dasatinib (107 patients).

RESULTS—Overall median follow-up was 49 months. At baseline, 6 (6%) dasatinib-treated 

patients had mild renal dysfunction and 13 (12%) had mild liver dysfunction. Eight (7%) nilotinib-

treated patients had mild renal dysfunction, 1 (1%) had moderate renal dysfunction, and 9 (8%) 

mild liver dysfunction. There were no significant differences in the rates of complete cytogenetic 

response, major molecular response, or MR4.5 between organ function cohorts. Dasatinib- or 

nilotinib- treated patients with baseline renal dysfunction had a higher incidence of transient 

reversible acute kidney injury (p=0.011; p<0.001), and nilotinib-treated patients with renal 

dysfunction had a higher incidence of bleeding (p<0.001).
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CONCLUSION—CML-CP patients with mild to moderate renal or liver dysfunction can be 

safely treated with frontline dasatinib or nilotinib and can achieve response rates similar to those 

of CML-CP patients with normal organ function.

Keywords

nilotinib; dasatinib; chronic myelogenous leukemia; liver dysfunction; renal dysfunction

Introduction

Nilotinib and dasatinib—orally administered selective tyrosine kinase inhibitors that target 

BCR-ABL kinase and several other kinases1–3—are standard frontline treatments for 

patients with chronic myeloid leukemia (CML).4–14 In the phase 3, randomized, open-label, 

multicenter ENESTnd trial (Evaluating Nilotinib Efficacy and Safety in Clinical Trials-

Newly Diagnosed Patients) and the multinational randomized DASISION trial (DASatinib 

versus Imatinib Study In treatment-Naïve CML patients), the efficacy and safety of nilotinib 

and dasatinib was compared with that of imatinib in patients with newly diagnosed CML in 

chronic phase (CML-CP).6 Analysis of long-term follow-up data confirmed that, compared 

with imatinib, nilotinib and dasatinib induced a higher rate of molecular responses, 

responses were deeper and were achieved faster, and were associated with fewer instances 

of progression to accelerated or blast phases in patients with newly diagnosed CML-

CP.7, 8, 9, 10

Nilotinib and dasatinib are well absorbed orally with 31% and 19% bioavailability, 

respectively and are mainly metabolized by liver through oxidation and hydroxylation via 

CYP3A4 to primarily inactive metabolites excreted to bile duct.15, 16 Although both drugs 

are generally well tolerated, both can cause various hematologic and nonhematologic 

adverse events. In the ENESTnd trial, common nonhematologic adverse events observed wit 

nilotinib included rash, headache, nausea, alopecia, pruritus, myalgia, fatigue, and vomiting. 

Common biochemical abnormalities included increased levels of total bilirubin, aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), 

amylase, lipase, and creatinine.6 In the DASISION trial, fluid retention (including pleural 

effusion), myalgia, nausea, diarrhea, vomiting, rash, headache, and fatigue were observed 

with dasatinib.10 Grade 3 or 4 biochemical abnormalities included elevated levels of AST, 

ALT, total bilirubin, and creatinine.9

ENESTnd and DASISION both had strict inclusion criteria including adequate renal and 

liver function. However, frequently patients present at the time of diagnosis of CML with 

mild to moderate liver or renal dysfunction. There is no currently available data on the 

safety and efficacy of nilotinib and dasatinib in this patient population. The purpose of the 

present analysis is to determine the safety and efficacy of nilotinib and dasatinib in CML-CP 

patients with pre-existing liver and/or renal dysfunction.
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Methods

Patients

For this analysis we included 215 consecutive previously untreated CML-CP patients 

enrolled in concomitant phase 2 clinical trials of dasatinib or nilotinib between May 2005 

and October 2012 at MD Anderson Cancer Center. 4, 10 These trials were registered at 

www.clinicaltrials.gov as NCT00254423 and NCT00129740. The starting doses of nilotinib 

and dasatinib were 400 mg twice daily, and 100 mg daily or 50 mg twice daily, respectively. 

Inclusion criteria of the clinical trials included Philadelphia chromosome positive or BCR-

ABL positive CML-CP diagnosed within 12 months before enrollment. CP was defined as 

<15% blasts, <20% basophils, and <30% blasts and promyelocytes in the blood or bone 

marrow; no extramedullary disease; and platelet count > 100 × 109 /L (unrelated to therapy). 

Patients were also required to be at least 15 years old, have an Eastern Cooperative 

Oncology Group performance status of 0–2, and have a total bilirubin ≤1.5 x the upper limit 

of normal (ULN), an ALT ≤2.5 x ULN, and creatinine ≤1.5 x ULN. All patients signed an 

informed consent that had been approved by the Institutional Review Board in accordance 

with the Declaration of Helsinki.

Classification of Renal and Liver Function

Renal function and liver function were classified according to guidelines from the National 

Cancer Institute Organ Dysfunction Working Group. Creatinine clearance (CrCl) was 

estimated with the Modification of Diet in Renal Disease (MDRD) method from the national 

kidney disease education program [estimated glomerular filtration rate (mL/min/1.73 m2) = 

175 × (Scr)−1.154 × (Age)−0.203 × (0.742 if female) × (1.212 if African American)].17 Normal 

renal function was defined as a CrCl of ≥60 mL/min; mild renal dysfunction as a CrCl of 

40–59 mL/min; moderate renal dysfunction as a CrCl of 20–39 mL/min; and severe renal 

dysfunction as a CrCl of ≤20 mL/min. Normal liver function was defined as a total bilirubin 

level ≤ULN and an AST level the ≤ULN; mild liver dysfunction as a total bilirubin level 

≤1.5 x the ULN and an AST level > ULN; moderate liver dysfunction as a total bilirubin 

level 1.5 to 3.0 x the ULN and an AST level of any value; and severe liver dysfunction as a 

total bilirubin level > 3.0 x the ULN and an AST of any value.

Monitoring and Assessment of Response

Hematologic, cytogenetic, and molecular response criteria were defined as described 

previously.18, 19 Briefly, a complete hematologic remission was defined as normalization of 

the bone marrow (less than 5% blasts) and peripheral blood (white blood cell count <10 × 

109/L and no peripheral blasts, promyelocytes, or myelocytes) for at least 4 weeks. 

Complete cytogenetic responses were based on the absence of Philadelphia chromosome–

positive metaphases with at least 20 metaphases analyzed. Major molecular response 

(MMR) and MR4.5 was defined as a BCR-ABL/ABL ratio of ≤0.1% and ≤0.0032% on the 

international scale (IS), respectively. Molecular response 4.5 (MR4.5) was defined as BCR-

ABL/ABL ratio ≤0.0032% IS.
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Survival

Survival duration was measured from the start of nilotinib or dasatinib until death from any 

cause, and patients who were alive at the end of the study period were censored at the date 

of last follow-up. Event-free survival (EFS) was calculated from the start of nilotinib or 

dasatinib to loss of complete hematologic response, loss of major cytogenetic response, 

transformation to accelerated or blast phase, or death from any cause. Failure free survival 

(FFS) was calculated from the start of nilotinib or dasatinib to discontinuation or switch to 

another treatment for any reason. Treatment failure survival (TFS) was calculated from the 

start of therapy to transformation to AP or BP, or death. For EFS and PFS, patients who 

discontinued therapy for other reasons (e.g., noncompliance, financial issues) or who were 

lost to follow-up were censored at the date of last treatment, and patients who were still 

receiving either agent at the end of the study period were censored at the date of last follow-

up. Telephone surveys were conducted to determine whenever possible the reasons patients 

were lost to follow-up.

Statistical Analysis

The primary objective of the present study was to analyze the toxicity profiles and response 

rates of nilotinib- or dasatinib-treated CML-CP patients with normal organ function or liver 

and/or renal dysfunction. Secondary endpoints included 4-year FFS, TFS, EFS and OS rates. 

The Fisher exact test and Mann-Whitney U test were used to assess differences between 

groups. The main analysis for the primary and secondary endpoints was performed in the 

intention-to-treat population. Four-year FFS, TFS, EFS and OS rates were estimated using 

the Kaplan-Meier method and analyzed using the log-rank test. All reported P values were 

2-sided, and P values <0.05 were considered statistically significant. Cox proportional 

hazards regression for survival was used for univariate (UVA) and multivariate analysis 

(MVA). Statistical significant variables with UVA were proceeded to MVA. All statistical 

analyses were performed using the SPSS version 22 software program.

Results

Patients

The median follow-up duration was 49 months (range, 3–93 months). The clinical 

characteristics of all patients are summarized in Table 1. A total of 15 (7%) patients had 

renal dysfunction (14 mild, one moderate) and 22 (10%) liver dysfunction. Per the study’s 

eligibility criteria, patients with severe liver dysfunction were excluded from the studies. 

One patient in each cohort had both mild renal and mild liver dysfunction. According to 

treatment received, 6 (6%) of the 107 dasatinib-treated patients had mild renal dysfunction 

and 13 (12%) had mild liver dysfunction. Among the 108 patients treated with nilotinib, 8 

(7%) had mild renal dysfunction, 1 (1%) moderate renal dysfunction, and 9 (8%) mild liver 

dysfunction. The median age at diagnosis was significantly higher in the renal dysfunction 

cohort (59 years) compared to those with normal liver and renal function or with liver 

dysfunction (48 and 46 years, respectively; p<0.001). Of the 15 patients with pre-existing 

renal dysfunction, 10 (67%) had low and 5 (33%) intermediate Sokal risk scores. Of the 22 

patients with pre-existing liver dysfunction, 18 (82%) had low, 3 (14%) intermediate, and 1 

(5%) high Sokal risk scores.20, 21
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Changes in Kidney Function after Dasatinib or Nilotinib Treatment

As a group, patients with pre-existing renal dysfunction generally maintained stable their 

renal function (Figure 1). Patients with baseline renal dysfunction who were treated with 

dasatinib or nilotinib had a higher incidence of all grade acute kidney injury, occurring in 3 

(50%) and 6 (67%) patients, respectively, compared to those with normal organ function (8 

−9% and 11 −12%; p=0.011; p<0.001, respectively).

Of the 107 patients treated with dasatinib, 13 (12%) developed all grades renal toxicities as 

follows: 8 (9%) had normal baseline organ function, 2 (15%) had baseline liver dysfunction 

and 3 (50%) had baseline renal dysfunction. Of the 6 patients with pre-existing renal 

dysfunction in dasatinib cohort, 3 (50%) had transient decreases in their estimated GFR 

from a median of 53 mL/min (range, 49–59 mL/min) at baseline while maintaining mild 

renal dysfunction. Worsening renal function among these 13 patients was usually transient 

with 12 patients recovering with oral hydration; 1 patient required temporary discontinuation 

of dasatinib for 5 days with complete resolution of kidney function, and later tolerated 

recommencement of dasatinib therapy at the same dose.

Of the 108 patients treated with nilotinib, 18 (17%) experienced all grades kidney toxicities 

as follows: 11 (12%) had normal baseline organ function, 1 (11%) had baseline liver 

dysfunction and 6 (67%) had baseline renal dysfunction. Of 18 patients who had renal 

toxicities, 16 patients recovered with oral hydration without nilotinib interruption, and 2 

patients required transient discontinuation of nilotinib for 5 days and 7 days, respectively, 

which resulted in complete recovery of renal function; these 2 patients tolerated the same 

dose of nilotinib upon resumption of therapy. Of the 9 patients who had mild or moderate 

renal dysfunction at the start of nilotinib treatment, 6 (67%) developed transient or persistent 

worsening renal dysfunction. This was reflected by a decrease in these patients’ median 

estimated GFR from of 52 mL/min (range, 30–57 mL/min) at baseline. Eight patients (89%) 

maintained mild renal dysfunction, and 1 patient (11%) progressed to moderate renal 

dysfunction.

Changes in Liver Function after Dasatinib or Nilotinib Treatment

Patients with liver dysfunction who were treated with dasatinib or nilotinib did not have a 

significantly higher incidence of all grade liver toxicity compared to those with normal 

organ function or renal dysfunction (p=0.459; p=0.723). Their bilirubin, ALT and AST 

levels remained generally unchanged throughout the study period (Figure 2).

In the dasatinib cohort, 58 patients (54%) developed all grade liver toxicities including 45 

(51%) who had normal baseline organ function, 10 (77%) who had baseline liver 

dysfunction and 4 (67%) who had baseline renal dysfunction. One patient who developed 

liver toxicity had both pre-existing liver and renal dysfunction. Of the 13 patients with mild 

liver dysfunction at the start of dasatinib treatment, 10 (77%) experienced transient grade 1 

liver toxicities, 3 (23%) had total bilirubin elevation, and 9 (69%) and AST/ALT/ALP 

elevation. Liver toxicities in these 58 patients resolved without medical intervention, 

interruption, or dose reduction of dasatinib.
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In the nilotinib cohort, 87 (81%) developed liver toxicities: 72 (79%) who had normal 

baseline organ function, 8 (89%) with baseline liver dysfunction and 7 (78%) with baseline 

renal dysfunction. Grade 3/4 hyperbilirubinemia was observed in 8 (9%) in the group with 

normal baseline organ function, and was not observed among patients with baseline renal or 

liver dysfunction. Of 9 patients with pre-existing liver impairment, 8 (89%) had grade 1/2 

liver toxicities without episodes of grade 3/4 liver toxicities. Among the 12 patients who 

developed grade 3/4 liver toxicities, 8 required nilotinib interruption with median duration of 

18 days (range, 3–64 days), and required dose reduction of nilotinib. Four of these 12 

patients with grade 3/4 liver toxicities had isolated indirect-predominant hyperbilirubinemia.

Other Toxicity Profile

We then analyzed the overall toxicity profiles of patients with or without pre-existing organ 

dysfunction who were treated with dasatinib (Table 2) or nilotinib (Table 3). Treatment was 

generally well tolerated. Overall, 44 patients (24%) in the normal organ function cohort and 

12 (33%) in the organ dysfunction cohort discontinued therapy, including 1 patient with 

both renal and liver dysfunction.

Of 44 patients with normal organ function who discontinued therapy, 22 patients (50%) 

discontinued due to progression or resistance including 5 patients who required multiple 

dose reductions due to myalgia (1 patient), liver function test abnormalities (1 patient), 

thrombocytopenia (1 patient), and neutropenia (2 patients); 4 (9%) due to death including 1 

from cardiovascular event while on dasatinib, 1 from a cardiovascular event while on 

nilotinib, 1 due to sepsis (on nilotinib), and 1 surgical complications after femur fracture; 4 

(9%) discontinued for non-compliance; 3 (7%) due to insurance issues; 1 (2%) due to patient 

choice after diagnosis of pancreatic cancer; and 10 patients (23%) due to adverse events 

including 3 (on dasatinib) due to pleural effusion, 2 pancreatitis (both on nilotinib), and 1 

each with congestive heart failure exacerbation (dasatinib), 1 myocardial infarction (on 

nilotinib), gastrointestinal hemorrhage (dasatinib), liver function test abnormalities 

(nilotinib), and pericarditis (nilotinib).

Of 7 patients with liver dysfunction, 3 patients (43%) discontinued front-line therapy due to 

resistance, 1 (14%) due to insurance issues, 1 (14%) for non-compliance and 2 (28%) for 

adverse events including 1 patient who had generalized weakness while on nilotinib, and 1 

patient who had pleural effusion while on dasatinib. Of 6 patients with renal dysfunction, 1 

(17%) discontinued due to resistance after multiple dose reduction related to liver function 

test abnormalities, 1 (17%) died from sepsis (with normal neutrophil count while on 

nilotinib), and 4 patients (67%) discontinued for adverse events including 2 with pleural 

effusion (both on dasatinib), 1 with generalized weakness (nilotinib), and 1 due to acute 

kidney injury (nilotinib). One patient with renal and liver dysfunction discontinued due to 

generalized weakness while on nilotinib.

The dosage of nilotinib and dasatinib at 12, 24, 36, 48, and 60 months is shown on Tables 4 

and 5. Among patients with normal baseline organ function, 60 months after the start of 

therapy, 12 (44%) maintained their dose of dasatinib at 100 mg/day and 16 (55%) the 

planned daily dose of nilotinib of 800 mg. This compares to 0 (0%), and 3 (38%) for 
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dasatinib (p=0.757); and 2 (100%), and 3 (75%) for nilotinib (p=0.181) for patients with 

renal and liver dysfunction, respectively.

Two patients with renal dysfunction who received nilotinib experienced grade 3 or 4 

bleeding in the setting of normal platelet counts; both had gastric ulcers (one of them 

associated with use of nonsteroidal anti-inflammatory agents) requiring blood transfusions.

Responses and Survival

Although patients with renal or liver dysfunction tended to have more treatment 

interruptions and dose reductions than patients with normal liver function, the BCR-

ABL/ABL <10% on the international scale at 3 months, cumulative response within 1 year 

of TKI and best cumulative response rates of these groups did not differ significantly (Table 

6). A CCyR was achieved in 167 (93%) patients with normal organ function and 20 (91%) 

and 13 (87%) with liver or renal dysfunction, respectively. Similarly, MMR was achieved in 

154 (86%) patients with normal organ function and 19 (86%) and 12 (80%) with renal or 

liver dysfunction, and a MR4.5 was achieved in 124 (69%) patients with normal organ 

function and 9 (60%) and 14 (64%) with renal or liver dysfunction, respectively. Twelve 

months after the start of therapy, 166 patients (92%) with normal organ function, 20 (91%) 

with liver dysfunction, and 13 (87%) with renal dysfunction had a CCyR (normal vs. liver, 

p=0.830; normal vs. renal p=0.354).

At the end of the study period 10 patients had died, including 3 (20%) of 15 patients with 

pre-existing renal dysfunction, 1 (5%) of 22 patients with pre-existing liver dysfunction, and 

7 (4%) of 180 patients with normal organ function (one patient had concomitant renal and 

liver dysfunction). Two patients with pre-existing renal dysfunction and 1 patient with both 

pre-existing renal and liver dysfunction that died had been treated with nilotinib. Their cause 

of death was respiratory failure due to recurrent aspiration pneumonia following extensive 

surgery for esophageal cancer in one (MR4.5 at the time of death), one died of non-

neutropenic sepsis (MMR at time of death), and one, with both renal and liver dysfunction, 

died of unknown cause after discontinuing TKI due to loss of insurance.

The estimated 4-year OS rate was 90% for patients with renal dysfunction, 94% for patients 

with liver dysfunction, and 96% for patients with normal organ function (P = 0.034) (Table 

7; Figure 3). These 3 groups had similar estimated 4-year EFS rates (93%, 88%, and 91%, 

respectively) (P = 0.728). The corresponding rates for 4-year FFS were 62%, 63% and 77% 

in patients with renal dysfunction, liver dysfunction and normal organ function, respectively 

(P = 0.461) and TFS were 100%, 93%, and 94%, respectively (P = 0.896).

Cox Regression Analysis

Multivariate Cox proportional hazards analysis for survival showed age at diagnosis (P 

<0.001; HR, 1.107; 95% CI, 1.053–1.163), and the achievement of CCyR (P <0.001; HR, 

0.037; 95% CI, 0.006–0.235) were associated with survival (Table 8). There was a trend for 

worse survival among patients with baseline renal dysfunction (P= 0.136; HR, 2.801; 95% 

CI, 0.723–10.853).
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Discussion

Our analysis suggests that nilotinib and dasatinib elicit similar response rates and tolerability 

among CML-CP patients with or without pre-existing liver and/or renal dysfunction. We had 

previously shown that imatinib therapy is generally safe and effective in patients with CML-

CP and pre-existing liver or renal dysfunction albeit with more frequent dose reductions.22 

No such data had been previously published with dasatinib and nilotinib. The DASISION 

and ENESTnd trials excluded patients with pre-existing liver or renal dysfunction. Inclusion 

criteria for DASISION included adequate hepatic function defined as total bilirubin ≤2.0 

times ULN, ALT and AST ≤2.5 times ULN, and adequate renal function defined as serum 

creatinine ≤3x ULN. The inclusion criteria for ENESTnd included aminotransferases, 

bilirubin, and creatinine that were no higher than 1.5x ULN. To our knowledge, this is the 

first study to describe the efficacy and safety of nilotinib and dasatinib in patients with pre-

existing renal or liver dysfunction compared to those with normal organ function.

The liver toxicity of TKIs is well recognized, with most of them having a low but significant 

incidence of liver AEs, including single-digit rates of grade 3/4, occasionally leading to 

treatment discontinuation. The renal toxicity of these agents is less well recognized. We 

recently reported that over the course of therapy there is a decline in GFR among patients 

treated with imatinib, but not among those treated with dasatinib or nilotinib.23 Increased 

events of acute kidney injury were observed in patients with pre-existing renal dysfunction. 

These events were mostly reversible with hydration or transient cessation of TKIs. Since 

nilotinib and its metabolite are not renally excreted, and less than 4% of dasatinib and its 

metabolite are renally excreted, a decrease in renal clearance due to modestly impaired renal 

function is not expected according to the prescribing information. 24, 25 It is important to 

underscore that despite the general safety of dasatinib and nilotinib in this analysis among 

patients with mild to moderate renal dysfunction receiving these agents as initial therapy for 

CML, 9 of the 15 (60%) patients with renal dysfunction had some worsening of renal 

function. Thus, patients with renal dysfunction need closer monitoring of renal function for 

dose adjustment or transient cessation.

Patients with mild baseline liver dysfunction tolerated the standard dose of nilotinib and 

dasatinib without increased incidence of adverse events. Pharmacokinetic analysis of 

dasatinib in patients with Child-Pugh class B or C liver function compared to patients with 

normal liver function showed that patients with Child-Pugh class B had decrease in dose-

normalized Cmax and Area Under the Curve (AUC) by 47% and 8%, respectively, and 

patients with Child-Pugh class C by 43% and 28%, respectively. The difference in Cmax 

and AUC were not clinically relevant, and dose adjustments were not recommended. 25 

Pharmacokinetic studies of nilotinib showed the mean AUC values were increased on 

average of 35%, 35%, and 56% in patients with Child-Pugh class A, B, and C, respectively. 

Therefore, a lower starting dose of nilotinib is recommended in patients with hepatic 

impairment. 24 Patients with liver dysfunction receiving TKI might need closer monitoring 

of liver function tests for toxicity monitoring.

Interestingly, two patients treated with nilotinib in the cohort with renal dysfunction 

experienced gastrointestinal hemorrhage leading to treatment discontinuation. Dasatinib is 
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associated with increased risk of bleeding among CML-CP patients in the absence of 

thrombocytopenia. Dasatinib inhibits platelet function by impairing arachidonic acid–and 

epinephrine-induced aggregation, but nilotinib has no detectable inhibitory activity.26 

However, the ENESTnd trial reported increased incidence of hemorrhage. Grade 3 or 4 

hemorrhage were observed in 3% of patients in the nilotinib 300 mg twice daily group, 4% 

in the nilotinib 400 mg twice daily group compared to 1% in the imatinib group.7 In our 

study, two nilotinib-treated patients with renal dysfunction had grade 3 or 4 bleeding, both 

from gastric ulcers. There is no clear evidence that nilotinib contributed to the bleeding in 

these patients.

Notwithstanding the limitations conferred by the small subsets of patients with organ 

dysfunction in the present study, we found no significant differences in the incidence of 

most nonhematologic toxicities between patients with normal organ function and patients 

with liver or renal organ dysfunction. Most patients with mild liver or renal dysfunction can 

be safely treated with nilotinib or dasatinib and can have an outcome equally favorable as 

those with no organ dysfunction.

There are several limitations in this study. First, the retrospective nature of this analysis 

potentially influenced some of the conclusions drawn from its findings. However, although 

the analysis was retrospective, the patients included in the analysis had been treated in 

prospective studies in which data were collected in real time. In addition, because these 

patients were treated in clinical trials, they were followed at specific interval, with frequent 

monitoring of the efficacy and safety of the agents. Second, there are small numbers of 

patients in each organ dysfunction group, and most patients had only mild renal or liver 

organ dysfunction. However, previous studies did not assess patients with organ dysfunction 

in a prospective fashion making THE information presented here valuable for the 

prescribing physician facing this clinical scenario. Importantly, this data should not be 

extrapolated to patients with more significant renal or liver dysfunction not represented in 

these cohorts. Additional studies are required to define the proper management of patients 

with moderate to severe organ dysfunction.

In conclusion, nilotinib and dasatinib are effective therapies for patients with CML-CP who 

present with pre-existing modest liver or renal dysfunction. However, patients with pre-

existing renal dysfunction who are treated with dasatinib or nilotinib have an increased risk 

of acute kidney injury, and patients with pre-existing renal dysfunction who are treated with 

nilotinib may be at an increased risk of bleeding. Nonetheless, most patients with mild liver 

dysfunction or mild or moderate renal dysfunction can be safely treated with dasatinib or 

nilotinib. Further studies to assess the safety and efficacy of dasatinib and nilotinib are 

needed for patients with more significant baseline organ dysfunction.
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Figure 1. 
Median values for the trend of renal function: (a) estimated GFR (mL/min/1.73m2) and (b) 

Creatinine (mg/dL) in each organ function group.
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Figure 2. Median values for the trend of liver function
(a) AST (IU/L), (b) ALT (IU/L) and (c) Total bilirubin (mg/dL) in each organ function 

group.
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Figure 3. 
(a) Failure-free, (b) transformation-free, (c) event-free, and (d) overall survival in each organ 

function group.
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Table 8

Multivariate Cox proportional hazards analysis for survival

Univariate Multivariate Analysis

P P HR 95% CI

Age at diagnosis <0.001 <0.001 1.107 1.053–1.163

Clonal evolution at diagnosis 0.702

Sokal risk score 0.582

Type of TKIs 0.108

Time from diagnosis to TKI 0.887

Presence of liver dysfunction 0.639

Presence of renal dysfunction 0.019 0.136 2.801 0.723–10.853

BCR-ABL <10% at 3 months 0.507

Response with a time-varying variable*

 CCyR 0.007 <0.001 0.037 0.006–0.235

 MMR 0.267

 MR4.5 0.091

 CMR 0.450

Abbreviations: HR, hazard ratio; CI, confidence interval; TKI, tyrosine kinase inhibitor; CCyR, complete cytogenetic response; MMR, major 
molecular response; MR4.5, molecular response by a 4.5 log reduction on the international scale; CMR, complete molecular response.

*
each variable was calculated for multivariate analysis separately.
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