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Abstract Purpose: Recent clinical studies have dem-
onstrated a reduction of irinotecan (CPT-11) gastro-
intestinal toxicities when the CPT-11 is administered
in combination with thalidomide in patients with
diagnosis of colorectal cancer. The main purpose of
this study was to investigate possible interactions be-
tween CPT-11 pharmacokinetics and thalidomide to
explain the previously described gastrointestinal tox-
icity reduction. Methods: In our clinical trial, advanced
cancer patients were treated with CPT-11 on a dose of
350 mg/m2 at day 1 every 3 weeks. Only at the first
cycle, CPT-11 was administered in association with
thalidomide on a dose of 400 mg/day given from day
1 to day 14. From the second cycle, the treatment was
continued with irinotecan alone at the same dose.
Pharmacokinetics analysis of irinotecan and its
metabolites, SN-38 and SN-38-glucuronide, were per-
formed at the first and second cycle. Results: A total
of 19 patients entered the study. The pharmacokinetic
analysis were performed on 16 patients. Pharmacoki-
netic data suggested a decreased metabolism of irino-

tecan into SN-38 and SN-38-glucuronide when it was
administered with thalidomide. Indeed, area under the
time–concentration curve (AUC) of SN-38 was
significantly lower at the first cycle than the second
cycle (0.99±0.45 h·lg/ml vs 1.34±0.65, respectively,
P=0.027) whereas AUC of irinotecan and SN-38-
glucuronide were higher at first cycle than second
cycle (34.53±11.38 h·lg/ml vs. 28.42±12.23 h·lg/ml,
P=0.064 and 2.39±1.21 h(lg/ml vs. 1.86±1.11 h·lg/
ml, P=0.018, respectively). Conclusions: Our study
demonstrates a significant decreased metabolism of
CPT-11 into the active metabolite SN-38 when CPT-
11 is administered in association with thalidomide.
These observations strongly suggest an interaction of
thalidomide with CPT-11 metabolism and, at least in
part, it might explain the previously described
improvement in tolerability.
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drugs Æ CYP450: Cytochrome P-450 Æ ABC: ATP
binding cassette

Introduction

Irinotecan, a semisynthetic water-soluble anticancer
agent derived from the plant alkaloid camptothecin, is
widely used in the treatment of several types of solid
tumors [1–7]. The role of irinotecan was first estab-
lished in patients with advanced CRC, as single agent
after 5-FU failure, then in combination with 5-FU and
LV on first-line treatment [8–14]. Finally, it has been
evaluated in the adjuvant setting in patients with colon
cancer [15–16]. The dose-limiting toxicities of CPT-11
are represented by myelosuppression and delayed
diarrhea. A reversible, not cumulative and not pro-
longed neutropenia, of grade 3 or 4 occurs in 20–40%
of patients [17–22]. Instead, delayed diarrhea has
emerged as one of the most important side effects and
it is observed in up to 80% of treated patients when
CPT-11 is used as single agent at doses of 350 mg/m2.
With this schedule, grade 3 or 4 diarrhea occurs in
30–35% of patients, and it can be life-threatening if it
is not immediately treated with high dose loperamide,
oral and/or i.v. fluids or hospitalization. The risk of
infectious complications is increased when diarrhea
occurs and this can lead to sepsis in patients with
irinotecan-induced neutropenia [23]. Furthermore,
delayed grade 3–4 diarrhea is still observed in about
15–30% of patients when CPT-11 is used in combina-
tion with 5-FU [13–14]. Therefore, strategies that
reduce this toxicity should be of considerable value in
the clinical setting. Thalidomide, a central nervous
system sedative with potent teratogenic properties, has
been demonstrated to possess antineoplastic activity in
several tumors models [24–26]. Many mechanisms have
been put forth to explain the antineoplastic activity of
thalidomide [25–27]. It has been demonstrated that
thalidomide targets both the cancer cell and its
microenvironment; recent studies, using in vivo models
of angiogenesis, have shown that the drug is a potent
antiangiogenic agent, since thalidomide treatment can
decrease vascular density in granulation tissue [27].
Thalidomide has been investigated in several solid
and haematological tumors, alone and in combination
with cytotoxic drugs, with variable degrees of success
[28–32]. In particular, clinical studies have shown that
thalidomide has significant antitumour activity in the
treatment of multiple myeloma which become the most
common indication for its use in clinical practice.

In order to evaluate the antitumoral activity of a
combination including thalidomide and CPT-11, re-
cently a phase II clinical study has been performed in
patients with metastatic CRC [33–34]. Patients were
treated with thalidomide 400 mg/day per os adminis-
tered at bedtime continuously plus CPT-11 325–350 mg/
m2 i.v. repeated every 21 days. An interim analysis was

done after enrolment of the first nine patients and it
showed a striking absence of gastrointestinal toxicity; of
interest, only one patient experienced a grade 2 (NCI
scale) diarrhea. As described above, a grade 3 diarrhea is
expected in more than 30% of patients when CPT-11 is
administered every 3 weeks while in this study the inci-
dence of diarrhea was extremely low. Of the assessable
patients, one achieved a complete and two patients a
partial remission. A following phase II clinical study was
conducted on 18 patients with diagnosis of metastatic
CRC confirming previous results in terms of antineo-
plastic activity and toxicity, with a grade 3 diarrhea
(NCI scale) observed in only one (2%) patient [34–35].
Because of these findings and for the relevance that
CPT-11 has in clinical practice, we designed the present
study to provide an explanation for this effect. We per-
formed a pharmacokinetic analysis of CPT-11 in order
to evaluate the possible influence of thalidomide on iri-
notecan disposition in cancer patients.

Patients and methods

Patient selection

The main eligibility criteria included a histologically
confirmed diagnosis of malignant tumour with meta-
static disease or brain tumour; previous palliative
chemotherapy; age £ 70 years; ECOG performance
status of £ 2; measurable disease; leukocyte count
‡3,500 per mm3; platelet count ‡100,000 per mm3; serum
creatinine £ 1.3 mg/dl; serum bilirubin £ 1.5 mg/dl;
aspartate aminotransferase and alanine aminotransfer-
ase £ 2.5 times normal values; life expectancy more
than 3 months. Exclusion criteria were: symptomatic
cardiac disease, recent history of myocardial infarction,
active infections, and inflammatory bowel disease. The
study was approved by the local ethics committee, and
patients were informed of the investigational nature
of the study and their written informed consent was
obtained

Study design and treatment

Planned treatment consisted of CPT-11 infused over a
90 min period in 250 ml of NaCl 0.9% at the dose of
350 mg/m2 i.v. administered at day 1 every 3 weeks for a
maximum of 12 cycles. Thalidomide was administered at
dose of 400 mg/day per os at bedtime from day 1 to day
14 only at the first cycle. Because of the aim of the study,
thalidomide was not administered continuously but only
at the first cycle to see possible interactions of thalido-
mide on CPT-11 metabolism, and following the same
CPT-11 treatment proposed by Govindarajan et al. [33].
From the second cycle treatment was continued with
CPT-11 alone and stopped in case of progressive disease,
unacceptable toxicity or patient’s refusal. At the first and
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second cycle blood samplings were performed for
pharmacokinetic analyses of CPT-11 and its main
metabolites SN-38 and SN-38-glucuronide.

To prevent nausea and vomiting, ondansetron 8 mg
i.v. and dexamethasone 16 mg i.v. were administered
before CPT-11. Atropine 0.25 mg was given subcuta-
neously in case of cholinergic syndrome and given pro-
phylactically in the following cycles. Loperamide 2 mg
orally every 2 h and oral rehydration were prescribed in
case of delayed diarrhea. No prophylactic treatment
with cytokines was used. Granulocyte colony-stimulat-
ing factor in combination with antibiotics was used in
case of grade 4 neutropenia and fever ‡38�C. Treatment
was delayed if, on the planned day of treatment, neu-
trophils were <1,000 per mm3, platelets were <100,000
per mm3, persistent diarrhea, stomatitis or other toxici-
ties at grade higher than 1 were present. CPT-11 dose
modifications were based on the worst preceding toxicity
observed in each patient.

Pharmacokinetics

Pharmacokinetic analysis of CPT-11 and its main
metabolites, SN-38 and SN-38-glucuronide, was per-
formed in 16 patients at the first and the second cycle of
chemotherapy. Blood was withdrawn from a peripheral
catheter placed in a vein of the forearm at baseline, at
the end of CPT-11 infusion, and then 5 and 30 min and
2, 3, 4, 6, 24 and 48 h after the end of infusion. After
blood samples were immediately centrifuged, plasma
was stored at –20�C until the assay for concentrations of
CPT-11 and its catabolites was performed following a
high performance liquid chromatographic method pre-
viously reported [36]. Briefly, plasma concentrations of
total CPT-11 and SN-38 were evaluated following
extraction of plasma with methanol containing 0.1%
HCl 10 N; samples were then centrifuged and the clear
supernatant was evaporated to dryness in a SpeedVac
concentrator, equipped with a SPD 111V centrifuge and
a RVT 4104 refrigerated vapor trap (Savant, Holbrook,
NY). The resulting pellet was reconstituted in methanol
acidified with 0.1% HCl 10 N and eluted through a
lBondapack C18 stationary phase (300·3.9 mm, 10 lm;
Waters) by KH2PO4 0.1 M/acetonitrile (65:35, v/v) pH
4.0, containing sodium heptansulfonate 3 mM [36]. The
chromatographic apparatus was an Alliance system
(Waters) equipped with a model 474 scanning fluores-
cence detector (excitation and emission wavelengths, 375
and 525 nm, respectively). Data analysis was performed
by the Empower software (Waters) SN-38-glucuronide
plasma concentrations were determined by digestion of
samples with b-glucuronidase at 37�C for 2 h before
extraction, and the difference between peak height cor-
responding to SN-38 from b-glucuronidase-treated ver-
sus untreated samples corresponded to the plasma levels
of SN-38-glucuronide.

Individual plasma concentrations of drugs and their
catabolites were fitted according to a two-compartment

open model using nonlinear least-squares regression
analysis by means of a computer software (MWP-
HARM, MediWare, Groeningen, The Netherlands).
The calculation of pharmacokinetic parameters in-
cluded: AUC, t1/2b, Vd and CL, while Cmax and Tmax

were obtained from visual inspection of the plasma
profiles.

REC of irinotecan was calculated by the following
equation REC = AUCSN-38/AUCCPT-11. Moreover,
MR, defined as (AUCSN-38 + AUCSN-38-glucuronide)/
AUCCPT-11, BI, calculated as (AUCCPT-11) · (AUCSN-38/
AUCSN-38-glucuronide) and GR, evaluated as AUCSN-

38-glucuronide/AUCSN-38, were also determined for each
patient.

Assessability, toxicity, and response criteria

The pretreatment evaluation included history and
physical examination, performance status assessment,
complete blood cell with differential and platelet
counts, complete blood profile, tumoral markers when
indicated, urinalysis, ECG, chest X-ray or computed
tomography scan, abdominal computed tomography
scan and/or sonogram, and any other appropriate
diagnostic procedure to evaluate metastatic sites. During
treatment, a physical examination, a complete blood cell
count, blood profile, urinalysis and toxicity evaluation
was performed every 3 weeks, immediately before drug
administration. Sites of metastatic disease were radio-
logically re-evaluated every three cycles according to
RECIST criteria [37]. A chest X-ray and/or an abdom-
inal sonogram were repeated at least every 6 months if
there was no evidence of lung or abdominal disease,
respectively. Toxicities were scored according to stan-
dard NCI criteria. Duration of responses was calculated
from the first day of treatment to the date of first
observation of progressive disease or last examination.

Statistical analysis

The main objective of the study was to evaluate possible
pharmacokinetic interactions between thalidomide and
CPT-11 and its metabolites; secondary objective of the
study was to compare toxicities of CPT-11 + thalido-
mide (administered only at the first cycle) with CPT-11
alone (second and following cycles). The method
described by Friedman [38] was used to determine the
number of patients to be included. In particular because
grade 2–4 diarrhea incidence is observed in approxi-
mately 60% of the patients when CPT-11 is adminis-
tered at 350 mg/m2 every 3 weeks whereas previous
reports with CPT-11 + thalidomide have reported an
incidence of grade 2–4 diarrhea of less than 10%, our
objective was to demonstrate a difference in grade 2–4
diarrhea of 50% between the first and second cycle (10
vs. 60%, respectively). Therefore, for the Friedman’s
method with a two-side a of 0.05 and a power of 0.8
a minimum sample size of 17 patients receiving both
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CPT-11 + thalidomide and CPT-11 alone were needed.
Pharmacokinetic data from cycle 1 and cycle 2 were
pooled to calculated mean and standard deviation val-
ues, while differences between cycles 1 and 2 were
analysed by paired Student’s t test and checking for the
pairing with the Spearman correlation coefficient. All
calculations were performed by the GraphPad Prism 4.0
software (GraphPad, San Diego, CA) and all values are
represented as mean ± standard deviation. A P value of
<0.05 was considered to be significant.

Results

Patients and toxicity

As outlined in Table 1, 19 patients with advanced solid
tumors entered the study. Median age was 55 years
(range 28–70 years), ECOG performance status was 0–1
in ten patients and 2 in nine and most patients were
heavily pretreated. All patients with recurrent or pro-
gressive brain tumor and two with metastatic lesions to
the brain, nine patients in total, were on treatment with
steroids and AEDs. Overall, 72 cycles of CPT-11 were
administered with a median of 3 cycles per patient (range

2–12 cycles). Fourteen patients (74%) received no more
than 3 cycles of chemotherapy because of rapidly
progressive disease. Two of seven patients with diagnosis
of brain tumors continued thalidomide from the third
cycle up to the end of treatment with CPT-11. After first
cycle (with CPT-11+thalidomide) overall toxicities in-
cluded mainly nausea and vomiting (grade 2–3, 16% of
patients), diarrhea (grade 2, 5%; grade 3, 16%) and
somnolence (grade 2, 5%). After the second cycle (CPT-
11 alone), toxicities observed were mainly nausea and
vomiting (grade 2–3, 21%, grade 4, 5%) and diarrhea
(grade 2, 26.5%) (Table 2). Hematological toxicity was
rare; one episode of grade 3 neutropenia occurred at the
first and second cycle, no episodes of thrombocytopenia
were observed. Side effects associated more directly with
thalidomide as somnolence, vertigo and xerostomia were
infrequent and mild in intensity. Nine patients were
receiving enzyme-inducing AEDs (phenytoin and phe-
nobarbital) in combination with chronic dexamethasone
and the incidence of toxicities seemed to be the same in
comparison to patients not receiving AEDs. Five
patients received more than three cycles of chemother-
apy, but toxicities observed on following cycles were
mild (data not reported). With respect to the evaluation
of antitumor activity, all patients were assessable for
response, although tumour response was not a primary
end point of this study. We observed a minor response
in a patient with diagnosis of glioblastoma (defined as
25–50% reduction in disease), four patients (21%) with
a disease stabilizations and 14 (75%) progressions.
Minor response and disease stabilization lasted a median
of 5 months (range 2–8 months).

Pharmacokinetics

Sixteen of 19 patients were enrolled in the pharmacoki-
netic part of the study. In fact, because of grade 3 delayed
diarrhea at first cycle, three patients at second cycle
received CPT-11 at a reduced dosage and blood with-
drawal for pharmacokinetic analysis was not performed.
Pharmacokinetic analysis of CPT-11, showed a decreased
metabolism of the parent drug into the active metabolite
SN-38 when followed by thalidomide (Fig. 1). Indeed,
CPT-11 AUC value was higher at cycle 1 with respect to
cycle 2 (P=0.064) even though it was not statistically
significant, whereas mean AUC value of SN-38-glucu-
ronide was significantly lower at first cycle than at second
cycle (P=0.027) (Table 3). Moreover, at first cycle,
AUC value of SN-38-glucuronide was significantly in-
creased with respect to second cycle (P=0.018). The
comparison of pharmacokinetics of CPT-11 and its
metabolites with or without thalidomide did not reveal
any difference among Cmax, Tmax and t1/2b values
(Table 3). Further analysis demonstrated that thalido-
mide led to a decrease in BI, REC and MR values at first
cycle with respect to second cycle, when patients were
treated with CPT-11 alone even if only the decrease of BI
and REC was statistically significant (P=0.011 and

Table 1 Patients’ characteristics

n

Patients 19
Male 8
Female 11
Age (years) 55
Median (range) (28–70)
ECOGa performance status
0 5
1 5
2 9
Primary
Brain 7
Colon 4
Oesophagus 1
Stomach 1
Lung 1
Larynx 1
Uterus 2
Kidney 2
Number of metastatic sites
Single 9
Multiple 10
Sites of disease
Liver 9
Lung 8
Abdomen 3
Brain 9
Others 7
Previous chemotherapy treatments
1 2
2 9
3 8
Antiepileptic treatments
Phenobarbital 2
Phenytoin 7

aECOG Eastern Cooperative Oncology Group
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P=0.014, respectively). Instead, GR value was signifi-
cantly increased at first cycle during the treatment with
CPT-11 + thalidomide (2.56±1.00) with respect to the
second cycle (1.44±0.76; P=0.0003) (Table 3).

Discussion

Of late, CPT-11 has become one of the most important
anticancer drugs in the management of patients with
metastatic CRC and it has shown a clinical activity
against several types of tumors [2–7]. However, CPT-11
clinical advantages have been tempered by significant
adverse effects, the most important of which is an
unpredictable delayed diarrhea, sometimes associated
with myelosuppression, irrespective of the schedule used
[17–23]. Therefore, efforts to reduce the incidence of
severe diarrhea should be of considerable value.

Several trials have evaluated the antineoplastic
activity of thalidomide alone or in combination with
anticancer drugs with encouraging results in hemato-
logic malignancies and solid tumors [28–32]. Two small
phase II clinical studies have investigated the clinical
activity of thalidomide administered in association with
CPT-11 in patients with metastatic CRC. The data have
showed a response rate of about 30% [33–35] and a
striking decrease in incidence of gastrointestinal toxicity,
in particular severe diarrhea has been observed in only
1–2% of patients. These data have encouraged us to
investigate the possible interaction of thalidomide on
irinotecan disposition in cancer patients in an attempt to
provide an explanation of this clinical effect.

Clinical studies have demonstrated that there is a
significant relationship between high value of BI and the
severity of diarrhea induced by CPT-11 [40–42]. Note-
worthy, the present pharmacokinetic results provided a
possible explanation of decreased toxicities, previously
observed when CPT-11 was administered in combina-
tion with thalidomide, because it was found that the
combined treatment was significantly associated with
reduced BI and REC values and augmented GR value.

In particular, a significant decreased SN-38 AUC value
and increased CPT-11 and SN-38-glucuronide AUC
values were calculated at first cycle with respect those
obtained at the second cycle. These data suggest an
influence of thalidomide on CPT-11 metabolism despite
there being only few hypotheses about the sites of
interaction that could explain the gastrointestinal tox-
icities observed. First of all, thalidomide could affect the
main metabolic pathway of CPT-11 that yields SN-38
but, up to date, little is known concerning drugs that
could interact with carboxyl esterases, except for cipro-
floxacin and loperamide [43, 44].

Second, microsomial CYP 450 enzymes, in particular
the isoform CYP3A4, represent a parallel pathway of
CPT-11 activation [45]. In fact, irinotecan is metabolised
to yield APC, a second major inactive metabolite of
CPT-11, and NPC, which is produced in a negligible
percentage with respect to APC and may be further
converted into SN-38 [39]. However, several studies
suggest that a metabolic interaction between CPT-11
and thalidomide should be unlikely. Thalidomide
undergoes spontaneous hydrolysis and only a reduced
fraction is metabolized to hydroxylated compounds by
CYP2C19 [46]. Furthermore, in multiple mieloma pa-
tients, only three hydrolisys breakdown products were
detected in urine but no hydroxylated metabolites [47].
Finally, in vitro studies demonstrated that human he-
patic cytochromes did not metabolize thalidomide to
yield hydroxylated products at detectable levels [48,49],
while thalidomide did not affect liver metabolism of
several drugs which are substrate of CYPs, including
CYP3A4 [48].

The previously described marked reduction in gas-
trointestinal toxicity when CPT-11 was administered in
association with thalidomide was not observed in the
present study. A reason to explain the low incidence of
severe gastrointestinal toxicity observed could be that
almost half of the present patients received steroids
and AEDs. Clinical and preclinical studies have dem-
onstrated that AEDs and dexamethasone are potent
inducers of hepatic cytochrome P450 enzymes, thus

Table 2 Overall maximum toxicity/patient (19 evaluable patients)

Adverse event First cycle (CPT-11+thalidomide) Second cycle (CPT-11)

National Cancer Institute—Common Toxicity Criteria grade (%)

1 2 3 4 1 2 3 4

Nausea/vomiting 8 (42.4) 2 (10.6) 1 (5.3) 0 6 (31.8) 3 (15.9) 1 (5.3) 1(5.3)
Diarrhea 8 (42.4) 1 (5.3) 3 (15.9) 0 4 (21.2) 5 (26.5) 0 0
Stomatitis 1(5.3) 1 (5.3) 0 0 5 (26.5) 0 0 0
Neutropenia 1 (5.3) 1 (5.3) 1 (5.3) 0 1 (5.3) 2 (10.6) 1 (5.3) 0
Anemia 1 (5.3) 3 (15.9) 1 (5.3) 1 (5.3) 1 (5.3) 2 (10.6) 0 0
Somnolence 5 (26.5) 1 (5.3) 0 0 0 2 (10.6) 0 0
Insomnia 2 (10.6) 0 0 0 0 0 0 0
Vertigo 1 (5.3) 2 (10.6) 0 0 2 (10.6) 0 0 0
Peripheral neurotoxicity 1 (5.3) 0 0 0 0 0 0 0

Cholinergic syndrome: 7 patients (37.1%), Febrile neutropenia: 0 patients
Values in parentheses are in percentage
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increasing CPT-11 clearance [38] and improving treat-
ment tolerability despite higher CPT-11 doses [39]. For
these reasons, we cannot exclude that thalidomide can
offer a protection against diarrhea induced by CPT-11

because of the low number of patients (9 out of 19)
who were not taking steroids and AEDs. Moreover,
there are not data about a possible effect of thalidomide
on glucuronidation process or on excretion of CPT-11
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and its metabolites through ABC members, as well as P
glycoprotein (ABCB1) and ABCC2 as observed for
other drugs [50–52].

Overall, present results do not show a significant
reduction of gastrointestinal toxicities induced by CPT-
11 when the latter is combined with thalidomide.
However, a significant pharmacokinetic interaction be-
tween thalidomide and CPT-11 has been demonstrated,
emphasizing the important influence of drug interactions
on treatment tolerability of CPT-11-based chemother-
apy. Due to the complex metabolic pathways that yield
the active metabolite SN-38 from CPT-11, via both
carboxyl esterases and cytochrome P450 enzymes, sev-
eral drugs could significantly affect the disposition of
CPT-11 and its metabolites, and further researches will
be warranted.
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