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Abstract
Introduction To explore severe toxicities induced by
irinotecan-based chemotherapy and UGT1A1*6/*28 and
SLCO1B1*15/*15 genotypes.
Case report A 66-year-old Japanese male diagnosed with
left pharyngeal carcinoma (T2N2bM0, stage IVA) was
treated with irinotecan (70 mg/m2) on days 1, 8 and 15 in
combination with docetaxel (60 mg/m2) on day 1 of a 28-
day cycle. After the Wrst cycle, he suVered marked toxici-
ties, including grade 4 diarrhea and febrile grade 4 neutro-
penia. Plasma concentrations of irinotecan, SN-38 and SN-
38G were measured, and extensive accumulation of SN-38
was observed. Genotyping of UGT1A1 and OATP1B1
proteins showed UGT1A1*6/*28 and SLCO1B1*15/*15,
respectively, which are known to lead to extremely low
glucuronidation and transport activities of substrate drugs.
Conclusion The severe toxicities in this patient are attrib-
utable to the extensive accumulation of SN-38, which may
result from a synergistic or additive eVect of low metabolic
(UGT1A1*6/*28) and transport (SLCO1B1*15/*15)
capabilities.
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Introduction

Irinotecan (CPT-11) is metabolized by carboxylesterases
to form an active SN-38, which is further conjugated to
an inactive glucuronic acid conjugate (SN-38G) by UDP-
glucuronosyltransferase 1A1 (UGT1A1) [1, 2]. Large
interindividual variability in the pharmacokinetics of SN-
38 is likely to be associated with severe toxicities, such
as neutropenia and delayed-type diarrhea [3–5]. Polymor-
phism of the UGT1A1 gene is known to play an important
role in irinotecan pharmacokinetics and severe toxicities.
UGT1A1*28, characterized by an extra seventh dinucleo-
tide (TA) insertion in the (TA)6TAA-box in the promoter
region, leads to decreased glucuronidation of SN-38;
thus, genotyping of *28 allele could help to predict irino-
tecan-associated toxicity [6, 7]. In addition, UGT1A1*6
(211G>A) variant, highly observed in the Asian popula-
tion, is associated with a reduction in SN-38 glucuronide
formation [8–10]. Organic anion transporting polypep-
tide 1B1 (OATP1B1, gene SLCO1B1), expressed on the
basolateral membrane in hepatocytes, has been reported
to contribute to the hepatic uptake of SN-38 [11]. Recent
reports suggest that the SLCO1B1*15 haplotype
(388A>G and 521T>C) results in decreased uptake activ-
ity of SN-38, leading to increased plasma concentration
of irinotecan and SN-38 [12–14]. Here, we report the
case of a patient homozygous for SLCO1B1*15 and com-
pound heterozygous for UGT1A1*6 and *28, who
suVered from marked accumulation of SN-38 after irino-
tecan-based chemotherapy, resulting in life-threatening
toxicities.
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Case report

The patient was a 66-year-old Japanese male who came to
the hospital after becoming aware of a left neck mass, and
left hypopharyngeal squamous cell carcinoma (T4N2bM0,
stage IVA) was diagnosed. He received 5-Xuorouracil-
based chemotherapy and radiotherapy. The primary
hypopharyngeal carcinoma responded well to chemoradio-
therapy. Eight months later, he received combination
chemotherapy of irinotecan and docetaxel, because a recur-
rence of neck metastasis was detected by computed tomog-
raphy (CT) scan. Pretreatment laboratory tests revealed
total leukocyte count, 4,800/�L, absolute neutrophil count
4,080/�L, platelet count 253 £ 103/�L, hemoglobin 12.0 g/
dL, total bilirubin 1.0 mg/dL, serum aspartate aminotrans-
ferase (AST) 24 IU/L, serum alanine aminotransferase
(ALT) 27 IU/L, alkaline phosphatase (ALP) 417 IU/L, and
serum creatinine (Cr) 0.61 mg/dL. He had an Eastern Coop-
erative Oncology Group (ECOG) performance status of 0
and received only oral famotidine 20 mg/day for at least
one month. In the Wrst cycle, irinotecan at a dose of 70 mg/
m2 on days 1, 8 and 15 in combination with docetaxel at a
dose of 60 mg/m2 on day 1 were administered in the
absence of premedication to reduce irinotecan-induced
delayed diarrhea. After the Wrst cycle, he suVered marked
toxicities, including grade 4 watery diarrhea (10–18 times/
day) on day 8–10, for which he was treated with lopera-
mide (2 mg/day) on day 10, and febrile grade 4 neutropenia
(nadir 36/�L) on day 9 according to the Common Termi-
nology Criteria for Adverse Events, Version 3.0 (CTCAE
v3.0). Electrolyte disturbance followed by stupor due to
severe diarrhea occurred, for which he was administered
Xuids and electrolytes parenterally. Moreover, he required
the continuous administration of granulocyte-colony stimu-
lating factor and cefepime; therefore, chemotherapeutic
treatment on day 8 was discontinued. Despite the adverse
eVects, he subsequently received a second cycle of this reg-
imen because of the excellent response. In the second cycle,
the dose of irinotecan and docetaxel were reduced to 27 and
36 mg/m2, respectively. Pretreatment laboratory data Wnd-
ings were: total bilirubin 1.2 mg/dL, AST 24 IU/L, ALT
21 IU/L, ALP 338 IU/L, and Cr 0.65 mg/dL. Prior to the
second cycle of therapy, his informed consent was obtained
for participation in an irinotecan pharmacokinetic and phar-
macogenetic study, which was approved by the Ethics
Review Board of Tottori University. The patient completed
the second cycle of therapy, although he had grade 3 neu-
tropenia with prophylactic granulocyte colony-stimulating
factor support, but not diarrhea despite an absence of
premedication.

The life-threatening toxicities (diarrhea and febrile neu-
tropenia) observed after the Wrst cycle of irinotecan-based
chemotherapy raised the suspicion of a deWciency in drug

metabolism. Blood samples were obtained 2, 8 and 23 h
after the start of irinotecan infusion (90 min intravenous
infusion) on day 1 of the second cycle. Serum concentra-
tions of total irinotecan and its metabolites were measured
by high-performance liquid chromatography according to
previously described methods [15, 16]. Pharmacokinetic
parameters were estimated by the Bayesian method using
Klein’s population pharmacokinetic parameters as initial
parameter sets [17]. In order to explore the pharmacokinetic
proWles of this case, we incorporated our previously
reported patients as a control [13], who had the UGT1A1*1/
*1 genotype (two were heterozygous for SLCO1B1*15
allele and two were noncarriers of *15 allele), into Fig. 1.

Fig. 1 Serum concentration (normalized by irinotecan dose mg/m2)
proWles of irinotecan and its metabolites after a 90 min intravenous
infusion of irinotecan. Closed circles, this case (irinotecan dose at
27 mg/m2); open circles, UGT1A1*1/*1 patients (our previous patients
[13], two were heterozygous for SLCO1B1*15 allele and two were
non-carriers of *15 allele) (60–100 mg/m2, n = 4). Each value is
expressed as the mean § SD
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The area under the concentration–time curves from time
zero to inWnity (AUCs) of irinotecan (dose of 27 mg/m2),
SN-38, and SN-38G were 1,405.7, 189.0 and 174.3 ng h/
ml, respectively. The AUC ratio of SN-38G to SN-38
(AUCSN-38G/SN-38 ratio) was 0.92. SN-38 and SN-38G
serum concentrations normalized by the irinotecan dose
(27 mg/m2) in this patient were higher and lower than the
corresponding mean values in the control patients
(60»100 mg/m2, n = 4), respectively. Also, SN-38 and SN-
38G AUCs normalized by the irinotecan dose (mg/m2)
were 338% higher and 34% lower in this patient (7.0 and
6.5) compared with the mean values in control patients
(1.6 § 0.4 and 9.8 § 3.7, mean § SD). Genotyping and
haplotyping of the SLCO1B1*15, UGT1A1*6 and *28 were
identiWed by either polymerase chain reaction (PCR)-
restriction fragment length polymorphism or direct
sequencing analysis, as described previously [13]. Diplo-
typing of the UGT1A1*6/*28 was determined using
subcloning of PCR fragments containing both alleles and
direct sequencing analysis. He was heterozygous for both
UGT1A1*6 and *28. Additional genotyping analysis indi-
cated that this patient was a homozygous carrier of the
SLCO1B1*15 allele.

Discussion

Our patient experienced life-threatening toxicities involv-
ing neutropenia and diarrhea following irinotecan plus
docetaxel chemotherapy. Docetaxel is primarily eliminated
by a metabolic enzyme, cytochrome P450 (CYP) 3A4 [18];
however, this patient did not receive any medications
known to inhibit CYP3A4, and also had neither liver nor
renal dysfunction; therefore, the severe toxicities observed
in this case could not be explained by CYP3A4-mediated

interactions. The AUCSN-38G/SN-38 ratio in our patient was
lower than the previously reported median value of 2.03
(range 1.65–3.26) or 3.65 (2.05–4.92) in Japanese subjects
with UGT1A1*6/*28 or *28/*28 genotypes, respectively
(Table 1), suggesting markedly low SN-38 glucuronidation
capacity. Therefore, in our patient, the SN-38 concentration
after irinotecan administration (dosage of 70 mg/m2) in the
Wrst cycle can be considered surprisingly high, resulting in
severe toxicities. Severe neutropenia has been reported in
UGT1A1*28/*28 patients whose serum SN-38 levels were
high [7]. Recent studies indicate that the UGT1A1*6 allele
is associated with low glucuronidation activity and is
involved in severe neutropenia. Minami et al. [9] reported
severe neutropenia after irinotecan therapy in a patient with
UGT1A1*6/*28 genotype.

Our patient was a homozygous carrier of the
SLCO1B1*15 allele. Nozawa et al. [11] reported that SN-
38 is a very good substrate for OATP1B1, which is
expressed on the basolateral membrane in hepatocytes,
responsible for the hepatocellular uptake of SN-38 from the
systemic circulation. Han et al. [14] reported that the
SLCO1B1*15 variant was associated with increased sys-
temic exposure of SN-38 but not irinotecan; similar results
were recognized in our patient. In contrast, we [13] and
Xiang et al. [12] found that the SLCO1B1*15 variant led to
not only increased SN-38, but also irinotecan systemic
exposure. Although the reasons for the discrepancy with
their Wndings are not clear, these Wndings suggest that
low transport activity of OATP1B1 attributable to the
SLCO1B1*15 variant leads to increase systemic exposure
to SN-38. A signiWcant relationship between the
SLCO1B1*15 allele and severity of neutropenia has been
reported [14]. These studies also showed a low AUCSN-38G/

SN-38 ratio in patients with the SLCO1B1*15 allele [12–14],
which is probably due to reduction of the hepatocellular

Table 1 EVect of UGT1A1 
and SLCO1B1 genotypes 
on AUCSN-38G/AUCSN-38 ratio 
in Asian cancer patients 
[9, 12, 13]

Reference Genotype N AUCSN-38G/AUCSN-38 ratio

UGT1A1 SLCO1B1

This case *6/*28 *15/*15 1 0.92

[9] *1/*1 55 6.13 (4.72–7.79)a

*1/*6 32 4.03 (2.74–5.97)a

*6/*6 5 1.19 (1.06–3.74)a

*1/*28 26 3.65 (2.76–5.21)a

*28/*28 4 3.65 (2.05–4.92)a

*6/*28 7 2.03 (1.65–3.26)a

[12] *1a/*1b, *1b/*1b 54 8.91 § 7.45b

*1b/*15, *15/*15 11 3.57 § 1.95b

[13] *1/*1 *1a/*1b, *1b/*1b, *1a/*15, *1b/*15 4 6.16 § 1.30b

*1/*6 *1b/*15 2 2.67, 3.19

*1/*1 *15/*15 1 3.32
a Interquartile range
b Mean § SD
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uptake of SN-38 via OATP1B1 in patients with the
SLCO1B1*15 allele. Our patient with UGT1A1*6/*28
had a lower AUCSN-38G/SN-38 ratio (0.92) than Japanese
cancer patients with the corresponding UGT1A1 genotype
(Table 1). Hence, a synergistic or additive eVect of
UGT1A1*6/*28 with SLCO1B1*15/*15 on hepatic SN-38
disposition may contribute to the excessive accumulation of
SN-38, resulting in the severe neutropenia observed in this
patient.

Some studies failed to show a signiWcant association
between the UGT1A1*6 and/or *28 variants and diarrhea
severity [7–10]. Ando et al. [6] reported that a genotype
either homozygous or heterozygous the UGT1A1*28 is a
risk factor for not only severe neutropenia but also diarrhea
by irinotecan. On the other hand, Han et al. [14] did not Wnd
a signiWcant relationship between the SLCO1B1*15 allele
and severe diarrhea. In contrast, we previously experienced
severe neutropenia and diarrhea after irinotecan-based
chemotherapy in a patient with SLCO1B1*15/*15 [13].
DiVerences in irinotecan dosage, coadministered chemo-
therapeutic drugs and treatments for diarrhea may contrib-
ute to the discrepancy between these polymorphisms and
diarrhea severity.

SN-38 is formed from irinotecan in the liver by carboxy-
lesterases, then apparently transported back into the circula-
tion, and then supposedly transported from blood back into
hepatocytes by among other transporters, except for
OATP1B1. The second step occurs despite competing path-
ways, including intracellular glucuronidation by multiple
UGT isoforms and the occurrence of active eZux of SN-38
on the hepatobiliary surface by multiple ATP-binding cas-
sette transporters [19]. The overall complexity of the SN-38
elimination pathway makes it diYcult to comprehend that a
single haplotype in a single gene would be associated with
such large phenotypic changes. However, Han et al. [20]
recently reported that SLCO1B1 521T>C variant is inde-
pendently associated with higher AUC of SN-38 and severe
neutropenia among genetic polymorphisms in candidate
UGT and transporter genes, suggesting that SLCO1B1 vari-
ant is an important factor for the variability in SN-38 dispo-
sition.

The combined genotype of UGT1A1*6/*28 and the
SLCO1B1*15/*15 may be strongly associated with the
excessive accumulation of SN-38, resulting in irinotecan-
related severe toxicities. The frequency of homozygotes
and compound heterozygotes for *6 and *28 is reported to
be about 9% in Japanese [9]. Moreover, the homozygous
carrier for SLCO1B1*15 allele can be observed at extremely
low frequency (0.8% in Japanese) [21]. Although this
particular combination genotype is very rare, combined
genotyping of UGT1A1*6, *28 and SLCO1B1*15 variants
may be useful in irinotecan-based chemotherapy to avoid
life-threatening toxicities.
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