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Abstract

Purpose Paclitaxel, a cytotoxic agent metabolized by

cytochrome P450 hepatic enzymes, is active for the

treatment of human immunodeficiency (HIV) associated

Kaposi’s sarcoma. Protease inhibitors are commonly used to

treat HIV infection and are known to inhibit cytochrome

P450. We sought to determine whether protease inhibitors

alter the pharmacokinetics of paclitaxel.

Methods Patients with advanced HIV-associated KS

received paclitaxel (100 mg/m2) by intravenous infusion

over 3 h, and plasma samples were collected to measure

paclitaxel concentration. The area under the curve (AUC)

was calculated using a combination of the log and linear

trapezoidal rule, and clearance was calculated as the dose/

AUC. Pharmacokinetics were compared with respect to

antiretroviral therapy and toxicity,

Results Thirty-four patients received paclitaxel, of whom

20 had no prior paclitaxel therapy and were assessable for

response. Twenty-seven had pharmacokinetic studies per-

formed. Paclitaxel exposure was higher in patients taking

protease inhibitors compared to those who were not taking

protease inhibitors. The increased exposure did not corre-

late with efficacy or toxicity. Of the 20 patients assessable

for response, 6 (30%) had an objective response and

median progression-free survival was 7.8 months (95%

confidence interval, 5.6, 21.0 months).

Conclusion Despite higher exposure to paclitaxel,

patients on protease inhibitors did not experience enhanced

toxicity or efficacy.

Keywords HIV infection � AIDS � Kaposi’s sarcoma �
Paclitaxel � Protease inhibitors

Introduction

The risk of Kaposi’s sarcoma (KS) is markedly increased in

individuals infected with the human immunodeficiency virus

(HIV) compared with the general population [1]. KS requires

infection with human herpes virus 8 (HHV-8), [2, 3] also

known as the KS-associated herpesvirus (KSHV), and

co-infection with HIV promotes KS development in HHV-

8-infected individuals by impairing immune responses to

HHV-8 and by inducing the production of cytokines and

growth factors that promote vascular proliferation [4–8].

It became common clinical practice beginning in the

1990s to use potent antiretroviral agents in combination in

order to maximally suppress HIV viral load, a strategy

widely known as ‘‘highly active antiretroviral therapy’’

(HAART) [9]. This strategy led to marked reduction in
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morbidity and mortality for patients with advanced HIV

infection, [10] and to a marked decrease in the incidence of

KS where HAART was widely available [11]. Neverthe-

less, KS still occurs in up to 15% of patients with HIV

infection and can produce substantial morbidity due to

disfiguring skin lesions, edema, or visceral involvement

that may require palliation with cytotoxic chemothera-

peutic agents.

Of the commonly used antiretroviral agents, the protease

inhibitors are among the most potent and are often an

integral component HAART [12, 13]. There are currently

10 commercially available protease inhibitors, which

include agents such as saquinavir, indinavir, ritonavir, and

nelfinavir that have been available for over a decade. All

protease inhibitors are metabolized by enzymes that are

part of the cytochrome P450 system. Protease inhibitors

may either inhibit or induce certain of these enzymes and

alter metabolism of other drugs that are metabolized by this

pathway [14]. Thus, the potential exists for interactions

between protease inhibitors and many other drugs,

including paclitaxel [15, 16].

Paclitaxel is a cytotoxic agent that is approved for the

treatment of advanced, KS [17–20]. Paclitaxel is exten-

sively metabolized, predominantly by the cytochrome P450

CYP2C8, CYP3A4, and CYP3A5, to inactive metabolites

[21] and is a substrate for ABCB1 [22]. The pharmacoki-

netics of paclitaxel are non-linear with saturable elimination

[23, 24]. Pharmacodynamic analyses have shown hemato-

logic and non-hematologic toxicity, response, and survival

to each correlate better with parameters of paclitaxel

exposure (e.g., duration of plasma concentrations exceed-

ing 0.05 or 0.1 lM) than with the administered dosage

[23, 25–29]. Limited data are available regarding the drug

interaction potential with protease inhibitors and chemo-

therapy and have been mixed [30, 31].

The Eastern Cooperative Oncology Group (ECOG) and

the AIDS Malignancy Consortium (AMC) jointly per-

formed a pilot trial to determine whether commonly used

protease inhibitors could alter the pharmacokinetics of

paclitaxel. We designed the trial to determine whether

concurrent use of protease inhibitors would substantially

increase the paclitaxel AUC, which has been linked with

pharmacodynamic outcomes, compared with historical data

evaluating paclitaxel in other cancer types.

Methods

Eligibility criteria

All patients were required to have a serologic diagnosis of

HIV infection and biopsy-proven, measurable, symptom-

atic KS with one of the following indications for

chemotherapy: progressive cutaneous disease, symptom-

atic oropharyngeal or conjunctival lesions, visceral

involvement, or symptomatic lymphedema. Other require-

ments included age C18 years, an Eastern Cooperative

Oncology Group (ECOG) performance status (PS) of 0, 1,

or 2, and adequate hematologic (absolute neutrophil count

[ANC] of C1,000/mm3, and platelet count C50,000/mm3),

renal (creatinine \1.5 mg or creatinine clearance [60 cc/

min), and hepatic function (SGOT\2.59 the upper limit of

normal [ULN] and bilirubin \1.59 the ULN). Other

requirements included no grade 2 or greater peripheral

neuropathy, active untreated infection, prior or concomi-

tant malignancy (other than curatively treated in situ car-

cinoma of the cervix or basal/squamous cell skin

carcinoma) or sensitivity to E.coli derived proteins. Prior

radiation therapy could not have been delivered to marker

lesions used to assess response and had to be discontinued

C7 days prior to registration. All patients provided written

informed consent. The protocol and consent were reviewed

and approved by the institutional review boards at each

participating institution.

When the trial was initiated, patients were required to

have had no prior paclitaxel treatment prior to registration.

Because of slow accrual, the trial was amended to allow

patients who were already receiving paclitaxel to enroll and

to receive one cycle of paclitaxel therapy with pharmaco-

kinetic analysis. Patients who had received prior paclitaxel

were eligible if they had stable or responding disease on

paclitaxel, had satisfactorily recovered from the toxic

effects of the previous treatment cycle (or a minimum

2 week interval had passed, whichever was longer); all

other eligibility criteria were met, and the treating physi-

cian agreed to prescribe the dose of paclitaxel specified in

the trial. Only patients who had no prior paclitaxel therapy

were assessable for efficacy.

Pretreatment and on treatment evaluation

Before study entry, all patients underwent an evaluation

consisting of a complete history and physical examination,

CD4 and CD8 lymphocyte counts, chest X-ray (CXR), and

measurement of KS lesions by physical examination. KS

tumor assessments were performed as described previously

[32]. Lesion counts and measurements were repeated after

every two cycles of therapy (4 weeks), CD4 and CD8

counts were repeated every 3 months, and chest X-ray was

repeated every 6 months if initially normal, or every

3 months if there was evidence of pulmonary KS.

Treatment

Patients were permitted to be on any of the commercially

available antiretroviral agents; zidovudine treatment was

828 Cancer Chemother Pharmacol (2011) 68:827–833

123



allowed if patients were on a stable dose and schedule for at

least 1 month. Paclitaxel was administered at a dose of

100 mg/m2 infused intravenously (IV) over 3 h every

14 days. No dose escalation was allowed. The patient’s

actual weight was used to calculate body surface area. All

patients were premedicated with diphenhydramine 50 mg

and cimetidine 300 mg IV (or other H2 receptor antagonist)

given IV 30–60 min prior to the infusion and dexamethasone

20 mg IV or orally immediately prior to the infusion.

Treatment was repeated every 2 weeks if the neutrophil

count was at least 1,000/mm3, platelets at least 100,000/

mm3, and the patient had adequately recovered from toxicity.

Treatment continued until the development of progressive

disease or prohibitive toxicity. Dose and schedule modifi-

cations were specified for hematologic and hepatic toxicity

and other Cgrade 3 toxicity. Patients who had received prior

paclitaxel received only one cycle of paclitaxel as part of the

study and were then removed from the protocol.

Supportive care

Granulocyte colony stimulating factor (G-CSF) was used if

there was persistent Cgrade 3–4 neutropenia on day 14

preventing the administration of paclitaxel on schedule or

a neutrophil count of \500/mm3 and fever or localized

infection requiring antibiotic use. Erythropoietin could be

used at the discretion of the treating physician in

patients with anemia. All patients with CD4 count \200

cells/microliter or \15% CD4 lymphocytes were requi-

red to receive Pneumocystis jiroveci pneumonia (PCP)

prophylaxis.

No medications were excluded due to their drug inter-

action potential.

Pharmacokinetic sampling and evaluation

Plasma samples were collected for pharmacokinetic anal-

ysis during cycle 1 at the following time points: prior to

administration of the first dose of paclitaxel, at 0.5, 1, 2,

2.5, and 2.8 h during the infusion, and at 0.08, 0.5, 1, 2, 5

and 21 h after the end of the infusion. Paclitaxel was

quantitated over the range of 0.02 to 10 lM by HPLC with

ultraviolet detection [33].

Individual plasma concentrations of paclitaxel were

analyzed using non-compartmental methods as imple-

mented in the computer software program WinNonlin

version 5.2 (Pharsight, Inc., Mountain View, CA, USA).

The maximum plasma concentration (Cmax) was the

observed value. The area under the plasma concentration–

time curve (AUC) value was calculated to the last quanti-

fiable sample (AUClast) by use of the linear trapezoidal

rule. The AUC values were extrapolated to infinity

(AUCinf) by dividing the last quantifiable concentration by

the terminal disposition rate constant (kz), which was

determined from the slope of the terminal phase of the

concentration–time profile. The clearance (Cl) was calcu-

lated by dividing the dose administered by AUCinf. The

duration spent at a paclitaxel concentration[0.05 lM was

calculated. If the percent AUC extrapolated was [25% or

the r2 on the kz was \0.9, the AUCinf, Cl, and duration

spent at a paclitaxel concentration [0.05 lM were not

reported.

Response criteria

Response was assessed only in patients who had no prior

paclitaxel before enrollment and coded as complete

response, partial response, stable disease, and progressive

disease using criteria that have been previously described

[34]. Tumor measurements and lesion counts were per-

formed by the treating physician, and the measurements

and response as coded by the treating physician were

recorded in the case report form. Case report forms were

reviewed centrally by ECOG data management staff to

assure that the coded response was consistent with the

protocol-defined response definitions.

Statistical analysis

Paclitaxel pharmacokinetic variables were summarized

using descriptive statistics. Pharmacokinetic measurements

were compared with respect to antiretroviral therapy

(no protease inhibitor vs. protease inhibitor) and toxicity

grade (grade 3–4 granulocytopenia toxicity yes vs. no)

using the Wilcoxon rank-sum test. Two-sided tests were

used for significance testing with the a priori level of sig-

nificance set at P \ 0.05. The Kaplan–Meier method was

used to estimate the distribution of overall survival and

progression-free survival.

Results

Patient characteristics

A total of 34 patients were accrued and treated between

June 19, 1997 and April 1, 2002. Of these, 27 had evalu-

able pharmacokinetic data (Group A), and 20 eligible

patients had no prior paclitaxel therapy and were assessable

for both efficacy and toxicity (Group B). Of the 34 patients

enrolled and treated, seven did not meet all eligibility

criteria because of missing data: baseline tumor measure-

ments (n = 1), documentation of KS diagnosis (n = 2),

documentation of HIV infection (n = 3), or baseline

measurements and documentation of HIV infection

(n = 1). The characteristics of these two groups are shown
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in Table 1. The median age was approximately 39 years,

most were male, the median ECOG PS was 1, and the

median CD4 count was 122/uL in Group A.

Treatment information

For the 20 patients who received paclitaxel as first-line

therapy (Group B), a total of 179 treatment cycles were

administered, and the median number of completed cycles

was 5 (range 1–43). Reasons for discontinuation of therapy

included progressive disease in 4 patients (20%), patient

withdrawal in 4 patients (20%), toxicity in 3 patients

(15%), treatment completion in 2 patients (10%), and a

variety of other reasons in 7 patients (35%).

Pharmacokinetic analysis

Pharmacokinetic studies were performed in 27 patients.

Sixteen patients were taking protease inhibitors [nelfinavir

(n = 6), indinavir (n = 3), or multiple inhibitors (n = 7)]

and 11 patients were not taking protease inhibitors. Phar-

macokinetic variables are listed in Table 2. There was a trend

for paclitaxel maximum concentration (Cmax) to be elevated

in the 16 patients taking one or more protease inhibitors

compared to the 11 patients not taking protease inhibitors

(1.47 ± 0.68 lM vs. 1.01 ± 0.34 lM; P = 0.11; Wilcoxon

t test). However, the paclitaxel area under the curve

(AUCinf), which was evaluable in 21 patients, was signifi-

cantly higher in the 15 patients taking protease inhibitors

compared to the 6 patients not taking protease inhibitors

(5.5 ± 2.2 lM h vs. 2.9 ± 0.7 lM h; P = 0.016; Wilcoxon

t test). Yet, there was no difference in the duration spent at a

paclitaxel concentration[0.05 lM (19.0 (3.0–27.8) h vs 6.7

(3.0–22.7) h; P = 0.97). Patients with higher paclitaxel

exposure did not experience more significant granulocyto-

penia (Cmax P = 0.96; AUCinf P = 0.83; Time [ C0.5 lM

P = 0.09; Wilcoxon t test).

Objective response, progression-free survival,

and survival

Of the 20 evaluable patients who received paclitaxel for the

first time, the best response to therapy was a partial

response in 6 patients (30, 95% confidence intervals 12,

54%), stable disease (SD) in 10 patients (50%), and pro-

gressive disease in 2 patients (10%). Two patients (10%)

could not be evaluated because they lacked baseline tumor

measurements. Median progression-free survival was

7.8 months (95% CI 5.6, 21.0 months), and median overall

survival had not been reached after a median follow-up of

Table 1 Patient characteristics

Group A Group B

Pharmacokinetic

cohort

No prior paclitaxel

No. 27 20

Age

Median 39 years 36 years

Range (27–57 years) (31–57 years)

ECOG performance status

0 15 9

1 10 9

2 2 1

Gender

Male 26 19

Female 1 1

Race/ethnicity

White 11 6

Hispanic 6 6

Black 9 8

Asian 1

CD4 (n = 25) (n = 18)

Median 122/uL 122/ul

Range 6–987 6–723

Prior opportunistic infections (OI)

PCP 8 6

MAI 2 2

Cryptococcal

Infection

2 1

Candida Esophagitis 10 7

Other 4 3

Overall OI 14 9

Table 2 Paclitaxel pharmacokinetic variables during cycle 1

(n = 27)

Pharmacokinetic parametersa

Cmax

(lM)

AUC(0-inf)

(lM�h)

Cl

(L/h/m2)

Antiretroviral

Indinavir alone 1.47 ± 0.40

(3)

5.8 ± 2.8

(3)

23.0 ± 8.8

(3)

Nelfinavir alone 1.76 ± 0.92

(6)

5.8 ± 2.2

(6)

22.7 ± 7.8

(6)

Multiple PIs 1.22 ± 0.48

(7)

5.0 ± 2.4

(6)

29.8 ± 16.1

(6)

Any PIs 1.47 ± 0.68

(16)

5.5 ± 2.2

(15)

25.6 ± 11.7

(15)

No PIs 1.01 ± 0.34

(11)

2.9 ± 0.7

(6)

41.6 ± 8.8

(6)

AUC area under the concentration–time curve, Cmax maximal plasma

concentration, Cls systemic clearance
a Values are reported as the average ± standard deviation (n)
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50 months in the 13 surviving patients; the 3-year survival

rate was 67% (95% CI 45, 89%).

Toxicity

Toxicity data for 20 patients who received paclitaxel as

first-line therapy is shown in Table 3. The toxicity profile

for the 27 patients who underwent pharmacokinetic studies

was similar (data not shown). The most common treatment-

related toxicities of grade 3 or higher occurring in more

than 10% of patients included granulocytopenia (40%),

infection (15%), and anemia (15%).

Discussion

We evaluated the pharmacokinetics and pharmacodynamics

of paclitaxel when used in combination with one or more

protease inhibitors in 16 patients with HIV-associated KS

and compared this to 11 patients who were not on a protease

inhibitor. Paclitaxel was given at a dose of 100 mg/m2 as a

3-hour intravenous infusion. The protease inhibitors used

included indinavir, nelfinavir, or combinations of these

agents at recommended doses and schedules. There was an

increase in paclitaxel total exposure (AUCinf) in patients on

the protease inhibitors but no significant changes in maxi-

mal exposure or duration above a concentration threshold

(Time [ C0.5 lM). However, other drugs that alter CYP3A4

or CYP2C9 activity were not controlled for and therefore

could limit our findings. In this study, the alterations in

pharmacokinetics were not associated with increased

toxicity. In addition, the efficacy and toxicity profile of

paclitaxel in patients with HIV-associated KS was similar to

previous studies performed in the pre-HAART era [17–19].

As HIV-infected individuals are living longer in the

HAART era, non-AIDS defining cancers are being diag-

nosed more commonly [35]. For many of these cancers,

such as lung and head/neck cancer that are common in

HIV-infected patients, paclitaxel is frequently used. Thus,

the relevance of understanding the potential pharmacoki-

netic interactions between paclitaxel and protease inhibitors

extends beyond the treatment of KS.

Although regression of HIV-associated KS has been

reported after initiation of HAART without additional

cytotoxic therapy, and HAART is an essential component

of therapy for such patients, chemotherapy has an impor-

tant and independent palliative role. For example, Martin-

Carbonero and colleagues randomly assigned 28 patients

with HIV-associated KS to receive HAART alone or in

combination with liposomal doxorubicin; after 48 weeks of

therapy, patients receiving liposomal doxorubicin had a

significantly better response rate (76% vs. 20%) [36].

Clearly, systemic chemotherapy still plays a major role in

the treatment of advanced, symptomatic KS.

The interaction between antiretroviral agents and cyto-

toxic agents has been evaluated in a number of trials.

Tulpule and colleagues reported a phase II trial of 107 male

patients with advanced HIV-related KS treated with pac-

litaxel (100 mg/m2 intravenously over 3 h every 2 weeks),

of whom 77% received protease inhibitors. No differences

in the incidence or severity of toxicity in the patients

receiving protease inhibitors compared to those who did

not were identified. No pharmacokinetic studies were per-

formed; however, [17] Fumagilli and colleagues reported

no effect of protease inhibitors on the pharmacokinetics of

liposomal daunorubicin [37]. Kappelhoff and colleagues

reported no difference in the pharmacokinetics of a single

patient treated with paclitaxel and nevirapine, a non-

nucleoside reverse transcriptase inhibitor, compared with

historical data [38]. Nanan Panday and colleagues evalu-

ated the pharmacokinetics of paclitaxel given for several

cycles with different antiretrovirals (indinavir, ritonavir,

saquinavir, and nevirapine) given in each cycle in a single

patient, and found no difference in the pharmacokinetics of

paclitaxel or the antiretroviral drugs in this individual

compared with historical pharmacokinetic data [30].

Ratner and colleagues evaluated the pharmacokinetics of

29 patients receiving cyclophosphamide, doxorubicin,

vincristine and prednisone (CHOP) chemotherapy with

HAART [39]. Although clearance of cyclophosphamide

was reduced 1.5-fold compared to historical controls,

Table 3 Treatment-related toxicity (n = 20)

Toxicity type PI (n = 15) No-PI (n = 5)

Grade 3 Grade 4 Grade 3 Grade 4

Leukopenia 4 (27%) – 1 (20%) 1 (20%)

Granulocytopenia 3 (20%) 3 (20%) – 2 (40%)

Thrombocytopenia – 1 (7%) – –

Anemia 2 (13%) 1 (7%) – –

Infection 3 (20%) – – –

GU 1 (7%) – – –

Diarrhea 1 (7%) – 1 (20%) –

Liver 1 (7%) 1 (7%) – –

Pulmonary 1 (7%) – – 1 (20%)

Cardiac – 1 (5%) – 1 (5%)

Skin – – 1 (20%) –

Neuro-motor 1 (7%) – – –

Metabolic 1 (7%) 1 (7%) – –

Abdominal cramps 1 (7%) – – –

Eye irritation 1 (7%) – – –

Fatigue 2 (13%) – – –

Ileus – 1 (7%) – –

Worst degree 7 (47%) 4 (27%) – 4 (80%)
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excessive hematologic toxicity was not observed. No sig-

nificant effects on doxorubicin clearance were seen.

Although these studies point out the paucity of data on the

pharmacokinetic interaction between antiretroviral drugs

and cytotoxic agents, they are also consistent with our

finding that there was no clinically significant drug–drug

interaction.

In conclusion, there appeared to be a detectable phar-

macokinetic interaction between paclitaxel and protease

inhibitors in this trial. However, there was no evidence for

increased toxicity. There is therefore no justification for

empiric dose adjustment of paclitaxel in patients with HIV-

related KS who are receiving the protease inhibitor therapy

utilized by patients treated in this trial.
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