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ABSTRACT

Purpose.This study evaluated age-related changes in phar-
macokinetic and pharmacodynamic parameters of nano-
particle albumin-bound paclitaxel (nab-paclitaxel) in patients
with metastatic breast cancer.
Methods. Forty patients received nab-paclitaxel (100 mg/m2

weekly for 3 weeks followed by a 1-week break) as first- or
second-line chemotherapy. Blood samples were collected for
analysis, and response was assessed every two cycles. Planned
statistical analyses included linear regression to examine the
relationship between age and pharmacokinetic variables (ln
clearance [CL] and lnareaunder the curve [AUC]) and two-sided
two-sample t tests to evaluate age differences in pharmacody-
namic variables. The association between chemotherapy
toxicity risk scores andpharmacokinetic andpharmacodynamic
variables including grade$3 toxicity were examined post hoc.
Results. Of 40 patients enrolled, 39 (98%) were evaluable
(mean age: 60 years; range: 30–81 years). A partial response

was achieved in 31%, and 38% had stable disease. There was
a borderline positive association between age and 24-hour ln
AUC (slope50.011; SE50.006;p5 .055). Grade3 toxicitywas
experienced by 26% (8% hematologic, 18% nonhematologic).
Therewerenodifferences inagebasedonthepresenceofgrade
3 toxicity (p5 .75), dose reductions (p5 .38), ordoseomissions
(p 5 .15). A significant association was noted between
chemotherapy toxicity risk score category and presence of
grade 3 toxicity (toxicity rate by risk score category: low, 5 of 30
patients;medium,3of6patients;high,2of3patients;p5 .041).
Conclusion. A borderline significant relationship exists be-
tweenage and24-hourAUC, but nodifferenceswerenoted for
pharmacodynamic variables (grade3 toxicity, dose reductions,
or dose omissions) based on age. There is an association
between toxicity risk score and grade $3 chemotherapy
toxicity and pharmacokinetic variables. The treatment is well
tolerated across all age groups.TheOncologist 2015;20:37–44

Implications for Practice: Older adults have been under-represented on oncology clinical trials, and few studies have evaluated
howolder adults tolerate cancer therapycomparedwithyoungeradults.Theobjective of this studywas to evaluate thedrug levels
of nanoparticle albumin-bound paclitaxel (nab-paclitaxel) across the aging spectrum. The study demonstrated a borderline
association between patient age and nab-paclitaxel drug levels, suggesting that drug levels increasewith age; however, therewas
no significant difference in toxicity, dose reduction, or dose omissions in older versus younger adults. The treatment was well
tolerated across all age groups.

INTRODUCTION

Cancer is a disease of aging, with older adults composing
approximately 60% of the patients with cancer [1]. Although
chemotherapy has been shown to benefit both younger
and older adults [2, 3], age is a risk factor for experiencing
chemotherapy toxicity [4–10].Despite theassociationofcancer
and aging and the association between age and treatment
toxicity risk, the majority of patients enrolled in clinical studies
are younger than the mean age of the population of patients

with thedisease [11].Thisunder-representationofolderadults
[12, 13] leads to a shortage of data on efficacy and toxicity of
cancer therapy in this population.

A possible explanation for age-related differences in
chemotherapy toxicity is variation in drug pharmacokinetics.
The majority of studies to date have reported small or no
differences in the pharmacokinetics of cancer therapy with
increased age; however, most of these studies focused on
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patients aged $65 years and did not include patients across
the age spectrum to truly identify whether age played a role
[14, 15]. Furthermore, factors in addition to increasing age are
associated with an increased risk of chemotherapy toxicity. In
a study of 500 patients with cancer receiving standard-of-care
chemotherapy, 10 factors in addition to age were identified
that placed a patient at increased risk of chemotherapy toxicity.
Of the 500-patient cohort, 179 patients were treated with
a taxane-based chemotherapy regimen.Apredictivemodelwas
developedassigninga risk score toeachvariable.The sumof this
score can be used to place patients in a low-, medium-, or high-
risk category for toxicity. This score provides insight into the
functional age of an older adult; however, the association of
these factors and drug pharmacokinetics is unknown.

The overall goal of this study was to evaluate age-related
changes in the pharmacokinetics and pharmacodynamics of
nanoparticle albumin-bound paclitaxel (nab-paclitaxel), which
is commonlyused in the treatmentofmetastaticbreast cancer,
non-small cell lung cancer, and pancreatic cancer. Nab-
paclitaxel consists of nanoparticles of hydrophobic paclitaxel
encased in human serum albumin. This composition obviates
the need for steroid premedication and is particularly
attractive for older adults who may have diabetes or who are
at riskofdeliriumwithsteroiduse.However,thegeriatricusage
section of the nab-paclitaxel package insert (Abraxane;
Celgene, Summit, NJ, http://www.celgene.com) states that
only 13% of the 229 patients in the registration clinical trial
wereaged$65years, and,2%wereaged$75years [16].This
study attempts to fill the gap in knowledge of age-related
differences in nab-paclitaxel pharmacokinetics and pharma-
codynamics and to explore how factors associated with
chemotherapy toxicity risk (functional age) are associated
with nab-paclitaxel pharmacokinetics.

PATIENTS AND METHODS

Study Design
This was an open-label, stratified, single-arm, clinical trial to
assess the relationship between age and the pharmacokinetic
variables (ln clearance [ln CL] and ln area under the curve [ln
AUC]). Forty patients with metastatic breast cancer receiving
first- or second-line chemotherapy with weekly nab-paclitaxel
were enrolled in this study (Fig. 1). Patientswere accrued from
four age strata: ,50, 50–59, 60–69, and $70 years. The
primary objective of the study was to determine age-related
changes in the pharmacokinetics and pharmacodynamics of
weekly nab-paclitaxel. The secondary objectives were to
determine response and time to event (progression or toxicity
that led to the patient being taken off treatment) and to
explore predictors of grade 3 or 4 toxicity or the need for dose
reductions and dose omissions. We also explored how the
factors associated with chemotherapy toxicity risk [5] are
associated with changes in the pharmacokinetics and phar-
macodynamics of nab-paclitaxel therapy. This study was
approved by the City of Hope National Medical Center
institutional review board. All study participants provided
written informed consent before enrollment.

Eligibility Criteria
Patients were eligible if they were aged $18 years with
metastatic breast cancer, were receiving first- or second-line

chemotherapy treatment, and met the following criteria:
Karnofskyperformance status (KPS)$70%; resolutionofgrade
$2 toxicity fromprior therapy (other than alopecia); grade#1
peripheral neuropathy; white blood cell (WBC) count$3,000
cells/mm3, absoluteneutrophil count (ANC)$1,500cells/mm3,
platelets $100,000 cells/mm3, and hemoglobin $9.0 g/dL;
adequate hepatic and renal function (aspartate amino-
transferase and alanine aminotransferase #2.5 times the
institutional upper limit of normal [ULN], alkaline phosphatase
#2.5 times the ULN unless bone metastases were present in
the absence of liver metastases, bilirubin #1.5 mg/dL, and
creatinine clearance $30 mL/min); negative pregnancy test
in patients of childbearing potential; and the ability to
understand andwillingness to sign awritten informed consent
document. Patients were ineligible if they were receiving any
other investigational agents, had untreated brain metastases
or symptomatic brainmetastases requiring escalating doses of
corticosteroids, had a known history of allergic reactions to
paclitaxel, had any serious or uncontrolled infection, were
lactating, or had received a taxane for adjuvant therapy or
metastatic disease in the last 12 months.

Drug Treatment and Sample Collection
Patients were administered i.v. nab-paclitaxel at 100 mg/m2

weekly for 3 weeks followed by a 1-week break, which
constituted 1 cycle. Blood samples were collected for
pharmacokinetic analysis with the first dose of nab-paclitaxel.
Patients were seen prior to treatment in week 1 andweek 3 of
each cycle. Toxicity was graded using the National Cancer
Institute Common Terminology Criteria for Adverse Events
(v3.0) andwasadjudicatedas attributable tonab-paclitaxel if it
was possibly, probably, or definitely related. Treatment was
held and the dose was omitted if a patient experienced grade
$2 sensory neuropathy; subsequently, treatment was re-
sumed at the next lower dose level after the sensory
neuropathy improved to grade #1. If toxicities grade $3
occurred, except for anemia, treatment was withheld until
resolution to grade#1 or baseline if baseline was higher than
grade 1, then reinstituted, if medically appropriate, at the next
lower dose level. If the blood counts did not meet the criteria
foreligibility(i.e.,WBC,3,000cells/mm3,ANC,1,500cells/mm3)
on the day of treatment, then the treatment was held and
granulocyte-colony stimulating factor was given with
subsequent treatments. Treatments skipped because of
toxicity were omitted, and total cycle length remained the
same.Restagingwasperformedevery twocycles.Responsewas
assessed by the Response Evaluation Criteria in Solid Tumors;
however, response was not confirmed via repeated computed
tomography scans within 4 weeks of response criteria being
met. Patients continued on the study until disease progression,
unacceptable toxicity, or physician or patient choice to
discontinue treatment. Blood for pharmacokinetic sampling
was collected during cycle 1, week 1, at the following time
points: 0, 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 24, and 48 hours.

Pharmacokinetic Sample and Data Analyses
Total and free paclitaxel in plasma were measured using
amodification of the liquid chromatography and tandemmass
spectrometry method of Gardner et al. [17]. Briefly, after the
addition of d5-paclitaxel (Cambridge Isotope Laboratories,
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Tewksbury, MA, http://www.isotope.com) as an internal
standard,totalpaclitaxelwasextractedfromplasmabyprotein
precipitation and free paclitaxel was extracted by ultracentri-
fugation using a Centrifree micropartition device (EMD
Millipore, Billerica, MA, http://www.emdmillipore.com). Fol-
lowing extraction, paclitaxel concentrations were determined
by reversed-phase liquid chromatography and tandem mass
spectrometry.The lower limit ofquantitation forpaclitaxelwas
4 ng/mL, and the intra- and interday accuracy and precision of
the assay were within610% of target values.

Pharmacokinetic data analyses were performed using
noncompartmental methods according to the rule of linear
trapezoids. Individual pharmacokinetic parameter estimates
for totalpaclitaxel (maximumserumconcentration [Cmax],AUC
[0–24hours], AUC [0–48hours], AUC [0 to infinity], andCL) and
free paclitaxel (Cmax) were determined and tabulated using
summary statistics (means with standard deviations and
medians with ranges).

Patient Questionnaire
A patient questionnaire was filled out by participants before
the start of treatment, prior to the third cycle, andat theendof
the study. It consisted of measures of functional status
(activities of daily living [18], instrumental activities of daily
living [19], self-reported KPS [20], and number of falls in the last
6months), comorbidity (OlderAmericansResourcesandServices
Physical Health Section [21]), cognition (Blessed Orientation-
Memory-Concentration Test [22]), psychological state (Hospital
Anxiety and Depression Scale [23]), social functioning and social
support (Medical Outcomes Study [18, 24]), and nutrition
(unintentional weight loss and body mass index).

Chemotherapy Toxicity Risk
Apredictivemodel forchemotherapy toxicity risk inolderadults
with cancer has been developed [5].The variables in themodel
include patient age ($72 years); creatinine clearance (,34mL/
min); presence of anemia defined, as ,10 g/dL; hearing
impairment; falls in the last 6 months; limitations in walking 1
block; the need for assistance with taking medications; and
decreasedsocial activities. Additional variableswere included in
the risk score (number of chemotherapy drugs, chemotherapy
dosing [standard vs. dose reduced], tumor type); however,
based on the protocol’s eligibility criteria, all participants would
have the same score for these specific variables (Table 1).

Statistical Analysis
This studywasdesignedasanopen-label, stratified, single-arm
trial to assess the relationship between age and the
pharmacokinetic variables ln CL and ln AUC. The sample size
of 40 subjects was chosen because it would provide at least
80% power with an a level of 0.05 (R2 can only increase; this
study is powered to be comparable to a two-tailed r) to find
arelationshipbetweenageand lnCL if agepredictsat least17%
of the variation in ln CL, assuming a standard deviation of 0.32
[25]. To be assured of getting adequate variability in age, we
defined 4 age strata (,50, 50–59, 60–69, and$70 years) and
required at least 10 patients in the,50 years age group and at
least 5 patients in the$70 years age group because these two
groups were expected to be the most difficult to accrue. Two-
sample Student’s t tests were used to compare the mean
pharmacokinetic parameters and mean age for differences
in the presence of grade $3 toxicity, the need for dose

Figure 1. Study schema. p, Based on National Cancer Institute Common Terminology Criteria for Adverse Events v3.0: 1, mild; 2,
moderate; 3, severe; 4, life-threatening/disabling; 5, death.

Abbreviations: GA, geriatric assessment; nab, nanoparticle albumin-bound; T, time point.
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reductions, and the need for dose omissions. Mean, median,
standard deviation, minimum, and maximum values were
provided for the pharmacokinetic parameters. Counts and
percentages were provided for maximum-grade toxicities
attributable to treatment. Kaplan-Meier methods were used
to estimate median event-free survival and overall survival.
Post hoc analyses included theuseof linear regression analysis
to examine the relationship between the chemotherapy
toxicity risk score [5], as an explanatory variable, and the phar-
macokinetic response variables (ln CL and ln AUC). Fisher’s
exact test was used to assess the association between toxicity
risk score category and presence of grade $3 toxicities
attributable to treatment. All analyses were done using the
statistical framework R [26].

RESULTS

Patient Characteristics
Thirty-nine (mean age: 60 years; range: 30–81 years) of the 40
patients enrolled with metastatic breast cancer who were
receiving first- or second-line chemotherapy were evaluable
for analysis. One patient was excluded from analysis because
she was found to be ineligible after starting study procedures.
The sample consistedof10patients aged,50years,5patients
aged50–59years, 15patients aged60–69years, and9patients
aged$70 years. Baseline characteristics are shown in Table 2.
Of the 39 evaluable patients, 85% (n5 33) had received prior
therapy (of those that received prior therapy 79% [n526] had
received prior chemotherapy and 85% [n5 28] had received
prior endocrine therapy). Seventy-nine percent (n5 31) of the
patients had breast cancers that were hormone receptor
positive. Our sample was 21% (n5 8) Hispanic and 79% (n5
31) non-Hispanic.The racial breakdownwas 18% (n57)Asian,
5% (n5 2) black, and 77% (n5 30) white.

Plasma Pharmacokinetics
A primary objective of the protocol was to determinewhether
a relationship existed between the pharmacokinetic parame-
ters and patient age. A borderline significant positive
association was noted between patient age and 24-hour ln

AUC (ln AUC24; slope5 0.011; standard error [SE]5 0.0057;
p5 .055; n5 36), whereas the relationship between patient
ageandlnCLwasnotsignificant (slope520.0074;SE50.0063,
p5 .25; n5 30). Descriptive statistics for the pharmacokinetic
variables fornab-paclitaxel are summarized in Table3.Ofnote,
data on total plasma paclitaxel AUC (0–24 hours) were
available for 36 of 39 subjects enrolled. Total paclitaxel AUC
(0–48 hours), AUC (0 to infinity), and CL data were available
only in 30 of 39 patients because of incomplete blood
sampling. Furthermore, although all collected samples were
analyzed for free drug concentrations, the levels of free pac-
litaxel fell belowthe limitofquantitationof theassay (4ng/mL)
within 6 hours of the dose in the majority of subjects.

Figure 2 represents the relationship between age and either
ln AUC (0–24 hours) and ln CL or between risk score and ln AUC
(0–24 hours) and ln CL graphically. In post hoc analyses using
univariate linear regression, a significant relationship was found
between the chemotherapy toxicity risk score and both ln AUC
(0–24hours; slope5 1.17; SE5 0.45; p5 .013;n5 36) (Fig. 2C)
and ln CL (slope520.96; SE5 0.44; p5 .04; n5 30) (Fig. 2D).

Response
The endpoints for this protocol included number of courses
completed, reasons for going off treatment, tumor response,
event-free survival, andoverall survival.Themediannumberof
courses completed was 4 (range: 1–28). Sixty-nine percent
(n527)ofpatientswentoff treatmentbecauseofprogression,
10% (n54)went off treatment for toxicity, 8% (n53)went off
treatment due to physician choice because the patients were
symptomatically improved and the doctor and patientwanted
a chemotherapy holiday, and 13% (n5 5) went off treatment
because of patient desire to discontinue treatment. Best
tumor response was 31% (n5 12) with partial response (PR),
38% (n5 15) with stable disease (SD), and 26% (n5 10) with
progressive disease, and 5% (n5 2) were too early (i.e., went
off treatment without tumor measurement). Consequently,
there was a PR rate of 31% (95% confidence interval [CI]:
17%–48%) and a combined PR and SD rate of 69% (95% CI:
52%–83%). Median event-free survival was 5.7 months (95%
CI: 3.2–9.2 months), and the median overall survival was 19.4
months (95% CI: 15.4–39.9 months).

Pharmacodynamics and Toxicity
Looking at highest grade toxicity experienced, 59% of study
participants (n5 23; 95% CI: 42%–74%) experienced grade 2
toxicities attributed to treatment, whereas 26% (n5 10; 95%
CI: 13%–42%) experienced grade 3 toxicities attributed to
treatment throughout the treatment courses (8 of the 12
events occurred in cycle 1). We observed 8% (n 5 3) grade 3
hematologic toxicities (neutrophils [n5 1; 3%], leukocytes [n5
2; 5%]) and 18% (n 5 7) grade 3 nonhematologic toxicities
(nausea [n5 1; 3%], hypophosphatemia [n5 1; 3%], diarrhea
[n5 1; 3%], infection without neutropenia [n5 3; 8%], fatigue
[n 5 2; 5%], and hyponatremia [n 5 1; 3%]). No grade 3
neurotoxicities occurred, but 8% of patients experienced grade
2 peripheral neuropathy. No patients experienced grade 4 or 5
toxicity. Table 4 summarizes the number and percentage of
patientswhoexperiencedmaximumgrade2 and3hematologic
and nonhematologic toxicities overall and by toxicity type.

Table 1. Chemotherapy toxicity predictive model

Risk Factor Score

Aged$72 years 2

Cancer type, GI or GUa 2

Chemotherapy dosing, standard dosea 2

No. of chemotherapy drugs, polychemotherapya 2

Hemoglobin,10 g/dL (female) 3

Creatinine clearance (Jeliffe, ideal weight,34 mL/min) 3

Hearing, fair or worse 2

No. of falls in last 6 months,$1 3

IADL: Taking medications, with some help or unable 1

MOS: Walking 1 block, somewhat limited or very limited 2

MOS: Decreased social activity because of physical or
emotional health, limited at least sometimes

1

aPatients received the same scores in the following categories based on
the protocol’s eligibility criteria: cancer type (score: 0), chemotherapy
dosing (score: 2), number of chemotherapy drugs (score: 0).
Abbreviations: GI, gastrointestinal; GU, genitourinary; IADL,
instrumental activities of daily living; MOS, Medical Outcomes Study.
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Table 2. Baseline patient demographics and characteristics

and questionnaire results

Characteristics Patients, n (%)

Age (years)

,50 10 (26)

50–59 5 (13)

60–69 15 (38)

$70 9 (23)

Educational level

Less than high school 4 (10)

High school graduate 9 (23)

Associate/bachelor’s degree 19 (49)

Advanced degree 7 (18)

Marital status

Single 7 (18)

Married 19 (49)

Separated, divorced 8 (20)

Widowed 5 (13)

Employment status

Full or part time 8 (21)

Retired, homemaker, unemployed 19 (48)

Disabled, medical leave 11 (28)

Student 1 (3)

Household composition

Lives alone 4 (10)

Lives with spouse, partner, or child 29 (75)

Other relatives and/or other 6 (15)

Ethnicity

Hispanic 8 (21)

Non-Hispanic 31 (79)

Race

White 30 (77)

Black 2 (5)

Asian 7 (18)

Doctor-rated KPS [27]

80 8 (20)

90 24 (62)

100 7 (18)

ECOG performance status [28]

0 12 (31)

1 27 (69)

Prior treatment

Prior drug therapy

Yes 33 (85)

No 6 (15)

No. of prior chemotherapy regimensa

0 7 (21)

1 16 (48)

2 6 (18)

3 4 (12)

Prior endocrine therapy

Yes 28 (85)

No 5 (15)

Table 2. (continued)

Characteristics Patients, n (%)

Patient questionnaire variables

Total comorbidities [21]b

Mean (SD) 2.1 (1.7)

Range 0-7

Unintentional weight loss

,5% 27 (69.2)

$5% 12 (30.8)

Mean (SD) 5.4 (6.9)

Range 0-34.6

IADL [19]

,14 22 (56.4)

$14 17 (43.6)

Mean (SD) 12.6 (1.9)

Range 6-14

MOS physical health [18]

Mean (SD) 55.1 (27.4)

Range 5-100

Timed up and go [29]

Mean (SD) 12.0 (3.5)

Range 7.6-25.4

Self-reported KPS [20]

Mean (SD) 90 (6.3)

Range 80-100

Falls

None 34 (87.2)

$1 5 (12.8)

Social activity [18]

Mean (SD) 53.4 (23.5)

Range 12.5-87.5

Social support [24]

Mean (SD) 80.2 (17.6)

Range 25-100

HADS [23]

,15 10 (25.6)

$15 29 (74.4)

Mean (SD) 25.8 (16.9)

Range 0-76

Blessed OMC [22]

,11 36 (94.7)

$11 2 (5.3)

Mean (SD) 4.9 (3.7)

Range 0-12
aChemotherapy regimens include adjuvant therapy.
bNumbers reflect three missing values.
Abbreviations: Blessed OMC, Blessed Orientation-Memory-
Concentration; ECOG, Eastern Cooperative Oncology Group; HADS,
Hospital Anxiety and Depression Scale; IADL, instrumental activities of
daily living;KPS,KarnofskyPerformanceStatus;MOS,MedicalOutcomes
Study; No., number.
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Dose reductions or dose omissions were experienced by
28% (n 5 11) and 38% (n 5 15), respectively. There were no
differences in the mean age based on the presence of grade 3
toxicity (mean difference [MD]: 1.68; 95% CI:29.3 to 12.7; n5
39;p5 .75),needfordosereductions(MD:24.89;95%CI:216.5
to 6.7; n5 39; p5 .38), or need for dose omissions (MD: 5.81;
95% CI: 22.3 to 13.9; n 5 39; p 5 .15). There were no
differences in themeanCLormeanAUCbasedon thepresence
ofgrade$3toxicity (CL:MD:20.21;95%CI:20.67to0.25;n5
30; p5 .34; AUC:MD: 0.34; 95%CI:20.12 to 0.81; n5 36; p5
.13), need fordose reductions (CL:MD:20.063; 95%CI:20.49
to 0.36; n 5 30; p 5 .75; AUC: MD: 0.058; 95% CI: 20.33 to
0.44;n536;p5 .76), or need fordose omissions (CL:MD: 0.1;
95%CI:20.22 to 0.42;n530;p5 .51; AUC:MD:20.079; 95%
CI: 20.39 to 0.23; n 5 36; p 5 .61). Post hoc analysis using
Fisher’s exact test determined that there was a significant
association between chemotherapy toxicity risk score cate-
gory and the presence of grade 3 toxicity attributed to
treatment (toxicity rate by risk category: low risk, 5 of 30

patients;medium risk, 3 of 6 patients; high risk, 2 of 3 patients;
p5 .041) (Fig. 3).

DISCUSSION

This studywas designed to elucidate the relationship between
patient age and thepharmacokinetics andpharmacodynamics
of weekly nab-paclitaxel among patients with metastatic breast
cancer.We found a borderline significant relationship between
patient age and pharmacokinetics, as measured by the 24-hour
AUC. The treatment was well tolerated, and there was no
significant relationship between patient age and the risk of
toxicity.Posthocanalysesfoundthatthepatient’schemotherapy
toxicity risk score [5]was associatedwith both the riskof toxicity
and the pharmacokinetic parameters (24-hour ln AUC, ln CL).

The pharmacokinetics of paclitaxel have been evaluated in
other studies. Lichtman et al. evaluated the pharmacokinetics
of paclitaxel 175 mg/m2 i.v. over 3 hours, delivered every
3 weeks. The pharmacokinetic data from 122 patients demon-
strated that increasing age was associated with increased AUC

Table 3. Nanoparticle albumin-bound paclitaxel pharmacokinetic parameters

Variable Sample size Mean (SD) Median (range)

Cmax, mg/mL 36 5,482 (3,976) 4,084 (2,052–20,300)

AUC (0–24 hours), mg/mL per hour 36 4,711 (2,777) 3,820 (2,031–14,360)

AUC (0–48 hours), mg/mL per hour 30 5,316 (3,001) 4,575 (2,283–14,880)

AUC (0 to infinity), mg/mL per hour 30 5,701 (2,953) 5,070 (2,614–15,100)

Clearance, L/h 30 37.16 (14.81) 37.15 (10.90–70.40)

Free Cmax, mg/mL 36 192.80 (169.90) 139 (68.5–959.70)

Abbreviations: AUC, area under the curve; Cmax, maximum serum concentration.

Figure 2. Graphical representations of the linear regression models predicting plasma pharmacokinetic parameters (ln AUC24, ln CL) as
response variables based on the explanatory variables of age and toxicity risk score.The regression line and thedatapoints are presented.
(A): ln AUC24 by age: ln AUC5 7.661 0.0113 age. Slope5 0.011; SE5 0.0057; p5 .055. (B): ln CL by age: ln CL5 3.972 0.00743 age.
Slope520.0074; SE50.0063;p5 .25. (C): ln AUC24by risk: ln AUC57.931 1.173 risk. Slope5 1.17; SE5 0.45;p5 .013. (D): ln CL by
risk: ln CL5 3.872 0.963 risk. Slope520.96; SE5 0.44; p5 .04.

Abbreviations: AUC24, area under the curve (0–24 hours); CL, clearance; SE, standard error.
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and decreased CL of paclitaxel. In addition, increasing age was
associated with a higher risk of grade $3 neutropenia and
lower ANC, although there was no increase in hospitalization,
receipt of i.v. antibiotics, or fever (body temperature.38°C)
[30]. Fidias and colleagues evaluated the pharmacokinetics of
weekly paclitaxel in 35 patients aged $70 years. Pharmaco-
kinetic sampling was performed in the first and sixth cycles
in eight patients. The authors compared these results with
values reported in a younger cohort and found no significant
difference by age. In addition, no significant difference in
paclitaxel pharmacokinetics was seen with repeated dosing
[31]. Smorenburg and colleagues evaluated the pharmacoki-
netics of weekly paclitaxel in 15 patients aged ,70 years
(paclitaxel 100mg/m2 i.v. administered over 1 hour) and eight
patients aged$70 years (paclitaxel 80 mg/m2 i.v. administered
over 1 hour) and found that older adults had lower CL of bound
and unbound paclitaxel. The older and younger patients
experienced similar decreases in ANC and WBC count despite
olderadults receivinga loweramountofpaclitaxel [32].Ourstudy
adds to this literature by evaluating nab-paclitaxel, specifically,
recruiting patients across the age spectrum to understand the
association of age and pharmacokinetics of nab-paclitaxel.
Furthermore, the samedoseand scheduleofnab-paclitaxelwere
administered in younger and older patients, allowing for direct
comparison of toxicity, dose reductions, and dose omissions.

Althoughourstudydidnot findanage-relateddifference in
toxicity patterns, numerous studies in the literature demon-
strate that older age is a risk factor for toxicity. The study by
Lichtman et al. [30] evaluating paclitaxel suggests an age-
related increase in myelosuppression. The mechanisms

underlying the association between increased chronological
age and poorer treatment tolerance is likely multifactorial in
nature. First, with aging comes a progressive decrease in
physiologic reserve, with a decline in organ function across the
age spectrum that occurs at a unique pace for each person [33,
34]. Because either cancer or cancer treatment can be a form of
physiologic stress, the age-related decrease in physiologic
reserve may affect one’s ability to tolerate cancer treatment.
Second, there are age-related changes in drug absorption,
distribution, metabolism, and excretion that could affect the
pharmacokinetics of cancer treatment and potentially lead to
higher drug levels and heightened toxicity. Third, factors in
addition to age can identify older patients who are at increased
risk of chemotherapy toxicity. These factors give a sense of the
functional age of an older individual. However, the predictive
value of these factors has not been applied across the age
spectrum, and the association of these factors with drug
pharmacokinetics is unknown.

We systematically evaluated each of these factors in this
study.First,we includedpatientsacrosstheagespectrum(with
specific inclusion and exclusion criteria with regard to organ
function) to truly understand the association between age and
drug pharmacokinetics. In addition, we sought to understand
the functional age of the patients by calculating a chemotherapy
toxicityriskscore.Thispredictivemodelforchemotherapytoxicity
[5], applied to this cohort, was able to identify patients at higher
toxicity risk and those patients with changes in drug pharmaco-
kinetics. These results provide support for the hypothesis that
chronological age alone is not an adequatemarker of toxicity risk
or drug pharmacokinetics, and a more detailed assessment is
needed to understand functional age. In fact, metastatic breast
cancer or its treatment may geriatricize some younger patients,
placing thematevengreater risk for toxicityandpharmacokinetic
changes than an older, healthy, and fit patient.

Ourstudyhas limitations. First, thedataabout the toxicity risk
score was published after our study was already under way.
Consequently, these analyses were post hoc and hypothesis
generating. Furthermore, the toxicity risk scorewas developed in
patients aged$65 years across all tumor types, and in this study,
we applied it to patientswith breast cancer across all age groups.

Despite these limitations, this studyhas importantstrengths.
It adds to the literature regarding changes in drug pharmaco-
kinetics and pharmacodynamics across the age spectrum.
Furthermore, it provides insight into the potential association
between functional age and drug pharmacokinetics. Further
studies are needed to establishwhether this association is valid.

Table 4. Worst grade of toxicity experienced

Toxicity type
Grade 2,
n (%)

Grade 3,
n (%)

Hematologic and nonhematologica 23 (59) 10 (26)

Hematologic toxicity 22 (56) 3 (8)

Hemoglobin 14 (36) 0 (0)

Lymphopenia 6 (15) 0 (0)

Neutrophils 9 (23) 1 (3)

Leukocytes 12 (31) 2 (5)

Nonhematologic toxicity 21 (54) 7 (18)b

Aspartate aminotransferase 3 (8) 0 (0)

Constipation 2 (5) 0 (0)

Dehydration 2 (5) 0 (0)

Diarrhea 3 (8) 1 (3)

Fatigue 10 (26) 2 (5)

Infection (without neutropenia) 13 (33) 3 (8)

Hyponatremia 0 (0) 1 (3)

Hypophosphatemia 0 (0) 1 (3)

Nausea 1 (3) 1 (3)

Sensory neuropathy 3 (8) 0 (0)

Vomiting 2 (5) 0 (0)
aThe counts and percentages are defined for the worst-grade toxicity
experienced by the patient. All grade 3 toxicities and grade 2 toxicities
that occurred in more than one patient are presented.
bNote that two patients experienced two toxicities: patient 1
experienced hypophosphatemia and nausea, and patient 2 experienced
diarrhea and infection.

Figure 3. Toxicity rate by risk score distribution.
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