Population Pharmacokinetics of Bendamustine and Metabolites in Patients With Indolent Non-Hodgkin Lymphoma
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* Development of base models for bendamustine, M3, and M4 were performed

Introduction using an index data set: Final Model: Total Data Set

Table 2. Parameter Estimates and Standard Errors From the Bendamustine

Figure 2. Logarithm of Plasma Bendamustine Area Under the Curve Compared Interindividual variability was estimated on CL/F (347 L/hour),

Table 3. Summary Statistics of Exposure Measurements From the

Bendamustine Final Model Stratified by Covariate: Total Data Set to Logarithm of Cycle 1 Total Dose Overlaid With the Linear Regression: V.J/F (209 L), VP/.F (26.1 L), Q/F (6.60 L/hopr), duration of .O-
_ Models were evaluated using a smaller test data set. Final Parameter Estimate Magnitude of IV (% CV) Bendamustine Total Data Set order M3 formation (1.07 hours)? and lag time of metabolite
*  Bendamustineis abifunctional alkylating agentin development Population Final Number of 11 formation (0.198 hour). The magnitude of IIV on M3 CL/F and
as monotherapy and in combination with other agents in the — Parameters in each of the 3 models were reestimated using Mean SEM Estimate SEM Patients Mean Area Under Mean Cmax, © V/F were small (< 20% CV); IIV on V, was moderately larger
treatment of indolent non-Hodgkin lymphoma (NHL): a total data set. the Curve = SD + SD = (39% CV). Residual variability (37% CV) was similar to that of
Central Clearance 31.7 L/hour % 33.32 22% Gender 23 bendamustine.
- Synthesized to combine the activities of a * Individual patient exposures were estimated based on individual Bayesian model Central Volume of S £ 10
purine antimetabolite (benzimidazole) with the parameter estimates; these parameter values were used to compute appropriate Distribution 141 L 6% 15.56 69% Male 50 13,496 + 3915 ng X hOUF/mL 5963 + 1348 ﬂg/mL q=; _;E 1 b A l—compartment model with 0-order iIlpU.t and first-order
alkylating properties of the bifunctional measures of bendamustine drug exposure for each patient. _ Female 28 14,235 + 5567 ng x hour/mL | 5798 + 1478 ng/mL ?_3 2 ] elimination described the data for M4 in patients with NHL.
mechlorethamine nitrogen mustard!-2 P?"Rher_ﬁﬂ Volume of 0.920 L 8% 99 99 1% S — P Y N Fixed effect parameters were estimated on CL/F (3890 L/hour),
B Comverted in vivo o active metabolites: v . A dpg: proportiopality assessment.was perf(?rmed using?y exposure values based on Distribution 1 Age =2 7] V/F (3490 L), and duration of 0-order M4 formation (1.27 hours).
onverted 1 vivo fo active metabofites: y=hydroxy individual Bayesian parameter estimates using regression of the log-transformed Peripheral Volume of o o 16-64 years 54 13,650 + 4910 ng x hour/mL | 5928 + 1474 ng/mL < . Covariance between ITV on CL/F and ITV on V/F was 0.527. The
bendamustine (M3) and N-desmethyl bendamustine data.3 o 25.2 L 34% 66.78 52% <] :
M) ata. Distribution 2 65-74 15 14131 + 4446 hour/mL. N = - magnitude of IIV on M4 CL/F and V/F were moderately large
years 131+ ng x hour/mL {5905 % 1485 ng/mL 8 : - o
. Intercompartmental o 56 57 58 59 60 61 62 63 64 (< 90% CV). Residual variability (35% CV) was similar to that
«  The precise mechanism of action of bendamustine in humans Data Analys [AY Clearance 1 0.989 L/hour 9% NE NA > /9 years 9 13,815 £ 2255 ng X hour/mL | 5752 £ 543 ng/mL ' ' Log Cyéle g To;[al DOSé (mg) ' ' ' of bendamustine.
gfﬁy?zfisge;ggg characterized, although it differs from other *  Population pharmacokinetic analysis was completed using NONMEM® Intercompartmental 0.159 L/hour 259, NE NA Body. Surface B . The line represents a linear regression. Based on the corresponding pharmacokinetic models, the ITV of
spftware, Vers1(_)r} 6, Levgl 1.Q.4 Model parameters were estimated using the Clearance 2 Minimum-25th percentile 19 12,618 £4064 ng x hour/mL {5167 = 1181 ng/mL o —— AUC was 33% CV, 17% CV, and 44% CV, for bendamustine,
first order conditional estimation method with interaction. Residual Variability (% CV) 36% 189% NA NA 25th-50th percentile 29 13,258 + 3979 ng x hour/mL | 5616 + 1067 ng/mL_ Abbreviations: AUC = area under the curve M3, and M4, respectively. Interindividual variability of Cmax was
. 24% CV. 17% CV. and 49% CV for bendamustine. M3. and M4
Mini lue of the obiective function = 3009.938 50th-75th percentile 23 14,806 = 6013 ng x hour/mL | 6299 £ 1679 ng/mL . : : ] . ’ P ’
Methods Abbreviations. CV = eoelficient of varation: IV = interindividual variability: NA = not & . J J Figure 3. Measured M3 Concentrations Compared to Time Since Last Dose respectively.
Results applicable; NE = not estimated: /5th-maximum percentile| 14 | 14,387+ 2930 ng X hour/mL | 6706 + 993 ng/mL Overlaid With the Typical Value Median Population Predicted Profile - e for effect of
. e : : : . ere were no trends for effect of sex, age group, or race on
Objectives Figure 1. Measured Plasma Bendamustine Concentrations Compared to Time Hepatlo Function rom e S Siuoura Hoce: plalnata el exposure measures of bendamustine. =
* Develop separate population pharmacokinetic models for Bendamustine Data Description . Since Last Dose Overlaid With the Typical Value Median Population Normal function™ 52 13,346 + 3773 ng x hour/mL | 5792 + 1318 ng/mL 10,000.000 . . : : :
bendamustine, M3, and M4 to describe the pharmacokinetic . Th 347 bendamust rrations from 78 patient Predicted Profile From the Bendamustine Final Model: Total Data Set Mild dysfunctiont 26 14,592 + 5813 ng x hour/mL |6127 £ 1524 ng/mL 1000.000] & * » + Observed Data *  With BSA-based dosing, a trend for increasing exposure with
disposition of each analyte in patients with NHL ere were endamustine concentrations from 78 patients. — ' —— Median Population Predicted Profile increasing BSA category was observed. However, the study data
10,0000.0 Renal Function 100.000] Zea did not allow for a conclusive assessment of the effect of BSA on
e Perform covariate analysis of selected patient factors and . — = « « = Observed Data Normal function* 47 14,132 + 4584 ng x hour/mL | 6180 £ 1357 ng/mL 2 exposure measures of bendamustine.
laboratory values to explore sources of interpatient variability Table 1. Patient Characteristics %, 10,000.0 — Median Population Predicted Profile ——— S : J n ) %, 10.000
in bendamustine pharmacokinetic parameters and to assess Patients (%) Mean + SD j.c'; P Mild impairment 23 12,679+ 3976 ng X hour/mL | 5435 £ 1320 ng/mL % 1.000 * No notable differences were observed:
the pharmacokinetic disposition of bendamustine in special _ = 10000 Moderate impairment" 8 14,697 £ 5894 ng x hour/mL | 5626 £ 1522 ng/mL = | _ _ _ _ _
population groups Male 04% = = 100.0 Total Data Set 78 13,761 + 4555 ng x hour/mL | 5903 = 1389 ng/mL 0.100 — ljetzveen patients with normal and those with mild hepatic
< '  — - sfunction
. . . . . 0 _ k=] L ________________________________________________________________________________________________________________________________________________J 00‘] 0 y
Evaluate the dose proportionality of bendamustine Caucasian 86% é 10.0 * Normal total bilirubin, aspartate aminotransferase, and alkaline phosphatase ranges _ . _
pharmacokinetics within the administered dose range Age — 591 +11.0 years - T Total bilirubin < upper limit of normal, aspartate aminotransferase level elevated to a maximum of 0.001 — Among patients with normal, mild, and moderate renal
- g 10 X x 2.5 times the upper limit of normal, and/or alkaline phosphatase elevated to a maximum of 5 times the 0 3 6 9 12 15 18 21 24 27 30 dysfunction
Studv Desi Weight - 86.432 + 20.463 kg o ' A N * o upper limit of normal . .
u y €Slg n e * i % W R ’;** * gk ¥ Creatinine clearance of > 80 mL/minute Time Since Last Dose (HOUI’) . :
. . : . Body Surface Area — 2001 +0.274 m? ol * & & ¥ FESN X % § L > : * The study data did not allow for a conclusive assessment of dose
e Data were obtained from a phase III study in patients with 0 3 5 9 12 15 18 o1 o4 97 3 " Creatinine clearance of 49-80 mL/minute ] proportionality
relapsed indolent B-cell NHL refractory to rituximab Creatinine Clearance — 03.75 + 33.42 ml/minute _ _ Creatinine clearance of 31-50 mL/minute :
treatment. _ : Time Since Last Dose (Hour) _ ) —
Alanine Aminotransferase Level - 27.205 = 15.649 U/L S ¢ metabolite £ tion (0.198 hour) Figure 4. Measured M4 Concentrations Compared to Time Since Last Dose
: ) of metabolite formation (O. our). - : : : : :
*  Treatment: Aspartate Aminotransferase Level B 27.000+17.858 UL — Within the narrow range of 1.61-2.40 m?, 80% of the BSA values retained a flat Th tude of 11 M3 CL/F and Vo/F 11 (< 20% C d g::r:ifevx;& é?ﬁjgls:;?:\){:g: -I:-,(I;::; ?)nar; gt;!(atlon Predicted Profile Refe rences
- Bendamustine 120 mg/m?2 1.V. over 60 minutes on Total Bilirubin Level - 9.970 £ 5.079 mol/L relationship with AUC. - ¢ magnitude o Von and Vc/F were small (< 20% CV), an
days 1 and 2 of 6 consecutive 3-week treatment e . . . o . o the magnitude of IIV on Vp/F was moderately larger (39% CV). 100.00 e * +» Observed Data 1. Hirschberg E, Gellhorn A, Gump WS. Laboratory evaluation of a new
cycles e Mild hepatic dysfunction was not a significant predictor of pharmacokinetic . . . o 3 _ _ _ .
variability. - Residual variability for M3 (37% CV) and bendamustine were similar. nitrogen mustard, 2-[di-(2-chloroethyl) aminomethyl] benzimidazole, and
- Dose reductions to 90 or 60 mg/m? were allowed in Bendamustine Model ) ) ) _ 10.00 of other 2-chloroethyl compounds. Cancer Res 1957; 17:904-10.
subsequent cycles for observed drug-related adverse +  The final-population pharmacokinetic model for bendamustine was a 3- . Mll'd S;?Oderaw renal dysfunction were not significant predictors of pharmacokinetic ~ * grfllg zeséuﬁgﬁfss ;)Zsoceirgdv El half-lives of M3 in the current analysis were 0.408 hour g 2. 0zegowski W, Krebs D. IMET 3393, ([-1methyl-5-bis-((-chloroethyl)-ami-
events compartment open model with 0-order input, first-order elimination, and vartabtity. . TP > 2 100 no-benzimidazolyl-(2)]-butyric acid hydrochloride, a new cytostatic agent
+  Pharmacokinetic sampling groups: ggecrigggrlig?lv\fré?flggd(l\lll? tlgérsrll(sl f;fl\rgitzgifvﬁl;h( leg;))o&e;u;l( perré(s);eiltr\l)lvigrz Bendamustine Dose Pl’OpOl‘ tionali ty «  Exposure to M3 was approximately 10% of the exposure to bendamustine. s ];rg;n1 a:n10(;1g1; (’;I;Z _s;nes of benzimidazole mustard compounds. Zb/ Pharm
_ General Clinical Research Center (GCRC) group proportional error model: . PrleStPeCiE'ed cfrigerig for dtQSe gmportionaltiltly (f)flllozndamustine thﬁrzlfjlgt mzt;cthe M4 Results 0.10 3. Smith BP, Vandenhende FR, DeSante KA, et al. Confidence interval criteria
(at selected centers) o , relationship of bendamustine dose across the full dose range wi and Cinax L .17 )
B The ﬁna} p'harmacolg.nfetlc model was applied o th? test data set to assess was less than proportional. e The pharmacokinetic profile of 254 M4 plasma concentrations from 73 patients for assessment of dose proportlonall|ty. Pharm Res 2000; 17:1278-83.
— Groups A, B, C, and D at all centers the predlctlve cap abilities of the model. Pharmacokinetic parameters were declined from the peak in a monoexponential manner. s S s s e, S S 4. NONMEM [computer program]. Viersion 6. Hanover, MD: GloboMax; 2006.
reestimated using data from the total data set. «  Although single doses ranging from 145 mg to 296 mg (2-fold) were administered, 0 1 2 3 4 5 6 / 8 5. Synold TW, Takimoro CH, Doroshow JH, et al. Dose-escalating and phar-
*  Blood samples were collected in the GCRC Group before start ) o ) 80% of the doses fell within the single dose range of 176 mg to 262 mg (1.5-fold), e The final-population pharmacokinetic model for M4 was a 1-compartment model Time Since Last Dose (Hour) macologic study of oxaliplatin in adult cancer patients with impaired
of the infusion (predose), at the midpoint of the infusion, at - The motdeg'ade;luatfgytdescrlbed the central tendencies in the bendamustine as would be expected based on the narrow range of BSA values. This narrow with O-order input and first-order elimination. A proportional error structure O hepa’[ic function: a National Cancer Institute OI’gan Dysfunction Working
the end of the infusion, and at 15, 30, and 45 minutes, and 1, concentration time data. range of doses resulted in inadequate power to conclusively determine dose expressed RV. C Studv. Clin C. Res 2007: 13-3660-6
2,3,4,6,8, 10, 12, 16, 20, and 24 hours after the end of the _ Estimates of o, B, and y half-lives for bendamustine were 0.29 hour, proportionality. . Gr(-)(l;p U]c y.. (Ijn tartcerr] es k_, ) 9 -t.. it " |
infusion. In addition, pharmacokinetic samples were collected 0.7 hour, and 110 hours, respectively. Because the area under the curve — Interindividual variability terms were estimated on CL/F (3890 L/hour), c on clu si ons . aul gnce or Indus ry. pharmaco mg ICS IN F)a lents wi Impalre renEt
on day 1 of cycle 2 at the following tirpes: r)redose, between (AUC) for the terminal phase accounted for < 1% of the total AUC, the M3 Results apparent volume of distribution (V/F) (3490 L), and duration of 0-order function—study deSIgn,.d.a’[a atlaly3|s, anq |mpact on dosing and labeling.
0.25 and 0.5 hour after the start of the }nfusmn, and between half-life of the B phase was considered to be reflective of bendamustine +  The pharmacokinetic profile of 302 M3 plasma concentrations from 77 patients M4 formation (1.27 hours). Covariance between IIV on CL/F and IIV on U.S. Food and Drug Administration [Web site]. Available at: http://www.fda.
I'and 3 hours after the start of the infusion. In the non-GCRC elimination half-life. declined from peak in a biphasic manner V/F was 0.527. e A 3-compartment model with O-order input and first-order elimination adequately gov/cber/gdins/renal.pdf. Accessed: November 30, 2007.
group, sparse data were ?OﬂeCted from the non-GCRC patients P P ' described the data for bendamustine in patients with NHL. Fixed-effect parameters
(up to 4 samples per patient). Bendamustine Exposures The final-population pharmacokinetic model for M3 was a 2-compartment model - The magnitudes of IIV on M4 CL/F and V/F were moderately large were estimated for clearance (31.7 L/hour), Ve (14.1 L), Vpi (0.920 L), Vi
«  Separate population pharmacokinetic models were developed Median bend ine AUC 13.635 nehr/mL with O-order input, first-order elimination, and a formation lag time. Residual (<90% CV). (25.2 L), intercompartmental clearance (Q) 1 (Qi) (0.989 L/hour), and Q2
. edian bendamustine was 13,635 ng'hr/mL. BT - - : '
for bendamustine, M3, and MA4. g Varlablhty was expressed with a proportlona] error structure. B Residual Varlablhty for M4 (35% CV) and bendamustine were similar (0159 L/hOllI'). The magnltude of II'V on bendamustine Clearapce, Vc, and Vpl
- . . * Sex and age had no significant effect on exposure measures of bendamustine. _ Interindividual variability terms were estimated on apparent clearance | §V6e£/oe C<Z\?Slf/loalcf:-\lli’feI I;/st?rrrlla\t[ep; \(;VfafxlaégearnEf;O/fOorC Zf:)ﬁc;l;l;zur;?r%: lallgree %fgvhzvlis
*  Patient covariates explored were sex, age, race, weight, body . _ o . (CL/F) (347 L/hour), apparent central volume of distribution *  The half-life estimate for M4 was 0.622 hour, which was similar to that of the f3 0.7 hour. and 110 h tivelv. ’ ’
surface area (BSA), alanine aminotransferase level, aspartate e A trend of increasing exposure with increasing BSA category was observed. (VC/F) (209 L) ’ ppt beral . ¢ distribut phase of bendamustine -/ hour, an ours, réespectively.
: S . C , apparent peripheral volume of distribution :
aminotransferase level, t9ta1 bilirubin level, creatinine Vp/F) (26.1 L). apparent intercompartmental clearance /F * A2-compartmentmodel with O-orderinput, first-orderelimination, and ametabolite
clearance, and serum albumin level. (Vp/F) ( ), app p (Q/F)

(6.60 L/hour), duration of 0-order M3 formation (1.07 hours), and lag time ~ ° Exposure to M4 was approximately 1% of the exposure to bendamustine. formation lag time adequately described the data for M3 in patients with NHL.




