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Summary

Background Gemcitabine and pachtaxel are two of the most
active agents 1n non-small-cell lung cancer (NSCLC), and
pharmacologic investigation of the combination regimens
including these drugs may offer a valuable opportunity in
treatment optimization The present study investigates the
pharmacokinetics and pharmacodynamics of pachtaxel and
gemcitabine 1n chemotherapy-naive patients with advanced
NSCLC within a phase I study

Patients and methods' Patients were given i1.v. paclitaxel 100
mg/m? by one-hour infusion followed by gemcitabine 1500,
1750 and 2000 mg/m? by 30-min admimistration Plasma levels
of paclitaxel, gemcitabine and its metabolite 2',2'-difluoro-
deoxyuridine (dFdU) were determined by high-performance
liquid chromatography (HPLC) Concentration-time curves
were modeled by compartmental and non-compartmental
methods and pharmacokinetic/pharmacodynamic (PK/PD)
relationships were fitted according to a sigmoird maximum
effect (Eqnax) model

Results Pachitaxel pharmacokinetics did not change as a
result of dosage escalation of gemcitabine from 1500 to 2000
mg/m2 A nonproportional increase 1n gemcitabine peak
plasma levels (Cp.c, from 1856 £ 494 to 4085 + 1485
pg/ml) and area under the plasma concentration-time curve
(AUC, from 999 + 275 to 2501 * 987 h ug/ml) at 1500
and 2000 mg/m?, respectively, was observed, suggesting the
occurrence of saturation kinetics at higher doses A significant
relationship between neutropenia and time of paclitaxel plas-
ma levels > 0.05 umol/l was observed, with a predicted time of
10.4 h to decrease cell count by 50% A correlation was also

Introduction

The therapeutic options for combined treatment of non-
small-cell lung cancer (NSCLC) have been expanded
through the extensive chinical development of chemo-
therapeutic agents for the management of advanced
disease, including cisplatin, carboplatin, gemcitabine,
paclitaxel, and docetaxel [1]. However, which combina-
tion 1s preferable in terms of drug, dosage and schedule
1s still an open issue that awaits further chnical inves-
tigation. Rational drug development based on the anal-
ysis of drug distribution, metabolism and application of

observed between percentage reduction of platelet count and
gemcitabine Cp,,«, with a predicted eflfective concentration to
induce a 50% decrease of 14 3 ug/ml

Conclusion This study demonstrates the lack of interaction
between drugs, the nonproportional pharmacokinetics of gem-
citabine at higher doses and the E,,,, relationship of paclitaxel
and gemcitabine with neutrophil and platelet counts, respec-
tively In addition, gemcitabine 1500 mg/m? 1s the recommended
dosage in combimation with paclitaxel 100 mg/m? for future
phase II studies, due to 1ts predictable kinetic behaviour and
less severe thrombocytopenia than expected

Key words bone marrow, drug combination, metabohsm,
pharmacologic interaction, toxicity

Abbreviations NSCLC - non-small-cell lung cancer, HPLC -~
high-performance liquid chromatography, dFdU - 2'.2"-di-
fluorodeoxyuridine, PK/PD - pharmacokinetic/pharmaco-
dynamic, E,, — maximum eflect, ECOG - Eastern Coopera-
tive Oncology Group. ANC - absolute neutrophil count,
PLTC - platelet count, AST - aspartate aminotransferase,
ALT - alanine aminotransferase, QoL - Quality of Life.
DLT - dose-limiting toxicity, MTD — maximum tolerated
dose, UV - ultraviolet, QC - qualty control, C,, — peak
plasma concentration, T, — time to Cpyoy, AUC — area under
the plasma concentration-time curve, ty, — half-hfe, CLyg -
total body clearance, V, — steady-state volume of distribution,
V4 - volume of distribution, MRT - mean residence time,
tCoos — time of paclitaxel levels =005 pmol/l; ETsq — tCqgs
of paclitaxel required for 50% decrease of ANC, ECsg— Cpuun
of gemcitabine required for 50% decrease of PLTC

pharmacokinetic/pharmacodynamic (PK/PD) principles
allows the optimization of treatment schedules and re-
veals drug interactions that may occur in combination
regimens

Cumulative experience with single-agent pachtaxel
1n advanced NSCLC suggests that it 1s a highly active
cytotoxic agent, the use of which 1s consistently associated
with a one-year survival rate of 35%—-40% [2]. The major
toxicities include neutropenia, neuropathy, and myalgia-
arthralgia syndrome [2] Paclitaxel has been used 1n
combination with several other nonplatinum agents for
the treatment of NSCLC, and the order of administra-
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tion and schedule are clearly relevant in these combina-
tions [2]. For example, in one study, etoposide and
paclitaxel given simultaneously proved to be neffective,
with substantial grade 1V neutropenia [2, 3]. Another
schedule with an identical dose of etoposide, given daily
for three days, followed by paclitaxel, achieved a re-
sponse rate of 41%, with markedly dimimished neutro-
pema [2, 4, 5]. Additional data from phase 1 trals
demonstrated a schedule-dependent pharmacokinetics,
toxicity and efficacy of gemcitabine [6, 7] and paclitaxel
{5, 8]. Therefore, 1t is advisable that the pharmacokinetics
and pharmacodynamics of gemcitabine, and 1n particular
paclitaxel, should be monitored 1n clinical studies n
which these drugs are used in combination schedules to
assess drug-drug interactions that may contribute to
unexpected adverse effects, as previously demonstrated
with the association of anthracyclines and paclitaxel
[8.9].

Paclitaxel and gemcitabine are two of the most active
single agents currently available in the treatment of
NSCLC [5, 6], and their combination represents a logi-
cal direction of clinical investigation for the improve-
ment of treatment both 1n terms of efficacy and quality
of life (QoL) For these reasons, a pharmacokinetic and
pharmacodynamic analysis of paclitaxel and gemcita-
bine administered on a weekly basis, was performed on
15 chemotherapy-naive NSCLC patients enrolled in a
phase [, dose-finding trial during their first cycle of
therapy

Patients and methods

Patient characteristics and treatment plan

The study was performed in accordance with the provisions of the
Helsink) Declaration and after approval by the local Ethics Commut-
tee All patients were advised of the investigational nature of this
protocol and written, informed consent was obtained before enroll-
ment Chemotherapy-naive patients with histologically or cytologically
proven stage HIb-1V NSCLC were eligible for this study Additional
ehgibihty criteria were (a) 1865 years of age, (b) ECOG performance
status € 2. (c) hife expectancy of at least three months. (d) adequate
hematopoiesis (white blood cell count 2 3500/pl. absolute neutrophil
count {ANC] 2 1500/ul and platelet count [PLTC] = 100.000/pul),
hepdatic function (aspartate aminotransferase [AST] and alanine amino-
transferase [ALT] €2 times, and total bilirubin <125 times nstitu-
tional upper linut of normal) and renal function (creatinine <125
times institutional upper limit of normal), (e) no active or uncontrolled
infection, (f) no prior chemotherapy/radiation therapy within the
previous 4/6 weeks, respectively, (g) radiation therapy to <30% of
bone marrow reserve, (h) no known central nervous system involve-
ment, (1) no medical conditions (uncontrolled hypertension, congestive
heart failure. serious arrhythmia, unstable angina. recent myocardial
infarction and ntersuitial lung disease with moderate-severe dyspnea)
or psychiatric conditions that might expose patients at risk for
participation in nvestigational treatment, (1) previous or concurrent
mahgnancies, (m) absolute contraindication to the admimistration of
steroids, and (n) no pregnancy or lactation Additional details of the
phase 1 study. including pretreatment evaluation. follow-up, assess-
ment of Quality of Life (QoL), dose-limiting toxicity (DLT). maximum
tolerated dose (MTD), response and toxicity are provided elsewhere
[10. 11] Patents received pachitaxel 100 mg/m? by one-hour 1v
infusion immediately followed by gemcitabine 1500. 1750 and 2000

mg/m? by 30-nun 1 v infuston, on days 1, 8, and 15 with cycles repeated
every four weeks

Sample collection

Blood (5 ml) was drawn at baseline, 15 min and | h afier the start of
paclitaxel infusion, 5 and 30 mun after the beginning of gemcitabine
infuston and 5, 15, 30 mun, 1, 2, 4, 12 and 24 h after the end of
gemcitabine administration Samples were obtained by venipuncture
or indwelling 1 v cannula from the arm, contralateral to the infusion
line and collected into heparin-containing tubes If a heparin lock was
used. 1 ml of blood was withdrawn and discarded before sample
collection Tubes were placed into a slurry of ice water, and plasma
was separated by centrifugation at 1500 g for 15 min Tetrahydrouridine
(Sigma, St Lous, Missour1) was added to plasma specimens to inhibit
the conversion of gemcitabine 1o 1ts metabolite 2',2'-difluorodeoxyur-
idine (dFdU) by deoxycytidine deaminase Samples were stored at
~70°C for a maximum of two months until drug assay

Drug analysis

Plasma levels of pachtaxel and gemcitabine/dFdU were assayed by
vahdated reverse-phase, high-performance liquid chromatographic
(HPLC) methods with ultraviolet (UV) monitoring [12, 13] The
HPLC instrument was an LC Module | Plus equipped with a 715
autosampler and a 486 vanable wavelength UV detector (Waters,
Milford, Massachusetts) Limits of quantitation of paclitaxel and
gemcitabine/dFdU were 10 nmol/l and 008 pg/ml. respecuively Hu-
man, blank plasma was used as the calibrant matrix, and methods
were linear (linear regression analysis, weighting 1/X?) over the ana-
lytical range of 001-100 pmol/1 for paclitaxel (r> » 0995) and 0 08—
100 pg/ml for gemcitabine and dFdU (v > 0998) The mean assay
precision, expressed as the coefficient of varation of the estimated
concentrations of quality control (QC) standards, averaged 2 5%,
3 1%, and 72%, respectively, for low (001 pmol/l), medium (25
pmol/l), and high (100 pmol/l) concentrations of paclitaxel, 3.8%,
2 9%, and 6 6%, respectively, for low (008 pug/ml), medium (5 pg/ml),
and high (100 pg/ml) levels of gemcitabine, and 2 9%, 4 1%, and 7 1%,
respectively, for low (008 pg/ml), medium (5 pg/ml), and high (100
pg/ml) concentrations of dFdU Assay accuracy, expressed as the
percent ratio of the estimated vs theoretical QC standard concentra-
tions, averaged 92 2%-98 6% for paclitaxel, 91%-99 2% for gemcita-
btne and 90 5%-98 9% for dFdU

Pharmacokinetic analysis

Paclitaxel, gemcitabine and dFdU plasma levels vs time curves were
modeled using the MW/PHARM software (Mediware, The Nether-
lands, [14]) Initial parameter estimates were determined by curve-
stripping with the Kinstrip module and then fitted with the Kinfit
module to obtain equations describing the profile of plasma levels vs
tuime The non-linear least-squares, iterative regression analysis of
Kinfit determines the slopes and intercepts of the logarithmically-
plotted curves of polyexponential functions and provides a correlation
coefficient for the fitted curve Modeling of the concentration-time
curve was done with the Nelder-Mead simplex procedure to determine
the parameter values that mimimize a weighted least-squares criterion,
and the performance of the fiting procedure was controlled by an
accuracy factor defined interactively [14] While analysing the poly-
exponential pharmacokinetic data, the convergence was reached when
the relative change 1n the sum of squares was less than | x 107 for
non-hinear curve-fitting/modehng An open, two-compartment model,
with model mput via constant infusion of drugs, best described the
disposition kinetics of pachitaxel and gemcitabine in the present study
The fiting of dFdU levels vs tume curve was performed by a bi-
exponential decay equation. assuming that the conversion of gemcita-
bine to dFdU 1s a first-order process The following time-concentrition
functions were used to describe the post-infusion profiles of paclitaxel,
gemcitabine and dFdU
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Paclhitaxel/gemcitabine C, = Z{C,/(L, X Tinr) X [e"‘(‘"T'"‘) - e_“‘]}

1=

dFdU C, = XN:(C, xe™H) — i(c‘ x e7kat)

1=] =]

where C, 1s the plasma level measured at ume t, N 1s the number of
compartments, C, and L, are, respectively, the x' coefficient and
exponent of polyexponential functions, T, 1s the infusion time of
paclitaxel and gemcitabine and kp, 1s the rate of dFdU input into the
central compartment Curve-fituing yielded the parameters C,, L,, kp,
and the intercompartmental rate constants k,,. Peak plasma concen-
tration (Cpgqx, pmol/l or ug/ml) and time to reach Cpyax (Thax. h) were
graphtcally determined based on the plasma concentration-time data
Half lives (t;,2, h) were calculated as 0693/L,, where L, (1/h) 1s the
negative slope of the log-linear a (distribution) and B (elimination)
phases of the plasma concentration-time profiles The area under the
plasma concentration-time curve (zero moment curve, AUC, h pmol/I,
h pg/ml) was calculated on the experimental values (trapezoidal rule)
with extrapolation to infinity, obtained by the terminal ehmination rate
constant [15] Mean residence time (MRT, h) for paclitaxel and gemci-
tabine was determined by dividing the area under the first-moment
curve (AUMC, h? pmol/I, h? pg/ml) by AUC, with correction for
infusion time [15) Apparent, total-body clearance was normalized to
the body-surface area and calculated as CLyg = dose/AUC (1/h/m?),
while the apparent volume of distribution was obtained as V4 = CLyp/
terminal L, and expressed as I/m? The apparent volume of distribu-
ton at steady state (V,,, 1/m?) was computed as V,, = VI x [I +
ki2/kz21], where k,, are the intercompartmental rate constants and V1 is
the volume of distribution of the central compartment {15] Finally, the
time interval of pachitaxel levels =005 pmol/] (tCyos) was measured
on individually-fitted plasma concentration-time plots [16]

Pharmacodynamic analysis

The relationship between drug exposure and hematologic toxicity, and
the principal and dose-limiting effect of pachtaxel and gemcitabine [5,
6] was evaluated The percentage of decrease 1in hematologic count
(neutrophils, leukocytes and platelets) was calculated as follows

%Decrease 1n hematologic count =
pretreatment count-nadir count
pretreatment count

100 %

and plotted as a function of plusma AUC, C,;. and tCy s of pachitaxel,
a threshold concentration associated with hematologic toxicity [16], or
gemcitabine C,,, and AUC Relationships were fitted according to
sigmoid maximum effect (E,¢) model [I5] using non-linear least-
squares regression and a weighting factor of unity, defined as follows

PK*

%Change 1n hematologic count = Epgq % PKr 7 PKar
50

where k 1s the shape-factor that describes the sigmoidicity of the
concentration-effect curve and PKs 1s the value of the pharmacoki-
netic parameter (PK) that results in 50% of the E,,« The performance
of the pharmacodynamic model was evaluated using the relative-root,
mean-square error (YoORMSE) value and 1ts standard error (%SE),
defined as follows

N 172
%RMSE = [N" x Z(pel)z:| x 100

YSE =

N "2
Nx (N— I)"xZ(pe,)z} x 100
1=I

where N 1s the number of P pairs (1 e , true with predicted values), and
the prediction error 15 pe = [In(Ppyredicied value) = 1M Pirue vane)]l, 10 the
best model the oRMSE approaches zero
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Statistical analysis

Data are presented 4s mean * standard deviation (S D) Staustical
analysis was performed by ANOVA followed by Student—Newman -
Keuls test [17], the level of significance was P < 005

Results
Pharmacokinetics of pacliaxel, gemcitabine and dFdU

The plasma concentration-time profiles of paclitaxel
100 mg/m? followed by gemcitabine are represented in
Figure 1, and the major pharmacokinetic parameters are
reported in Table 1. Plasma levels of paclitaxel rapidly
increased during administration, reaching a C,,, of 910
+ 227,896 £ 128 and 8.94 + 4 09 pmol/l at the end of
infusion, 1n combination with gemcitabine 1500, 1750
and 2000 mg/m?, respectively. Paclitaxel concentrations
then decreased in the postinfusion period by a bi-expo-
nential decay with a t,,B ranging from 2.77 £ 147 h to

Table | Pharmacokinetic parameters of paclitaxel in combination
with gemcitabine

Pachtaxel 100 mg/m® +

Gemcitabine Gemcitabine Gemcitabine

1500 mg/m* 1750 mg/m? 2000 mg/m?

(n=25) (n=15) (n=15)
Crax (mol /1) 910+227 896+ 128 894 %409
AUC (h pmol/ly 1386+407 14452203  1273+422
Ut (h) 0242005 019007 023011
1B (h) 3234171 277147 417+288
CLyy (I/h/m?) 76118l 825+297 857+262
V., (1/m?) 13152639  1402£853 146311024
Vg (1/m?) 3446+ 1981 3419%2311 4389+2103
MRT (h) 179£086 1 66 %082 170 %089

10 5

—O- Gemcitabine 1500 mg/m?
—- Gemcitabine 1750 mg/m?
-/~ Gemcitabine 2000 mg/m?

01+

Paclitaxel (plasma, umol/L)

001

0 1 2 14 5
Time (h)

T T T T L) 1
69 12 15 18 21 24 27
Paclitaxel Infusfon

Figure I Plasma concentration vs time profiles of paclitaxel 100
mg/m? by one-hour 1 v infusion 1n patients given gemcitabime 1500,
1750 and 2000 mg/m?® by 30-mun 1v nfusion Poimts. mean values
(n = S patients), bars, SD of the mean
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—O~ Gemcditabine 1500 mg/m?
—- Gemcitabine 1750 mg/m?
—/— Gemcitabine 2000 mg/m?2

30

25 A

20 A1

15 4

Gemgcitabine (plasma, ug/mL)

10 4

0.5 1 15 2 25
Time (h)

o4

Gemcitabine infusion

Figure 2 Plasma concentration vs time profiles of gemcitabine 1500,
1750 and 2000 mg/m? by 30-muin 1 v infusion n patients given pach-
taxel 100 mg/m? by one-hour 1 v infusion Points, mean values (n = 5
patients), bars, SD of the mean

Table 2 Pharmacokinetic parameters of gemcitabine in combination
with paclitaxel

Pachtaxel 100 mg/m* +

Gemcitabine Gemcitabine Gemcitabine

1500 mg/m? 1750 mg/m? 2000 mg/m?

n=13) n=Y5) (n=195)
Cos (pg/mb) 1856 £ 494 23561706 40 85 + 14 85"
AUC (h pg/ml) 999 +275 1321 £380 2501 £ 987"
tya (h) 0051001 0091001 011+002
tB (h) 052+010 034+008 064+025
CLrg (1/h/m?) 1604 +£220 1426 £2066 92 54 + 38 93¢
Vu(l/mz) 3616 +£923 3124 +832 25262516
V4 (1/m?) 12771347 726512153 7590 %2930
MRT (h) 021003 0212003 0331£013

4 P < 00S5. ANOVA followed by the Student—Newman-Keuls test

4.17 + 288 h The disappearance profiles of the drug
after the infusion of gemcitabine at three dosage levels,
were almost identical to overlapping profiles, suggesting
that the dosage-escalation of gemcitabine does not sig-
nificantly affect the pharmacokinetics of paclitaxel, as
also shown by the CLrg values ranging from 7.61 + 1.81
[/h/m? to 8 57 + 2.62 1/h/m? (Table 1).

The administration of gemcitabine 1500, 1750 and
2000 mg/m? was associated with a nonproportional
increment 1n drug levels (Figure 2) and pharmacokinetic
parameters (Table 2) In particular, gemcitabine C,,,
increased from 18.56 + 4.94 to 23 56 * 7.06 and 40.85 *
14.85 pg/ml at 1500, 1750 and 2000 mg/m?, respectively,

v
o]
50
304 V
e 3 E
E o ~ ral
o)
] gf v
S— 304 - = 201
< ; = v v
] O o b
S B8 S v
20| g g < P
P o 10 m
10 v
o o
1500 1750 2000 1500 1750 2000

Gemcitabine dose (mg/mz)

Figure 3 Scatter plots of individual values of Cpy,, (left) and AUC
(nght) of gemcitabine vs dosage level in 15 subjects The dotted-lne
links the observed mean values (horizontal bars) of C,. and AUC for
each group of patients, while the solid line intersects the theoretical
mean values 1If Cp,. and AUC proportionally increased with the drug
dosage

while the AUC displayed an increase from 9.99 + 2.75
to 13.21 + 3.80 and 25.01 £ 9.87 h pg/ml (Table 2) Thus,
a dosage increment of 17% (1750 mg/mz) and 33% (2000
mg/m?) as compared to 1500 mg/m?, resulted in a non-
proportional change in C,x of 27% and 120%, and in
AUC of 32% and 150% at 1750 and 2000 mg/m?,
respectively, as compared to the pharmacokinetic pa-
rameters calculated at 1500 mg/m?, suggesting a satu-
ration kinetics of gemcitabine above 1750 mg/m?. Like-
wise, drug CLyg decreased from 160.4 + 22.0 to 142.6
20.66 (—11%) and 92.54 £ 38.93 (—42.5%) at gemcita-
bine 1500, 1750 and 2000 mg/m?, while no changes
would have been expected if the pharmacokinetics were
dose-proportional. Statistical analysis indicated a sig-
nificant difference when comparing the C,,,«, AUC and
CLrp of gemcitabine at 2000 vs 1500 mg/m? (Table 2).

In order to assess whether the pharmacokinetics of
gemcitabine could be dependent on paclitaxel, the find-
ings of this work were compared with a phase | study 1n
which gemcitabine was administered as a single agent to
patients with advanced cancer {I8] The C,,,x and AUC
of gemcitabine 1500 mg/m? in combination with pacli-
taxel 100 mg/m? displayed a dose-proportional increase
as compared to historical data of gemcitabine up to 1000
mg/m?, suggesting that paclitaxel did not affect the
linear relationship between the dose and disposition of
the nucleoside analogue. However, at gemcitabine 1750
and 2000 mg/mz, Cmax and AUC showed a sharp
increase (Figure 3), indicating the loss of pharmaco-
kinetic linearity with nonproportional change 1n drug
distribution parameters, unlikely to be dependent on
paclitaxel but rather on saturation of gemcitabine me-
tabolism and/or elimination.

Peak concentrations and plasma exposure to the
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—O— Gemcitabine 1500 mg/m?
—- Gemcitabine 1750 mg/m?
/- Gemcitabine 2000 mg/m?

dFdU (plasma, pg/mL)

Y u T T T

0 05 1 15 2 25 3 35 4 45

Time (h)
Gemcitabine infusion

Figure 4 Plasma concentration vs time profiles of dFdU 1n patients
gtven gemcitabine 1500, 1750 and 2000 mg/m? by 30-mn 1 v infusion
and pachtaxel 100 mg/m? by one-hour 1v infusion Points, mean
values (n = 5 patients), bars, SD of the mean

Table 3 Pharmacokinetic parameters of dFdU after administration of
gemcitabine 1n combination with pachtaxel

Paclitaxel 100 mg/m? +

Gemcitabine Gemcitabine Gemcitabine

1500 mg/m? 1750 mg/m? 2000 mg/m?
(n=235) (n=135) (n=235)
Crnax (ng/ml) 632197 706+190  7973+1532
Toux (h) 0601 0591002 050003
AUC (h pg/ml) 1599 + 462 1820+£490  2249+615
tya (h) 0224008 017003 017006
tB (h) 2110 26+03 2194043

mactive metabolite dFdU, resulting from deamination
of the parent drug, differed from that of gemcitabine,
since the metabolite distribution was characterized by
dose-proportional changes, with C,, values of 63.2
9.7 ug/ml, 70.6 £ 190 pg/ml (+117%) and 7973 + 1532
pg/ml (+26 1%), and AUC values of 1599 + 46.2 h g/
ml, 1820 + 490 h pg/ml (+13.8%) and 2249 * 61.5
h-pug/ml (+40 6%) at gemcitabine 1500, 1750 and 2000
mg/m?, respectively, suggesting that the non-linearity
of gemcitabine disposition was largely dependent on
saturation of metabolism rather than elimination. Other
pharmacokinetic parameters, including distribution (o)
and elimination (B) t,,» as well as T4, did not change
significantly (Figure 4 and Table 3)
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904 ®

50 4 ri=0,45
P<0.05

Percentage reduction in ANC
[ ]

Paclitaxel tC; o5 (h)

Figure 5 Relationship between percentage of reduction inANC and
tCoos of pachtaxel Data were modeled according to the E,,, sigmoid
(variable slope) fiting Points, individual data from 15 patients
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Gemcitabine C_, (1g/mL)

Figure 6 Relationship between percentage of reduction in PLTC and
Coax Of gemeitabine Data were modeled according to the Eq,,, sigmoid
(variable slope) fitting Points, individual data from 15 patients

Pharmacokmetic/pharmacodynamic relattonsiip of
paclitaxel and gemcitabine

The analysis of the pharmacokinetic/pharmacodynamic
profile of paclitaxel showed a significant correlation
(r? = 0.45, P < 0.05) between tCqos of pachtaxel and
the percentage of decrease in ANC (Figure 5). The tCg s
assoclated with 50% reduction 1n neutrophil count (ETsg),
with respect to the fitted Ea«, was 10.4 h. The plot repre-
sented 1n Figure 6 shows the significant relationship (r* =
0.72, P < 0.05) between the percentage of decrease 1n
PLTC and the C,,, of gemcitabine, as described by the
sigmoid E,,« pharmacodynamic model. On the basis of
data modehing, the C,,, of gemcitabine was predicted to
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yield a 50% reduction in PLTC (ECsg), with respect to
the fitted En,«, which was 14.3 pg/ml. In this patient
population, only 2 out of 15 patients had a percentage of
decrease in PLTC higher than 70% (Figure 6)

Discussion

The 1dentification of new drug combinations for the
management of NSCLC represents an important ob-
jective of current research Until recently, the role of
chemotherapy for NSCLC has generally been ques-
tioned, due to marginal activity, substantial toxicity and
high cost. There has, however, been increasing evidence
that chemotherapy in advanced NSCLC 1s able to 1n-
crease survival and improve QoL [, 19]. In the past few
years, a number of active drugs with established activity
and favourable toxicity profiles have been introduced in
the treatment of advanced disease [1, 5, 6]. In particular,
the administration of the doublet paclitaxel and gemci-
tabine, or the triple drug combination pachtaxel, gemci-
tabine and cisplatin, which has been proven to be safe
and effective 1in untreated patients with NSCLC [10, 11,
20, 21] These agents appear to hold the promise of
added therapeutic benefit, provided that the develop-
ment of drug combinations 1s supported by pharmaco-
kinetic and pharmacodynamic analysis, in order to
identify possible drug interactions that may affect the
efficacy and toxicity profile of treatments The treatment
schedule adopted 1n the present work consisted of pacli-
taxel followed by gemcitabine on the basis of in vitro
data, showing that paclitaxel increased the accumulation
of active metabolites of gemcitabine and their incorpo-
ration into nucleic acids as well as the apoptotic index
[22] The enhanced biotransformation of gemcitabine
into active compounds induced by paclitaxel was further
confirmed 1n human mononuclear cells from peripheral
blood [23], and an 7 vivo study demonstrated that the
best antitumor activity was obtained with paclitaxel
before gemcitabine {24]. In our work, the chinical phar-
macokinetics and relationship between parameters of
drug exposure and hematological toxicity of paclitaxel
and gemcitabine have been examined The findings of
this study demonstrated the lack of reciprocal pharma-
cokinetic interaction between drugs, the nonproportion-
al pharmacokinetics of gemcitabine and the E,, rela-
tionship of paclitaxel and gemcitabine with neutrophil
and platelet counts, respectively The administration of
gemcitabine 1500 mg/m? was associated with a predict-
able kinetic behaviour and modest thrombocytopenia,
and thus 1t 15 the recommended dosage in combination
with paclitaxel 100 mg/m? for future, phase II studies.
Looking at the primary results individually, the
comparison on pharmacokinetic data of paclitaxel ad-
ministered as a single agent [25, 26] with those of the
present study, demonstrated that the drug distribution
parameters were unaffected by gemcitabine 1500-2000
mg/m?. On the contrary, the pharmacodynamic analy-
sis of pachitaxel showed that the severity of neutropenia,

as predicted by the time interval of plasma paclitaxel
concentrations 2 0.05 pmol/l, was enhanced by gemci-
tabine, since the ET5o obtained in the present study by
fitting the tCq s vs. percentage of decrease in ANC was
10.4 h, a value lower than that obtained with paclitaxel
alone (ETsq = 17.4 h, 16). The shift to the left of the
sigmoid curve indicated that patients who received pacli-
taxel in combination with gemcitabine experienced more
neutropenia than would be expected with pachtaxel
alone The predictability of the pharmacodynamic/
pharmacokinetic model was confirmed by the finding
that grade 3—4 neutropema was seen in 26% of patients
given pachtaxel 100 mg/m? in combination with gemci-
tabine 1500, 1750 and 2000 mg/m? [10, 11}, while 14% of
patients that administered paclitaxel alone at 100 mg/m?
as a one-hour infusion experienced this toxicity [25].

Gemcitabine displayed a nonlinear pharmacokinetics
within the 1500-2000 mg/m? dosage range, and a re-
markable inter-individual variabihty in drug distribu-
tion parameters was observed among patients given the
highest dosage, while the inactive metabolite dFdU
showed a dose-proportional disposition. The dispropor-
tional changes 1n gemcitabine pharmacokinetics may
be due to saturable metabolic clearance via cytidine
deaminase, while the presence of poor and fast metabo-
lizers may explain the high vanability in Cy,,«, AUC and
CLtg among patients at the higher dosage level of
gemcitabine. If compared with previously published
data, the findings of the present work indicate that
paclitaxel did not affect the linear relationship between
the gemcitabine dosage and pharmacokinetics, which 1s
in agreement with data obtained from a limited-sampling
approach 1n I8 patients given gemcitabine 1000 mg/m?
in combination with paclitaxel 150 and 200 mg/m? [23],
and 1n patients given gemcitabine as a single agent up to
1000 mg/m? [18].

The analysis of the relationship between the decrease
in platelet count and Cp,,« of gemcitabine showed that
the fitted Ena« Of the sigmoid curve corresponded to a
58 8% reduction in PLTC, with respect to baselne.
Consistent with this, mild thrombocytopenia of grade 2
was observed in only one patient treated with paclitaxel
100 mg/m? and gemcitabine 1500 mg/m?, while no such
toxicity was observed at the higher doses of 1750 and
2000 mg/m2 (10, 11]. On the contrary, thrombocytope-
nma was the DLT observed 1n a phase I study, with 50%
of patients experiencing nadir platelet values of less than
50,000 cells/mm* with gemcitabine 1000 mg/m?/week
[18] Since chinically relevant PLTC reduction was not
observed 1n patients treated with single agent paclitaxel
100 mg/m? by one-hour infusion [25], the data of the
present study suggest a pharmacodynamic interaction
between paclitaxel and gemcitabine A similar finding
has been reported on the combination of paclitaxel and
carboplatin, with the observation that more carboplatin
1s required to produce the same degree of thrombocyto-
penia as compared to carboplatin alone [27]. In agree-
ment with the present data, this effect 1s Iimited to
platelets, while neutrophils are not spared [27], suggest-
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ing that the protective effect on platelets appears to be a
common mechanism of paclitaxel. The basis of this
platelet-sparing effect lies in a pharmacodynamic inter-
action, although the precise mechanism remains to be
determined The ability of megakaryocytes to become
polyploid by allowing many rounds of DNA replication
without completion of intervening mitoses, at variance
with most eukaryotic cells in which the progression to
the next cell-cycle phase is prevented unless the preceding
phase has been completed [28], might explain, at least
partly, the relative resistance of megakaryocytopoiesis
to the inhibitory effect of mitotic poisons.

Finally, the findings of the present study suggest that
the administration of gemcitabine at dosage levels higher
than 1500 mg/m? in combination with pachitaxel 100
mg/m?, may not be associated with substantial thera-
peutic benefit, since (i) a higher number of patients given
1750 and 2000 mg/m? experienced chnically sigmificant,
cumulative toxicities, as compared to 1500 mg/mz, () a
dose-dependent tumor response was also lacking [11],
and (1) a high pharmacokinetic variabihty was observed
in this scenario.

In conclusion, the administration of gemcitabine and
paclitaxel does not result in pharmacokinetic interaction,
while a less than expected thrombocytopenia is observed
Moreover, gemcitabine pharmacokinetics 1s predictable
and dose-proportional at 1500 mg/m? and thus, 1t is the
recommended dosage for future phase Il studies with
paclitaxel 100 mg/m?
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