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AbstractmTo assess the clinical usefulness of salivary
monitoring of irinotecan (CPT-11) and its active metabolite
(SN-38), we examined the clinical pharmacological profile
of both drugs in 9 patients with thoracic malignancies who
received 60 mg/m2 CPT-11 (21 courses). Plasma and
unstimulated whole saliva were collected over a 24-h
period, and concentrations of CPT-11 and SN-38 were
measured by high-performance liquid chromatography.
Both CPT-11 and SN-38 were detectable in saliva, and
the concentration-time curves in plasma and saliva showed
a very similar pattern. A good correlation was observed
between the saliva concentration (Cs) and the plasma
concentration (Cp) for both CPT-11 and SN-38 (r=0.732,
P50.0001 andr = 0.611, P50.0001, respectively). The
area under the concentration-time curve calculated for
saliva (AUCs) correlated with that generated for plasma
(AUCp) for both CPT-11 and SN-38 (r = 0.531,P = 0.012
and r = 0.611, P = 0.0025, respectively). These results
suggest that it may be feasible to use saliva instead of
plasma for pharmacokinetics/pharmacodynamics studies of
CPT-11.
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Introduction

Pharmacokinetics (PK) and pharmacodynamics (PD) stud-
ies of anticancer drugs are considered to be essential for the
efficient and safe administration of cancer chemotherapy.

Although frequent blood sampling is essential for precise
PK/PD analysis, it is painful for the patients, and the
drawing of blood increases the risk of biohazards for
clinicians. In comparison with blood sample collection,
the collection of saliva is noninvasive and does not require
special skill. Furthermore, monitoring of levels in saliva has
been reported to be useful for many therapeutic drugs [8].
However, salivary monitoring of anticancer drugs has
received little attention [3, 6, 21].

Irinotecan, 7-ethyl-10-[4-(1-piperidino)-1-piperidino]
carbonyloxycamptothecin (CPT-11), and its active metabo-
lite 7-ethyl-10-hydroxycamptothecin (SN-38) have been
reported to show promising antitumor activity against a
variety of tumor types. Several PK/PD studies using plasma
have been conducted [1, 5, 7, 10, 14–19, 22], but there has
been no detailed report describing their detectability in
human saliva. Only one report has mentioned two cases
in which CPT-11 was measured at the end of intravenous
infusions [1]. Herein we report on the clinical pharmaco-
logical profile of CPT-11 and SN-38 in saliva.

Patients and methods

Nine patients with inoperable lung tumors were included in this study.
The characteristics of the patients were as follows: median age, 67
(range 46–74) years; M/F ratio, 8/1; Eastern Cooperative Oncology
Group (ECOG) performance status of 0/1/2, 4/3/2 patients; no previous
chemotherapy, 6 patients; and histology of small/squamous/mesothe-
lioma, 7/1/1 patients. All patients met the standard phase-II-study entry
criteria, informed written consent was obtained from them before the
start of the treatment, and the study was approved by the institutional
review board.

CPT-11 was infused intravenously at 60 mg/m2 over 90 min weekly
for 3 weeks followed by a 1-week rest. On day 1 (week 1), only 60 mg/
m2 cisplatin was given over 60 min just after the end of the CPT-11
infusion. Patients were required to remain on therapy as long as their
disease was responding, unless toxicity prevented this. Blood samples
were obtained and subjected to drug measurement by high-perfor-
mance liquid chromatography (HPLC) as reported elsewhere [23]. In
brief, blood samples were collected into heparinized tubes before the
infusion; at 30, 60, and 90 min during the infusion; and at 30 min and
1, 2, 3, 5, 7, 10, and 24 h after the end of the infusion. After
centrifugation, 200µl plasma was extracted with 750µl methanol
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and centrifuged, and the supernatant was evaporated to dryness. The
dried extract was reconstituted with 400µl mobile phase solution
[acetonitrile-50 mM disodium hydrogen phosphate (28:72) containing
5 mM heptanesulfonate, adjusted to pH 2.0 with orthophosphoric acid].
After further centrifugation, 100µl of the supernatant solution was
injected into the HPLC system for fluoroescence detection (excitation
wavelength 380 nm, emission wavelength 556 nm).

Although several procedures, such as parafilm chewing [2, 12] or
citric acid stimulation [20], have been used for saliva collection, we
collected at least 2-ml samples of unstimulated whole saliva. Aliquots
of saliva (1.5 ml) were centrifuged at 10,000 rpm for 5 min at 20°C,
and 400µl of the supernatant was subjected to drug extraction and
measurement.

PK parameters were determined on the basis of a noncompart-
mental model using the computer program MULTI [24]. The area
under the concentration-time curve (AUC) was calculated by the
trapezoidal method to the last point of sampling, i.e., 25.5 h after the
start of the CPT-11 infusion.

Results

Both CPT-11 and SN-38 were detectable in saliva during
and after drug administration. The concentration-time (c-t)
curves generated for CPT-11 (Fig. 1A) and SN-38 (Fig. 1B)
in plasma and saliva showed a very similar pattern. The PK
parameters are listed in Table 1. For CPT-11 the time taken
for the peak saliva concentration to be attained (Tmaxs) was
approximately 15 min longer than that observed in plasma,
and the c-t curve showed a biexponential mode of decline,
with the half-life (T1/2βs) being 9.8 h, longer than that seen
in plasma (7.1 h).Tmaxs andT1/2βs (33.0 h) values recorded
for SN-38 showed the same pattern observed in plasma
(plasmaT1/2βp = 13.9 h).

Good correlation was observed between the saliva con-
centration (Cs) and the plasma concentration (Cp) for both
CPT-11 and SN-38 (r = 0.732,P50.0001 andr = 0.611,
P50.0001, respectively; Fig. 2A). The ratio of Cs to Cp (Cs/
Cp ratio) was approximately 65% for CPT-11 and 20% for
SN-38. In addition, there was no change in PK parameters
in the presence or absence of cisplatin coadministration,
suggesting no interaction between cisplatin and CPT-11.
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Table 1 Comparison of pharmacokinetic parameters of CPT-11 and SN-38 between plasma and saliva

AUCp

(ng/ml×h)
AUCs

(ng/ml×h)
Cmaxp
(ng/ml)

Cmaxs
(ng/ml)

Tmaxp

(h)
Tmaxs

(h)

CPT-11
Mean 2440 2299 545 442 1.5 1.7
SD 469 875 176 185 0.3 0.4

Maximum 3903 4180 1138 797 2.0 2.5
Minimum 1778 1091 357 203 1.0 1.0

SN-38
Mean 75.2 18.1 9.7 2.2 2.0 2.0
SD 28.8 9.5 3.3 0.6 0.7 0.4

Maximum 147.2 55.9 16.8 3.6 4.5 2.5
Minimum 45.5 10.4 6.3 1.4 1.5 1.0

Abrreviations: AUCp, area under the concentration-time curve for
plasma; AUCs, area under the concentration-time curve for saliva;
Cmaxp, peak plasma concentration; Cmaxs, peak saliva concentration;
Tmaxp, time to reach Cmaxp; Tmaxs, time to reach Cmaxs.
PK parameters were determined on the basis of a non-compartmental

model using the computer program MULTI (12) AUC was calculated
by the trapeziodal method to the last point of sampling, 25.5 h after the
the start of CPT-11 infusion. All the values were calculated from 21
data sets (12 data sets with cisplatin co-administration and 9 data sets
without co-administration) from nine patients.

Fig. 1A, B Plasma concentration-time curves generated for CPT-11 and
SN-38 in A plasma andB saliva in nine patients with thoracic
malignancy (Points mean values+SD, white circles CPT-11, and
black circlesSN-38)



The AUC value recorded for plasma (AUCp) correlated
with that noted for saliva (AUCs) for both CPT-11 and SN-
38 (r = 0.531, P = 0.012 andr = 0.611, P = 0.0025,
respectively; Fig. 2B).

Discussion

This study demonstrated for the first time the clinical
pharmacological profile of CPT-11 and its active metabo-
lite, SN-38, in human saliva. Statistically significant corre-
lations were observed between Cs and Cp, and between
AUCs and AUCp for both CPT-11 and SN-38.

Although for the whole patient-data set the coefficient of
correlation between Cs and Cp was not very high in the
present study, reflecting considerable interpatient variabil-
ity, the relationship between Cs and Cp in each patient was
clearly linear (data not shown). If the Cs/Cp ratio for an
individual can be determined by collecting both plasma and
saliva at one time point, sampling at the other time points

can be done using only saliva; the Cp value can then be
estimated from the calculated Cs/Cp ratio. There are several
factors that influence the Cs/Cp ratio for drugs, such as
plasma protein binding, molecular weight, lipid solubility,
pKa, and salivary pH [11]. The differences observed be-
tween CPT-11 and SN-38 with regard to the ratios of AUCp/
AUCs and Cmaxp/Cmaxsmay be attributable to differences in
the protein-binding characteristics of the two drugs [4, 13].
Changes in salivary pH have been shown to be wholly
dependent on changes in the salivary flow rate [11]. Several
investigators have reported that the correlation between Cs

and Cp becomes stronger after saliva secretion has been
stimulated [2, 12, 20], although we collected unstimulated
whole saliva samples. In addition, CPT-11-induced choli-
nergic effects might have influenced saliva secretion [9].
Therefore, we think that further studies are needed to
examine whether stimulation of saliva secretion might
reduce the inter- and intrapatient variability of the Cs/Cp

ratio.
Relationships between PK parameters in plasma, such as

AUCp, for CPT-11 and/or SN-38 and their toxicities have
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Fig. 2A Relationship between the
saliva drug concentration and the
plasma drug concentration for all
data sets used in the present
study.B Relationship between the
AUCs and the AUCp for all data
sets (21 courses in 9 patients)
used in the present study. (Lines
Linear regression lines)



been reported [1, 5, 7, 10, 14, 18, 19, 22]. Although in our
present preliminary study we could not perform satisfactory
PD analysis, one patient experienced ECOG grade 2 diar-
rhea and WHO grade 3 vomiting, and her AUCs values for
CPT-11 (4180 ng.h ml–1) and SN-38 (55.9 ng.h ml–1) were
higher than those of other patients who did not experience
severe toxicity. If data from future studies using larger
sample sizes confirm the usefulness of saliva sampling in
patients receiving CPT-11, it should be feasible to use saliva
instead of blood samples for PK/PD studies. This will be of
great benefit to both patients and clinicians.
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