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Abstract

Background Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoma in elderly patients, and R-CHOP
chemotherapy is the standard treatment protocol for DLBCL. Elderly patients (often defined as 75 years of age) are treated
with anticancer drugs with precaution; however, the pharmacokinetics and pharmacodynamics (PK and PD) of these agents
have not been thoroughly investigated in this population. In this study, we investigated the PK of cyclophosphamide (CP) and
doxorubicin (DOXO) in elderly patients in order to verify if there is an influence of age on the PK of these anticancer drugs.
Materials and methods This is a prospective multi-center clinical trial investigating the PK of CP and DOXO in elderly and
very elderly patients with DLBCL treated by R-mini-CHOP regimen. Dose levels were 25 mg/m?, 0.7—1.4 mg/m?, 750 mg/m?,
and 375 mg/m? for DOXO, Vincristine (VCR), CP, and Rituximab, respectively. For PK analysis, 7 time point samples were
collected over 48 h post-administration on cycle 3. CP and VCR plasma concentrations were measured using UPLC-MS/MS
validated method. DOX plasma concentrations were measured using UPLC coupled with fluorescence detection-validated
method. PK-POP modeling has been performed with a non-linear mixed-effect model program (Monolix).

Results 31 patients (15 males and 16 females), 75 to 96 years old, were treated with R-miniCHOP protocol. Among them,
19 patients were treated with VCR. A one-compartment (1cpt) open model with linear elimination adequately described CP
concentration—time courses. The population PK parameters for CP were: CL = 3.58 L/h, Vmale = 32.2 L, and Vfemale = 28.7
L. Body weight (BW), albuminemia, and gender demonstrated a significant impact on CP PK. A 2-compartment (2cpt) open
model with linear elimination best described DOXO concentration—time courses. The population PK parameters for DOXO
obtained for the structural model were: CL =51.1 L/h, Q =49.6 L/h, V1 =2941L, V2 = 1,130 L (clearances: CL, Q, volumes
of distribution: V1, V2). The main covariate effects on DOXO PK were related to gender, BW, and VCR administration.
VCR increases DOXO V1 from 29.4 L to 57.5 L (p = 0.02). No hematologic and cardiac grade 3 or 4 toxicity were recorded.
Conclusions Usually, in the absence of specific data, the majority of the physicians empirically reduce anticancer drug dose
in the elderly patients (Tourani in J Geriatr Oncol 3(1): 41-48, 2012), or even does not treat these very-old patients. A better
knowledge of the pharmacokinetics in very-old patients should allow a better dose adjustment based on the most significant
physiological factors that modify the pharmacokinetic parameters. In this study, no serious toxicity was observed in these
very elderly patients (84.1 years). This indicates that dose adjustment of chemotherapies should not only be based on age
and creatinine clearance, but also, based upon appropriate physiological and biological data. Our findings indicate that, CP
dose adjustment should be done according to serum albumin levels and patients BW and gender.
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Introduction

The World Health Organization [1] and United Nations [2]
project an increase in the number of people aged 65 years
and older from around 524 million in 2010 to nearly 1.5 bil-
lion in 2050, particularly in developing countries [3].
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Between 2000 and 2050, global life expectancy rates are
expected to increase from 65 to 74.3 years old [3, 4].

In Europe, 60% of cancers and 75% of cancer deaths
occur in patients over 65 years of age. The incidence of cer-
tain cancers such as prostate, colorectal and hematological
malignancies increases with the age advancement. Among
them, lymphoma has an incidence of 99/100,000 per year
and more particularly non-Hodgkin’s lymphoma. They
account for about 4.5% of malignancies. It increased steadily
from 8.5 to 16/100,000 in developed countries over the last
20 years. The gender ratio (male/female) is 1.5/1. In Europe
and North America, more than 50% of non-Hodgkin’s lym-
phoma cases occur in patients over 65 years of age [5]. It is,
therefore, a frequent oncological pathology of the elderly.

Diffuse large B-cell lymphoma (DLBCL) is the most
common lymphoma in older patients and R-CHOP chemo-
therapy (cyclophosphamide (CP), doxorubicin (DOXO), vin-
cristine, and prednisolone in combination with rituximab) is
the standard treatment protocol for DLBCL. Older patients
(often defined as over 75 years of age) are treated with anti-
cancer drugs with precaution; however, the pharmacokinet-
ics and pharmacodynamics (PK and PD) of these agents
have not been thoroughly investigated in this population.

The utilization of chemotherapeutics agents in elderly
people requires a better knowledge of pharmacological
modifications due to age and diversity in this population. For
example, cellular senescence could reduce the possibility
for normal tissues to be repaired after chemotherapy. Simi-
larly, changes in fat-to-lean body mass ratio could influence
anticancer drugs PK in elderly patients. Moreover, tumors
in elderly patients could be more resistant to chemotherapy
because of a more frequent expression of the mdr-1 gene
or abnormalities in P-53 or bcl-2 genes [6]. Furthermore,
comorbidities also modify patient physiology, which leads
geriatricians to classify patients into « fit », « fragile » or «
dependent » patients.

These multiple physiological changes in elderly patients
may influence the PK parameters of anticancer drugs,
including absorption, distribution, metabolism and elimi-
nation (ADME) as well as drug PD. Therefore, prospective
trials need to be conducted to study in depth drugs PK and
PD properties in the elderly and establish PK—PD relation-
ships in this specific population [7].

To our knowledge, this is the first study performing a
population pharmacokinetic (POPPK) modeling of cyclo-
phosphamide (CP) and doxorubicin (DOXO) in very old
DLBCL patients (mean age 84.1 years).

The aim of this study was to evaluate the influence of bio-
logical and/or nutritional factors on the PK parameters of CP
and DOXO in non-Hodgkin’s lymphoma B large cell patients
treated with R-mini CHOP poly-chemotherapy regimen.
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Patients and methods
Design

A prospective multi-center clinical trial investigating the PK
of CP and DOXO in old and very old DLBCL patients was
conducted according to ethical principles and in accordance
with Good Clinical and Laboratory Practices. The Ethics
Committee (CPP IDF VI—Pitié Salpétriere) approved the
protocol and its amendments. All patients provided writ-
ten informed consent. Patients were treated with a R-mini
CHOP chemotherapy regimen. Patients received 25 mg/m?,
0.7-1.4 mg/m?, 750 mg/m? and 375 mg/m? of DOXO, Vin-
cristine, CP and Rituximab, respectively.

Eligibility criteria

Patients older than 75 years without upper limit of age, with
a cytologically or histologically confirmed diagnosis of
DLBCL, eligible for R-mini CHOP chemotherapy for the
first line of treatment were enrolled.

Patients with severe dementia (MMS < 10), patients under
legal protection, patients with a pace-maker, patients with
severe renal impairment (creatinine clearance, according to
Cockroft—-Gault formula < 30 mL/min), and patients with
concomitant medication known to interact with R-CHOP
regimen were not enrolled in the study.

Sampling schedule

For PK analysis, seven blood samples were collected before
dosing and 20 min, 75 min, 4 h, 5.5 h, 24 h and 48 h after the
start of R-mini CHOP administration during cycle 3.

Geriatric assessment

A geriatric assessment, evaluating comorbidity, concomi-
tant disease, and functional status, was performed for each
patient before starting R-mini CHOP treatment. Physiologi-
cal and biological data such as age, weight, body surface
area, hemogram, albumin, creatinine, urea, BNP, CRP, and
hepatic balance were recorded before treatment cycle 1 and
cycle 3. Toxicity (neutropenia, thrombocytopenia, febrile
neutropenia, cardiac toxicity) and survival were assessed at
the beginning of the 4th cycle. Body composition data were
obtained by absorptiometry.

Analytical methods

CP concentrations were determined using a validated Acquity
Ultra Performance LC system (Waters, Milford, MA, USA)
coupled with a tandem mass spectrometry detection method,
as described previously [8]. The lower limit of quantification
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of CP was 5.0 ng/mL, with 6.0% precision and 90.0% accu-
racy. DOXO concentrations were determined using a vali-
dated Acquity Ultra Performance LC system (Waters, Milford,
MA, USA) coupled with a fluorescence detection method, as
described previously [9]. The lower limit of quantification of
DOXO was 2.5 ng/mL, with 8.7% precision and 106% accuracy.

Pharmacokinetic modeling

Data were analyzed using the nonlinear mixed-effect mod-
elling software program Monolix (http://wfn.software.
monolix.org). Parameters were estimated by computing the
maximum likelihood estimator of the parameters without
any approximation of the model (no linearization) using
the stochastic approximation expectation maximization
(SAEM) algorithm combined to a Markov Chain Monte
Carlo (MCMC) procedure. A proportional model was used
to describe the residual variability and the inter-individual
variabilities (IIV) were described as an exponential model.
The main continuous covariates tested were:

(a) body size descriptors
Given that patients treated in this study had a wide
range of body weight, different size descriptors were
investigated, such as total body weight (BW), ideal
body weight (IBW) and lean body mass (LBM) [10],

IBW = Height (cm) — (105 if women or 100 for men)

LBM =yx Weight (kg) —zx (Weight/Height)?
with y=1.07 and z= 148 for women and y=1.1 and
z=128 for men

(b) Albuminemia

(c) Hemoglobin level

The main categorical covariates tested were:

1. Gender

2. Co-administration of vincristine (12 patients were not
treated by vincristine according to their baseline hema-
tological status).

Concentrations below the limit of quantification were
considered as missing data and were not included into the
model.

At each step of the model building, a candidate model was
accepted or rejected on the basis of the Bayesian information
criterion (BIC), which is the most conservative test. Moreo-
ver, standard goodness-of-fit plots [observed concentrations
versus population- and individual-predicted concentrations,
individual and population-weighted residuals, and the visual
predictive check (VPC) based on 1000 simulations] were
used to appreciate the curve-fitting.

Results
Demography

From April 2013 to September 2015, 31 patients (15
males, 16 females) were treated with R-mini CHOP proto-
col. Baseline characteristics of patients are summarized in
Table 1. The median age is 85 years. Two groups of ages
were defined: the “old” 75-84 years, and the “very old”
> 85 years. Among 31 patients who were enrolled in this
study, 19 patients were treated with vincristine.

Pharmacokinetics

The POPPK modeling was performed using the dataset
obtained on treatment cycle 3 from 31 patients. A total of
134 and 120 concentrations for DOXO and CP were avail-
able for PK-POP modeling, respectively. Five DOXO con-
centrations were below limit of quantification and were con-
sidered as missing data.

Cyclophosphamide PK

A one-compartment (1cpt) open model with linear elimina-
tion adequately described CP concentration—time courses.
IIV was estimated for clearance (CL). BW was the best size
descriptor when CL and V terms were normalized to a stand-
ard BW of 70 kg according to an allometric scaling rule.
Also albuminemia had a significant (p =0.0199) impact on
CP CL according to the following equation:
CL; = CLpop * (BW;/70)"" « (ALB,/40)""
where the subscripts “i” and “POP” denote the individual
and average population parameters.

The final model was validated according to the BIC drop,
as well as the II'V decrease relative to the covariate-free

Table 1 Baseline patient characteristics

Parameters Mean Median Minimum-maximum
Age (years) 84.1 85 75-96
BW (kg) 645 63 41-112
Height (cm) 164.8 163 150-190
BSA (m?) 1.7 17 1.32-2.3
BMI (kg/m?) 235 237 17.9-34.6
LBM (kg) 48.6  47.7 32.8-73.6
IBW (kg) 623 62 45-90
HB (g/L) 11.6 119 9.1-14
Serum albumin 363 36 1947
Serum creatinine (mol/L) 713 77 45-180

BW body weight, BSA body surface area, BMI body mass index, LBM
lean body mass, /BW ideal body weight, HB hemoglobin
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model (0.158 vs 0.178). VPCs showed the good predictive
performance of the final model (Fig. 1).

CL values of CP were similar for old and very old popula-
tion (3.58 L/h and 3.23 L/h respectively; p=0.34, Fig. 2).
Moreover, a significant difference (p =0.013) was observed
between CP volume of distribution in men and in women.

In the final model, V and CL average estimates were
32.2 L and 3.58 L/h, respectively (RSEs 4.1, and 3.5%,
respectively) and the corresponding II'V for CL was 0.158.

Fig.1 Visual predictive check 80
for the final plasma CP popula-

tion model. The blue lines

represent the 5th, 50th and 95th

percentiles of the observed

55 4 -

concentrations. The corre- 501 —
sponding bands denote the 90%
confidence interval from 1000 45

simulated samples. The blue
dots correspond to observed
values

40

35

30 1

DV (CP concentrations mg/L)

In “Appendix 17, a R code is written to easily determine
a dose adaptation given the CP population clearance and
individual values of body weight and albuminemia.

Doxorubicin PK

A two-compartment (2cpt) open model with linear elimina-
tion best described DOXO concentration—time courses. I[IV
was estimated for CL and V1. Among covariates, BW was
the best size descriptor when CL and V terms were normal-
ized to a mean BW of 70 Kg according to an allometric
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scaling rule. Patient’s gender had a significant (p =0.014)
impact on DOXO CL according to the following equation:

075 :
) x e with

CL; = CLpop * (BW,/70

p = —0.21 for women and O for men,

where the subscripts “i” and “POP” denote the individual
and average population parameters.

Co-administration of vincristine had a significant influ-
ence (p=0.008) in the Vpoxo according to the following
equation:

V, = Vpop * (BW/70)! s e# with §

Vincristine — 067’
where the subscripts “i” and “POP” denote the individual
and average population parameters.

The goodness of fit plots (Fig. 3) and VPC (Fig. 4) for the
final DOXO model clearly showed the improvement of fit
from the covariate-free model to the final model (base model
plots not shown). Estimated DOXO PK parameters such as
total plasma CL, inter-compartmental clearance (Q), central
and peripheral volumes of distribution (V1 and V2) were
51.1L/h,49.6 L/h,29.4 L and 1,130 L, respectively. IIV esti-
mates were 0.19 and 0.52 for CL and V1. The IIV decreases
relative to the covariate-free model (0.19 vs 0.29 and 0.52
vs 0.95 for CL and V1, respectively). DOXO CL seemed
(p=0.06) to be lower in very old patients (> 85 years) than
in elderly patients (< 85 years) (Fig. 5).

PK parameters of CP and DOXO on cycle 3 are summa-
rized in Tables 2 and 3, respectively.

Observations (DOXO ng/mL)

" Population predictions (ng‘,mi;' “" Individual predictions _

Fig.3 Goodness-of-fit plots. Observed DOXO and CP concentrations
(DV) versus model predictions. Diagnostic plots of observed (obs)
DOXO concentrations (left panel) expressed in ng mL™! and CP con-
centrations (right panel),expressed in mg/L, versus the model popula-

Safety

In this clinical trial, all patients included in the 3rd cycle
were alive at the beginning of the 4th cycle of R-miniCHOP
regimen. No hematologic and cardiac grade 3 or 4 toxicities
were recorded. The main hematological toxicities observed
were: grade 1 and 2 anemia and thrombocytopenia.

Discussion

PK of chemotherapies has been widely described in adults
younger than <75 years, whereas very few clinical stud-
ies have focused on the PK of these molecules in elderly
patients since this population is usually excluded from clini-
cal trials due to comorbidities, co-medication, performance
status and cognitive disorders [11, 12].

Aging alters multiple physiological functions such as an
increase in fat-to-lean mass ratio, which could affect the PK
of anticancer drugs. We report here for the first time the
POPPK of CP and DOXO in very old patients with DLBCL.
Their mean age, 84.1 years, is representative of a typical
population of geriatric service.

As described previously [13, 14], a one-compartment
open model with linear elimination adequately described CP
concentration versus time course in elderly and very elderly
patients. The VPC shows an apparent model over-prediction
of CP in the end of infusion; however, this occurs only for the
higher percentile (90th) of observations/predictions and in the

Observations (CP mg/L)

Population predictions (mgiL) Individual predictions

tion predictions (pop pred left) and individual predictions (ind pred
right) for thefinal model. The blue dots correspond to observed val-
ues, Identity line (y = x line)
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Fig.4 Visual predictive check
for the final plasma DOXO
population model (p=0.06). 10004
The blue lines represent the 5th, ]
50th and 95th percentiles of the
observed concentrations. The
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tethe 90% confidence interval
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The blue dots correspond to
observed values
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short 5 h post-infusion. This stands for only a short segment
of the concentration—time course and could be due to little
inaccuracies in the sampling times. The present PK analysis in
31 patients showed that albuminemia had a positive effect on
CP CL (1% per 1 g/L albumin, p=0.02). Higher albuminemia
could reflect a better hepatic function and, therefore, a higher
CP CL. Our findings are in agreement with the results reported
by Wilde et al. in a younger population cohort (17-59 years).
We did not observe significant difference (p =0.2) of CP CL
between the elderly (75-84 years) and very elderly (> 85
years) patient groups. However, the mean value of CP CL in

@ Springer

our study (3.58 L/h) is lower than the one obtained by Wilde
et al. (4.29 L/h) [13] and Joerger et al. (4.23 L/h) [14] in
younger patients (mean age 34 years and 56 years for Wilde
and Joerger, respectively). There is no significant difference of
CP PK between patients receiving or not receiving vincristine.

The PK of DOXO has been well documented in younger
patients [15, 16]. A two-compartment open model with lin-
ear elimination best estimated DOXO POPPK parameters. A
similar PK model was used in younger adults by Wilde et al.
and Joerger et al. [13, 14]. The calculated PK parameters
values in the present study are in accordance with previous
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Table 2 Final model estimated
population pharmacokinetic

Parameters

Covariate effect Estimate (RSE %) IV (RSE %)

parameters of CP CL (L/h)/40 g/L, 70/kg

V (L)/70/kg, men

Residual variability proportional

(ALB/400)’;S 3.58 (4.1) f5 5=0.43 0.158 (13.8)
(BW/70)*
(BW/70)! V(m)=32.2 (4.1) NA
V(H)=28.7
Peex=—0.115
0.269 (7.6) NA
sd=0.02

RSE% percent relative standard error, IIV inter individual variability, sd standard deviation, V volume of
distribution, CL clearance, ALB serum albumin, HB hemoglobin, NA not applicable, m male, f female; pro-
portional model was applied for the random effects

Table 3 Final model estimated
population pharmacokinetic

parameters of DOXO

Parameters Covariate effect Estimate (RSE %) IIV (RSE %)
CL (L/h)/70/kg, men (BW/70)0'75 % EXPPsex CL(m)=51.1 (6.66) 0.19 (19)
CL (f)=41.4
sex = 0.21
V1 (L)/70/kg, without vincristine (BW/70)! s EXPin V1=29.4(19) 0.58 (17)
V1 (vin)=57.8
ﬁvin =0.67
0 (L/h)/70/kg (BW/70)*7 49.6 (7.9) NA
V2 (L)/70/kg (BW/70)! 1130 (9.0) NA
Residual variability proportional 0.309 (8.2) NA
sd=0.025

RSE% percent relative standard error, IIV inter individual variability, CL total plasma clearance, VI cen-
tral volume of distribution, Q inter-compartmental clearance, V2 peripheral volume of distribution, NA not
applicable, m male, f female, vin vincristine, proportional model was applied for the random effects

reports [14, 17]. We observed that DOXO CL was signifi-
cantly higher in men than in women (51.1 L/h vs 41.4 L/h,
p=0.014) as it was reported by Dobbs et al. [18]. This is
probably due to higher LBM values in men than in women in
our study. This is consistent with published data demonstrat-
ing the correlation between LBM and DOXO PK [19]. Inter-
estingly, in this study BW was the best size descriptor for
CL and V terms. Moreover, PD parameters such as toxicity
were similar in men and women populations. Finally, a trend
of DOXO CL decrease with age was observed in accordance
with previously published data in younger patients [20].
The DOXO analysis showed that that vincristine adminis-
tration increases DOXO central volume of distribution and by
the way, may explain V1 inter-individual variability in old and
very old DLBCL patients in the RCHOP regimen. The use of
vincristine in combination chemotherapy with DOXO could
decrease hepatic metabolism of DOXO due to higher affinity
binding of P-gp by vincristine [21]. In fact, Ambukdkar et al.
[22] demonstrated that in liver, P-gp is present on the biliary
side of hepatocytes, consistent with the role of P-gp in the
excretion of xenobiotics and endogenous metabolites into the
bile. Interestingly, a significant difference of DOXO V1 was
observed when we compared DOXO V1 values for patients
who received vincristine with patients without vincristine
administration (p =0.008). As previously reported by Li et al.
[20], we observed no influence of advanced age on the DOXO
central volume of distribution which is consistent with data
published by Li et al. [20]. The major limitation of the study

is the relatively small number of patients (31) and the lack of
reference group of younger patients (<75 years). This could
explain the lack of significant age-related effect on the PK of
DOXO and CP in very old patients. Indeed, this study was
originally designed to compare PK behavior of R-mini CHOP
regimen administered to two groups of patients with DLBCL
(30 patients <75 years versus 30 patients > 75 years of age).
Unfortunately, due to inclusion difficulties, only patients over
75 years of age were included in this study. Moreover, the
reduced number of plasma samples after 30 h and the lack of
doxorubicinol concentrations could explain that the three-com-
partment model is not as accurate as previous published ones.

The present report provides new insights into the PK of
R-mini CHOP regimen administered to old and very old
cancer patients.

Conclusion

Usually, in the absence of specific data, the majority of
the physicians empirically reduce anticancer drug dose in
elderly patients [23], or even does not treat this patient popu-
lation. A better knowledge of the PK in very old patients
should allow a better dose adjustment based on the most
significant physiological factors that modify PK parameters.
In this study, no serious toxicity was observed in very elderly
patients (84.1 years). This indicates that dose adjustment
of chemotherapies should not only be based on age and
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creatinine CL, but also, based upon appropriate physiologi-
cal and biological data. Our findings indicate that CP dose
adjustment should be done according to serum albumin lev-
els and patients’ BW.

Based on this PK analysis the recommended CP dose
adjustment using the R code is:

1. 750 mg/m? for patient with BW =70 kg and albumine-
mia=40 g/L.

2. 365 mg/m? for cachectic patient with BW =40 kg and
albuminemia=20 g/L.

3. 1140 mg/m? for patient with BW =110 kg and albumine-
mia=47 g/L.

CPDOSE <- function(weight=70, albumin=40,
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tion: EB, AL. Couderc, analysis and interpretation of data: SH, FB,
SW, OM, KR. Manuscript writing and approval: EB, CV, SU, KR.
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Appendix 1

R code for dosing adaptation. Appendix Figure shows
examples.

typical.dose=750) {

pars <- function(weight=70, albumin=40) {

CL<-c(3.58) * (albumin/40) ~0.43* (weight/70)"0.75

return (c (CL=CL) )
}

xx <- pars()

xxx <- pars(weight=weight, albumin=albumin)

typdos <- typical.dose*1.73
typxpo <- typdos/xx

dosex <- xxx[l]*typxpo

dx <- data.frame (dose=c(typdos,dosex),

expo=c (typxpo,dosex/xxx[1]),

weight=c (70,weight),

albumin=c (40, albumin)

CL=c(xx[1], =xxx[1]

)

now

names (dx)<-c ("dose", "exposure.mg/L*h", "weight, kg", "albumin, g/L","CL, L/h")

rownames (dx) <- c(sprintf ("%.3gmg/m2 per 1.73m2",typical.dose),"actual

recommended dose")

print(dx, digits=3)

## indicate weight in kg and albumin in g/L

## equivalent dose for an exposure produced by a typical 750 mg/m? dose

## to a 1.73m? patient (70kg, 160cm)

This code can be copied-pasted directly on the R prompt, then use the “CPDOSE” function as, for

example :

CPDOSE (weight=70, albumin=40, typical.dose=750) ##typical patient, 70kg, 40g/L

CPDOSE (weight=41, albumin=19, typical.dose=750) ## cachectic patient

CPDOSE (weight=112, albumin=47, typical.dose=750) ## overweight, hyperalbuminemia

The code can also be copied in a text editor and saved in a “CP_dosing.R” file. Then drag and drop
the file on the R prompt and write the CPDOSE(...) function at the prompt as above.

@ Springer
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Appendix. Figure: The CPDOSE function is written or
copied at the prompt, with specific « weight » and « albu-
minemia » arguments. Thereafter, the function returns a two-
row table. The 1st row gives the dose and exposure for the
typical patient (70 kg and 40 g/L albumin, corresponding
1.73 m?) and the 2nd line gives the dose recommendation

for the specific patient. The « typica.dose » argument may
be changed if a different exposure is targeted. The three
examples show the results for the typical patient, a cachectic
patient and the same cachectic patient for which a greater
exposure (corresponding to 400 mg/m?) is targeted.

R R Console =2 = [::]
[Sauvegarde de la session précédente restaurée] n
> source ("C:\\Users\\surien\\Documents\\articles\\elodieCYCLOVCR\\cyclo_dosing §
> CPDOSE (weight=70, albumin=40, sex=1, typical.dose=375)
dose exposure.mg/L*h weight,kg albumin, g/L
375mg/m2 per 1.73m2 649 181 70 40
actual recommended dose 649 181 T 40
sex (l=male, 2=female) CL, L/h Vd, L
375mg/m2 per 1.73m2 1 3.58 32.2
actual recommended dose 2 3.58 32.2
> CPDOSE (weight=40, albumin=20, sex=1, typical.dose=375)
dose exposure.mg/L*h weight,kg albumin, g/L
375mg/m2 per 1.73m2 649 i81 70 40
actual recommended dose 316 181 40 20
sex (l=male, 2=female) CL, L/h Vd, L
375mg/m2 per 1.73m2 : | 3.58 32.2
actual recommended dose 4 175 18.%
> CPDOSE (weight=40, albumin=20, sex=1, typical.dose=400)
dose exposure.mg/L*h weight, kg albumin, g/L
400mg,/m2 per 1.73m2 692 193 70 40
actual recommended dose 338 193 40 20
sex (l=male, 2=female) CL, L/h Vd, L
400mg/m2 per 1.73m2 i B 3.8 32.Z
actual recommended dose ; i 1.75 18.4
> | »
< >

@ Springer



784

Cancer Chemotherapy and Pharmacology (2019) 83:775-785

References

10.

11.

12.

World Health Organization, National Institute on Aging, National
Institutes of Health, U.S. Department of Health and Human Ser-
vices (2011) Global health and aging. https://www.nia.nih.gov/
research/publication/global-health-and-aging/overview. Accessed
12 Feb 2017

United Nations, Department of Economic and Social Affairs,
Population Division. World population prospects, the 2017 revi-
sion. https://esa.un.org/unpd/wpp/. Accessed 12 Feb 2017
Soto-Perez-de-Celis E, de Glas NA, Hsu T, Kanesvaran R,
Steer C, Navarrete-Reyes AP, Battisti NML, Chavarri-Guerra Y,
O’Donovan A, Avila-Funes JA, Hurria A (2017) Global geriatric
oncology: achievements and challenges. J Geriatr Oncol. https
://doi.org/10.1016/j.jgo.2017.06.001 ([Epub ahead of print]
Review. PubMed PMID: 28642040)

The World Bank (2018) World Development Indicators. Life
expectancy at birth, total (years). http://data.worldbank.org/indic
ator/SP.DYN.LEOO.IN. Accessed 23 Sept 2016

Balducci L, Extermann M (2000) Cancer and aging. An evolv-
ing panorama. Hematol Oncol Clin N Am 14(1):1-16 (Review.
PubMed PMID: 10680068)

Balducci L, Extermann M (1997) Cancer chemotherapy in the
older patient: what the medical oncologist needs to know. Cancer
80(7):1317-1322 (Review. PubMed PMID: 9317185)
Tranchand B, Falandry C, You B, Girard P, Ribba B, Tod M,
Freyer G (2008) Pharmacology of anticancer drugs in the elderly:
tools for dose-adjustment. Bull Cancer 95:F21-F27. https://
doi.org/10.1684/bdc.2007.0541 (French. PubMed PMID:
18511363)

Kasel D, Jetter A, Harlfinger S, Gebhardt W, Fuhr U (2004)
Quantification of cyclophosphamide and its metabolites in urine
using liquid chromatography/tandem mass spectrometry. Rapid
Commun Mass Spectrom 18(13):1472-1478 (PubMed PMID:
15216508)

Gilbert CM, McGeary RP, Filippich LJ, Norris RL, Charles BG
(2005) Simultaneous liquid chromatographic determination of
doxorubicin and its major metabolite doxorubicinol in parrot
plasma. J Chromatogr B Anal Technol Biomed Life Sci 826(1-
2):273-276 (Epub 2005 Sep 15. PubMed PMID: 16168722)
De Baerdemaeker LE, Mortier EP, Struys MM (2004) PK in obese
patients. Contin Educ Anaesth Crit Care Pain 4:152-155
Crombag MR, Joerger M, Thiirlimann B, Schellens JH, Beijnen
JH, Huitema AD (2016) PK of selected anticancer drugs in elderly
cancer patients: focus on breast cancer. Cancers (Basel). https://
doi.org/10.3390/cancers8010006 (PubMed PMID: 26729170;
PubMed Central PMCID: PMC4728453)

Zulman DM, Sussman JB, Chen X, Cigolle CT, Blaum CS, Hay-
ward RA (2011) Examining the evidence: a systematic review of
the inclusion and analysis of older adults in randomized controlled
trials. J Gen Intern Med 26(7):783-790. https://doi.org/10.1007/
s11606-010-1629-x (Epub 2011 Feb 1. Review. PubMed PMID:
21286840; PubMed Central PMCID: PMC3138606)

@ Springer

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wilde S, Jetter A, Rietbrock S, Kasel D, Engert A, Josting A,
Klimm B, Hempel G, Reif S, Jachde U, Merkel U, Busse D,
Schwab M, Diehl V, Fuhr U (2007) Population PK of the BEA-
COPP polychemotherapy regimen in Hodgkin’s lymphoma and
its effect on myelotoxicity. Clin Pharmacokinet 46(4):319-333
(PubMed PMID: 17375983)

. Joerger M, Huitema AD, Richel DJ, Dittrich C, Pavlidis N, Bria-

soulis E, Vermorken JB, Strocchi E, Martoni A, Sorio R, Slee-
boom HP, Izquierdo MA, Jodrell DI, Féty R, de Bruijn E, Hempel
G, Karlsson M, Tranchand B, Schrijvers AH, Twelves C, Beijnen
JH, Schellens JH (2007) EORTC-PAMM-NDDG. Population PK
and PD of doxorubicin and cyclophosphamide in breast cancer
patients: a study by the EORTC-PAMM-NDDG. Clin Pharma-
cokinet 46(12):1051-1068 (PubMed PMID: 18027989)
Piscitelli SC, Rodvold KA, Rushing DA, Tewksbury DA (1993)
PK and PD of doxorubicin in patients with small cell lung cancer.
Clin Pharmacol Ther 53(5):555-561 (PubMed PMID: 8387903)
Sweatman TW, Lokich JJ, Israel M (1989) Clinical pharmacology
of continuous infusion doxorubicin. Ther Drug Monit 11(1):3-9
(PubMed PMID: 2911850)

Rudek MA, Sparreboom A, Garrett-Mayer ES, Armstrong DK,
Wolff AC, Verweij J, Baker SD (2004) Factors affecting phar-
macokinetic variability following doxorubicin and docetaxel-
based therapy. Eur J Cancer 40(8):1170-1178 (PubMed PMID:
15110880)

Dobbs NA, Twelves CJ, Gillies H, James CA, Harper PG, Rubens
RD (1995) Gender affects doxorubicin PK in patients with normal
liver biochemistry. Cancer Chemother Pharmacol 36(6):473-476
(PubMed PMID: 7554038)

Wong AL, Seng KY, Ong EM, Wang LZ, Oscar H, Cordero MT,
Copones R, Fan L, Tan SH, Goh BC, Lee SC (2014) Body fat
composition impacts the hematologic toxicities and PK of doxo-
rubicin in Asian breast cancer patients. Breast Cancer Res Treat
144(1):143-152. https://doi.org/10.1007/s10549-014-2843-8
(Epub 2014 Jan 31. PubMed PMID: 24481679)

LiJ, Gwilt PR (2003) The effect of age on the early disposition of
doxorubicin. Cancer Chemother Pharmacol 51(5):395-402 (Epub
2003 Apr 1. PubMed PMID: 12679882)

Safa AR, Roberts S, Agresti M, Fine RL (1994) Tamoxifen
aziridine, a novel affinity probe for P-glycoprotein in multidrug
resistant cells. Biochem Biophys Res Commun 202(1):606-612
(PubMed PMID: 7913604)

Ambudkar SV, Dey S, Hrycyna CA, Ramachandra M, Pastan I,
Gottesman MM (1999) Biochemical, cellular, and pharmacologi-
cal aspects of the multidrug transporter. Annu Rev Pharmacol
Toxicol 39:361-398 (Review. PubMed PMID: 10331089)
Tourani JM, Mourey L, Servent V, Nguyen T, Ravaud A, Girre
V, Favrel S, Pinel MC, Isambert N (2012) Influence of age on the
PK of i.v. vinflunine: results of a phase I trial in elderly cancer
patients. J Geriatr Oncol 3(1):41-48 (ISSN 1879-4068)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://www.nia.nih.gov/research/publication/global-health-and-aging/overview
https://www.nia.nih.gov/research/publication/global-health-and-aging/overview
https://esa.un.org/unpd/wpp/
https://doi.org/10.1016/j.jgo.2017.06.001
https://doi.org/10.1016/j.jgo.2017.06.001
http://data.worldbank.org/indicator/SP.DYN.LE00.IN
http://data.worldbank.org/indicator/SP.DYN.LE00.IN
https://doi.org/10.1684/bdc.2007.0541
https://doi.org/10.1684/bdc.2007.0541
https://doi.org/10.3390/cancers8010006
https://doi.org/10.3390/cancers8010006
https://doi.org/10.1007/s11606-010-1629-x
https://doi.org/10.1007/s11606-010-1629-x
https://doi.org/10.1007/s10549-014-2843-8

Cancer Chemotherapy and Pharmacology (2019) 83:775-785 785

Affiliations

E.Baudry' - S. Huguet? - A. L. Couderc? - P. Chaibi* - F. Bret? - C. Verny' - S. Weill? - 0. Madar? - S. Urien*> .
Keyvan Rezai?

' Unité de Geriatrie Aigiie CHU Bicétre, 78 Rue du Général 4 Hépitaux universitaires La Pitié-Salpétriére-Charles-Foix, 7
Leclerc, 94270 Le Kremlin-Bicétre, France avenue de la République, 94200 Ivry-sur-Seine, France
2 Radio-Pharmacology Department, Institut Curie, 35 Rue > INSERM, Paris, France

Dailly, 92210 Saint Cloud, France

Service de Médecine Interne, Gériatrie et
Thérapeutique-Assistance publique des hopitaux de
Marseille, 80 Rue Brochier, 13005 Marseille, France

@ Springer


http://orcid.org/0000-0002-3328-3102

	Cyclophosphamide dose adjustment based on body weight and albuminemia in elderly patients treated with R-mini-CHOP
	Abstract
	Background 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Design
	Eligibility criteria
	Sampling schedule
	Geriatric assessment
	Analytical methods
	Pharmacokinetic modeling

	Results
	Demography
	Pharmacokinetics
	Cyclophosphamide PK
	Doxorubicin PK

	Safety

	Discussion
	Conclusion
	References


