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Abstract
It has been reported that there are differences in effects on irinotecan-induced adverse reactions between UGT1A1*6 and
UGT1A1*28. In order to compare those differences in the Japanese population, we examined the associations between
UGT1A1 and irinotecan-induced adverse reactions using the BioBank Japan Project database. We genotyped UTG1A1*6
and UGT1A1*28 and conducted case–control analyses. A total of 651 patients (102 cases and 549 tolerant controls) were
included in this study. The results showed that UGT1A1*6/*6 is a predictor of adverse drug reactions (ADRs) (p-value
0.00070, odds ratio 6.59, 95% confidence interval 2.33–18.6), whereas UGT1A1*6/*28 and UGT1A1*28/*28 were not. The
subanalysis comprising only patients with UGT1A1*6/*6, UGT1A1*6/*28, and UGT1A1*28/*28 revealed a trend towards
an increased risk of ADRs in patients with UGT1A1*6 (p-value 0.0092, odds ratio 4.39, 95% confidence interval 1.57–14.9).
Multiple logistic regression analyses showed that use of platinum-based antineoplastic drugs and presence of UGT1A1*6/*6
were independent variables, significantly associated with ADRs. The diagnostic performance of a predictive model had a
sensitivity of 49.0%, specificity of 70.1%, and a number needed to screen of 5.8. We concluded that UGT1A1 testing could
be useful to predict irinotecan-induced ADRs, and that UTG1A1*6 rather than UGT1A1*28 contributed to ADR occurrence.

Introduction

Irinotecan is widely used in Japan to treat solid tumors such as
those in lung, colorectal, gastric, gynecological, and other
types of cancer [1]. Adverse reactions due to irinotecan are
well known, and include bone marrow suppression, diarrhea,
nausea, vomiting, and others [1, 2]. Irinotecan is a prodrug,
which is converted to an active metabolite, SN-38, that
undergoes detoxification by uridine diphosphate glucur-
onosyltransferase (UGT) 1A1 to form inactive SN-38 glu-
curonide. Therefore, UGT1A1 alleles with decreased activity
could be associated with higher plasma concentrations of
SN-38 and risks of adverse drug reactions (ADRs). In Japan,
pharmacogenomic testing of UGT1A1*6 and *28 has been
covered by the national health insurance since 2008. Since
then, it has become routine practice in Japan for patients to be
tested before starting irinotecan therapy. In contrast, outside of
Japan the situation is different. Our recent survey of phar-
macogenomic testing of health insurance coverage revealed
that UGT1A1 testing is rarely covered by the major health
insurers in the US because of insufficient evidence to support
its clinical utility, based on their medical policies [3].
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The gap between the current situation in Japan and over-
seas prompted us to examine the associations of irinotecan-
induced ADRs with UGT1A1*6 and *28 in the Japanese
population. A number of studies examining these associations
have been conducted, but the sample sizes were small in
almost all the studies. In addition, systematic reviews and
meta-analyses have also been performed for these associa-
tions; however, a limited number of Japanese studies were
included in the studies on Asian subgroups. Consequently, the
conclusions of these systematic reviews and meta-analyses
remain unclear for the Japanese population. Zhang et al.
successfully showed positive associations for the Japanese
population; however, they only evaluated the association
of neutropenia with UGT1A1*6 [4]. However, Chen et al.
examined the association of neutropenia with both
UGT1A1*6 and *28, showing no significant associations in
Asians, which included four original Japanese studies [5].
Multiple other systematic reviews and meta-analyses,
including an umbrella review, were conducted, which inclu-
ded studies on the Japanese population [6–11]. Some of the
studies, wherein no separate analyses were performed on the
Japanese population, showed positive associations in Asians;
however, most studies showed no significant associations in
the Japanese population [6, 7, 10, 11]. In addition, Chen et al.
reported no significant associations in the Asian populations
including the Japanese population for UGT1A1*28. More-
over, a study by Liu et al. showed positive associations in
Asians, but all original studies in the Japanese population
showed a lack of significant associations [8, 9].

The aim of this study was to evaluate an association ana-
lysis using the BioBank Japan Project database, comprising
clinical and genotyping data of ~200,000 patients, for 47
different diseases, including cancers, from 12 cooperative
medical institutes located across Japan [12, 13]. We performed
this study to clearly assess the actual relationships between
UGT1A1*6 and UGT1A1*28 with the risk of toxicities in the
Japanese population using relatively large sample sizes, to
separately evaluate the associations of both UGT1A1*6 or
UGT1A1*28, and accumulate more evidence to show asso-
ciations of ADRs due to irinotecan with UGT1A1.

Materials and methods

Subjects

All patients recruited for the BioBank Japan Project provided
written informed consent, and the study protocol of this
project was approved by the ethics committee at the Institute
of Medical Sciences, The University of Tokyo (Tokyo,
Japan), and the RIKEN Center for Integrative Medical Sci-
ences (Yokohama, Japan). Data regarding ADRs between
April 2003 and March 2018 were retrieved from the medical

records of BioBank Japan-affiliated hospitals. We conducted
the case–control analysis by comparing the genetic informa-
tion obtained from cases that developed grade 3–5 ADRs and
from those who did not develop ADRs or developed grade 1
or 2 ADRs while on irinotecan (tolerant controls). The toxi-
city grade was classified following the US National Cancer
Institute’s Common Toxicity Criteria version 2.0 [14].

Genotyping of UGT1A1*6 and UGT1A1*28

We genotyped DNA samples of cases and tolerant controls
for UGT1A1*6 and UGT1A1*28, which are commonly
found and could explain the risk of ADR development due
to irinotecan in the Japanese population [15–18].

For UGT1A1*6, we genotyped the subjects for rs4148323
(211G>A) using PCR, which was followed by an Invader
assay. The detailed methodological protocol has been pre-
viously described by Ohnishi et al. [19]. Briefly, PCR was
performed with 10 ng of genomic DNA in a total reaction
volume of 20 μl using Ex Taq HS DNA polymerase (5 U/μl)
(Takara Bio, Otsu, Japan). PCR was performed with an initial
denaturation at 94 °C for 5min, followed by 37 cycles of
denaturation at 94 °C for 30 s, annealing at 58 °C for 30 s,
extension at 72 °C for 2min, and a final extension at 72 °C for
5min using a GeneAmp PCR System 9700 (Applied Biosys-
tems, Foster City, CA, USA). After PCRs, the product was
diluted tenfold and used as a template for the Invader assay
using ABI PRISM 7900 (Applied Biosystems) according to the
protocol recommended by Hologic (Marlborough, MA, USA).

For UGT1A1*28, 20 μl of the reaction mixture was
used for performing PCR on each sample using the same
conditions of initial denaturation and final extension as for
UGT1A1*6, but the initial denaturation was followed by
40 cycles at 94 °C for 15 s, 58 °C for 45 s, and 72 °C for
1 min. After purification on MultiScreen HTS 96-well
filter plates (Merck Millipore, MA, USA), the PCR pro-
ducts were used for sequencing using BigDye Terminator
v3.1 (Applied Biosystems), 5× Big Dye Sequence Buffer
(Applied Biosystems), and primers. The reaction was
initiated by incubation at 96 °C for 1 min, followed by 25
cycles at 96 °C for 10 s, 55 °C for 5 s, and 60 °C for 4 min,
using the GeneAmp PCR System 9700 (Applied Biosys-
tems). Subsequently, direct sequencing was performed
using 3730xl DNA Analyzer (Applied Biosystems).
Sequence analyses were performed using Sequencher
5.2.0 software (Gene Codes, Ann Arbor, MI, USA).

Statistical analysis

Association studies were conducted using Fisher’s exact test for
categorical variables and Mann–Whitney’s U test for con-
tinuous variables, and associations were considered statistically
significant when the p-values were less than 0.05. If one of the
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cells in the contingency table was zero when calculating the
odds ratio, to avoid error, the Haldane correction was applied
by adding 0.5 to all the cells in the contingency table. Subse-
quently, univariate logistic regression analysis was carried out
for the subanalysis by including only poor metabolizers (PMs),
using an additive model of UGT1A1*6 to UGT1A1*28. For
this, we assigned 0 for UGT1A1*28/*28, 1 for UGT1A1*6/
*28, and 2 for UGT1A1*6/*6. Where correlation analysis was
performed, Spearman r values were provided. Multivariate
logistic regression analysis with a stepwise selection of vari-
ables was conducted to identify independent factors associated
with ADRs due to irinotecan. In addition, we evaluated the
diagnostic performance of the predictive model using the car-
rier status of UGT1A1*6/*6 and concomitant use of platinum-
based antineoplastic drugs between cases and tolerant controls.
Sensitivity, specificity, positive predictive value, negative
predictive value, and number needed to screen (NNS) were
calculated. Finally, a receiver-operating characteristic (ROC)
curve was plotted with true positive rate (sensitivity) versus
false positive rate (1-specificity), and area under curve (AUC)
was used to evaluate how well the prediction model could
distinguish between the risks of ADRs by irinotecan. The ROC
curves of the prediction models were compared using
DeLong’s test [20, 21]. All analyses were carried out using the
R statistical environment 3.5.0 [22].

Results

A flow chart of patients included in this study is shown in
Supplemental Fig. 1. Among 651 patients treated with iri-
notecan in the BioBank Japan, 15.7% developed grade 3–5
ADRs. The patient demographic details are summarized in
Table 1. The proportions of cases and controls for each
concomitant drug and drug classifications are shown. The
details of the drug classifications (how each drug was
grouped) are shown in Supplemental Table 1. The differ-
ence in percentages of cases and tolerant controls were
statistically significant for lung cancer diagnoses, with cis-
platin, vinorelbine, and platinum/others as concomitant
drug names, and platinum-based antineoplastic and anti-
metabolites as concomitant drug groups (Table 1). The
associations of the UGT1A1 diplotype with irinotecan-
related ADRs are shown in Table 2. UGT1A1*6/*6 was the
only diplotype with a statistically significant difference
between cases and tolerant controls. UGT1A1*6/*28 and
UGT1A1*28/*28 did not show significant associations with
ADRs. The subanalysis comprised of only the PMs revealed
a trend towards an increased risk of ADRs in patients with
UGT1A1*6 (p-value 0.0092, odds ratio 4.39, 95% con-
fidence interval 1.57–14.9). The analysis only among
patients without lung cancer also showed that UGT1A1*6/
*6 was the only diplotype with a statistically significant

Table 1 Demographic details of patients included in this study

Case (grade 3 or
worse) (n= 102)

Tolerant control
(n= 549)

p-value

Sex: female/male (%) 43 (42.2)/59 (57.8) 225 (41.0)/324 (59.0) 0.83

Median age (mean, range) 73 (72.2, 43–92) 72 (71.5, 38–97) 0.59

Diagnosis

Colorectal cancer (%) 42 (41.2) 282 (51.4) 0.067

Lung cancer (%) 21 (20.6) 67 (12.2) 0.028

Gastric cancer (%) 18 (17.6) 91 (16.6) 0.77

Cervical cancer (%) 11 (10.8) 31 (5.6) 0.075

Ovarian cancer (%) 7 (6.9) 55 (10.0) 0.36

Esophageal cancer (%) 1 (1.0) 2 (0.4) 0.40

Breast cancer (%) 1 (1.0) 9 (1.6) 1.0

Hematopoietic malignancies (%) 1 (1.0) 0 (0.0) 0.16

Liver cancer (%) 0 (0.0) 1 (0.2) 1.0

Pancreatic cancer (%) 0 (0.0) 6 (1.1) 0.60

Gallbladder and bile duct cancer (%) 0 (0.0) 2 (0.4) 1.0

Endometrial cancer (%) 0 (0.0) 3 (0.5) 1.0

ADRs

Neutropenia (%) 38 (37.3) n/a n/a

Leukopenia (%) 38 (37.3) n/a n/a

Diarrhea (%) 13 (12.7) n/a n/a

Anorexia (%) 12 (11.7) n/a n/a

Low hemoglobin (%) 9 (8.8) n/a n/a

Thrombocytopenia (%) 8 (7.8) n/a n/a

Nausea (%) 8 (7.8) n/a n/a

Vomiting (%) 8 (7.8) n/a n/a

Constipation (%) 4 (3.9) n/a n/a

Asthenia (%) 3 (2.9) n/a n/a

Alopecia (%) 2 (2.0) n/a n/a

Stomatitis (%) 2 (2.0) n/a n/a

Liver dysfunction (%) 2 (2.0) n/a n/a

Paresthesia (%) 2 (2.0) n/a n/a

Hypertension (%) 1 (1.0) n/a n/a

Fever (%) 1 (1.0) n/a n/a

Pruritus (%) 1 (1.0) n/a n/a

Wound infection (%) 1 (1.0) n/a n/a

Dysgeusia (%) 1 (1.0) n/a n/a

Lower gastrointestinal bleeding (%) 1 (1.0) n/a n/a

Hematuria (%) 1 (1.0) n/a n/a

Abdominal pain (%) 1 (1.0) n/a n/a

Median total number of drugs
(mean, range)

2 (2.25, 1–5) 2 (2.43, 1–8) 0.31

Concomitant drugs

5-Fluorouracil (5‐FU) (%) 33 (32.4) 218 (39.7) 0.18

Cisplatin (CDDP) (%) 29 (28.4) 101 (18.4) 0.030

Isovorin (l-LV) (%) 27 (26.5) 184 (33.5) 0.17

Tegafur/gimeracil/oteracil (S-1) (%) 10 (9.8) 92 (16.8) 0.10

Paraplatine (CBDCA) (%) 8 (7.8) 29 (5.3) 0.35

Bevacizumab (BV) (%) 7 (6.9) 23 (4.2) 0.30

Others (%) 6 (5.9) 22 (4.0) 0.42

Vinorelbine (VNR) (%) 6 (5.9) 5 (0.9) 0.0031

Nedaplatin (NDP) (%) 5 (4.9) 18 (3.3) 0.39

Tegafur/uracil (UFT) (%) 5 (4.9) 46 (8.4) 0.32

Oxaliplatin (L-OHP) (%) 4 (3.9) 17 (3.1) 0.56

Platinum (%) 4 (3.9) 5 (0.9) 0.038

Docetaxel hydrate (DOC) (%) 3 (2.9) 23 (4.2) 0.78

Gemcitabine hydrochloride
(GEM) (%)

3 (2.9) 10 (1.8) 0.44

Paclitaxel (PTX) (%) 2 (2.0) 24 (4.4) 0.41

Etoposide (VP‐16) (%) 2 (2.0) 13 (2.4) 1.0

Antimetabolites (%) 1 (1.0) 15 (2.7) 0.49

Anti-cancer antibiotics (%) 0 (0.0) 1 (0.2) 1.0

Capecitabine (CAPE) (%) 0 (0.0) 7 (1.3) 0.60

Cyclophosphamide (CPA) (%) 0 (0.0) 6 (1.1) 0.60

Doxifluridine (5′-DFUR) (%) 0 (0.0) 11 (2.0) 0.23

Doxorubicin (ADM) (%) 0 (0.0) 1 (0.2) 1.0

Epirubicin (EPI) (%) 0 (0.0) 3 (0.5) 1.0
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difference between cases and tolerant controls (Table S2).
The stratified analyses were performed separately by
platinum-based antineoplastics and antimetabolites, which
also showed that UGT1A1*6/*6 was the only diplotype
with a statistically significant difference (Tables S3 and S4).
A summary describing the patients’ ADR grade and carrier
status of the number of UGT1A1*6 is shown in Table S5.
There are no correlations between UGT1A1*6 and ADR
grade from 1 to 5 (r= 0.032). As shown in Table 3, PMs
showed statistically significant associations with ADRs.

Since the proportion of patients with lung cancer or
UGT1A1*6/*6 taking platinum-based antineoplastic drugs
or antimetabolites is significantly different between cases
and tolerant controls, we conducted a multiple logistic
regression analysis using those variables (Table 4). In the
constructed model incorporating the variables of lung can-
cer, UGT1A1*6/*6, platinum-based antineoplastic drugs,
and antimetabolites predictors, the p-values were 0.27,
0.00036, 0.051, and 0.37, respectively. In a subsequent
stepwise model, concomitant use of platinum-based anti-
neoplastic drugs and UGT1A1*6/*6 remained significant.
The predictive model can be expressed as below:

log odds ADRsð Þ ¼ �2:006 þ 1:868 � UGT1A1�6=�6
þ 0:6932 � concomitant use of platinum � based antineoplastic drugsð Þ :

We drew the ROC curve for the prediction of ADR risk.
The AUC was improved from 0.581 to 0.604 by adding
UGT1A1*6/*6 to the concomitant use of platinum-based

antineoplastic drugs, although it was not found to be sta-
tistically significant (p= 0.068) (Fig. 1).

The diagnostic performance of the predictive model is
shown in Table 5. At least 34.8% of the frequency of
irinotecan-related ADRs was reported by Shiozawa et al.
[23]. They reported the frequencies of major grade 3–4
ADRs such as leukopenia (34.8%), thrombocytopenia
(12.4%), and diarrhea (10.1%) [23]. Their study was based
on case report forms of 13,935 patients (94.1% of
14,802 patients registered) treated with irinotecan-based
chemotherapy.

Discussion

In this study, we showed that UGT1A1*6/*6 is significantly
associated with irinotecan-induced toxicities in the Japanese
population, using one of the largest genetic databases, the
Biobank Japan. Our key finding was that UGT1A1*6, rather
than UGT1A1*28, contributes to ADR occurrence. Thus,
we emphasized the importance of checking the carrier status
of UGT1A1*6 in patients of Japanese backgrounds even
outside of Japan.

Since the first report by Ando et al., a number of studies
have examined the associations of pharmacokinetic para-
meters or clinical responses after administering irinotecan
[24]. The associations between irinotecan-induced toxicities
and UGT1A1 genetic polymorphisms are already widely
known, and can be correlated with the therapeutic recom-
mendations on drug labels by the Pharmaceuticals and
Medical Devices Agency in Japan, the U.S. Food and Drug
Administration, and Health Canada Santé Canada, and
recommendations by the Dutch Pharmacogenetics Working
Group and the French National Network of Pharmacoge-
netics [1, 2, 25–27]. However, they comment only or
mainly on UG1A1*28 for irinotecan use because of the
higher frequency of this allele in their own major ethni-
cities. Although UGT1A1 testing has been covered by the
Japanese national health insurance for over 10 years, our
recent survey revealed that UGT1A1 testing is rarely
covered by major health insurers in the US because of
insufficient evidence based on their medical policies [3].
Hence, using one of the largest databases, the BioBank
Japan, we successfully showed significant association of
UGT1A1*6/*6 with irinotecan-related ADRs, which could
be meaningful because it would definitely add stronger
evidence to support the positive associations.

UGT1A1 alleles with decreased activity could be asso-
ciated with higher plasma concentrations of SN-38 and risks
of ADRs. A number of studies in the Japanese population
have shown associations with plasma concentrations
since Araki et al. reported in 2006 that UGT1A1*6 was
associated with higher ratios of the area under a plasma

Table 1 (continued)

Case (grade 3 or
worse) (n= 102)

Tolerant control
(n= 549)

p-value

Folinic acid (LV) (%) 0 (0.0) 21 (3.8) 0.059

Gefitinib (%) 0 (0.0) 1 (0.2) 1.0

Methotrexate (MTX) (%) 0 (0.0) 1 (0.2) 1.0

Mitomycin C (MMC) (%) 0 (0.0) 11 (2.0) 0.23

Molecular targeted drugs (%) 0 (0.0) 2 (0.4) 1.0

Nogitecan hydrochloride (NGT) (%) 0 (0.0) 1 (0.2) 1.0

Pirarubicin (THP) (%) 0 (0.0) 1 (0.2) 1.0

Recombinant antibody (%) 0 (0.0) 2 (0.4) 1.0

Tegafur (TGF) (%) 0 (0.0) 1 (0.2) 1.0

Trastuzumab (%) 0 (0.0) 3 (0.5) 1.0

Unclassified (%) 0 (0.0) 2 (0.4) 1.0

Concomitant drugs (classification)

Platinum-based antineoplastics (%) 46 (45.1) 159 (29.0) 0.0017

Antimetabolites (%) 43 (42.2) 304 (55.4) 0.017

Isovorin (folinic acid) (%) 27 (26.5) 192 (35.0) 0.11

Molecular targeted drugs (%) 7 (6.9) 29 (5.3) 0.48

Taxane (%) 5 (4.9) 42 (7.7) 0.41

Topoisomerase inhibitors (%) 1 (1.0) 13 (2.4) 0.71

Vinca alkaloids (%) 1 (1.0) 5 (0.9) 1.0

Alkylating agents (%) 0 (0.0) 6 (1.1) 0.60

Anti-cancer antibiotics (%) 0 (0.0) 15 (2.7) 0.15

Recombinant antibody (%) 0 (0.0) 2 (0.4) 1.0

ADR adverse drug reaction, n/a not available

Bold values denote statistical significance at the p < 0.05 level
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concentration-time curve (AUCSN-38/AUCSN-38 glucuronide)
[28], which has been confirmed by other Japanese study
groups [29–31]. Our findings corroborated the previously
reported positive toxicity findings by Minami et al.,
specifically the positive associations of the UGT1A1*6
allele with neutropenia in Japanese patients, which has since
been confirmed by multiple Japanese group studies
[17, 30, 32–40]. However, these findings did not lead to a
consensus on the utility of assessing UGT1A1*6 carrier
status, thus resulting in no change to the official recom-
mendations for the testing, as mentioned above. This is
likely because of the small sample sizes included in each
study, and the small number of previous studies by Japanese
research groups that were likely included in previous sys-
tematic reviews and meta-analyses because of notable het-
erogeneities across the studies [4, 5, 7, 9–11].

UGT1A1*28 was the only allele that showed a positive
association with irinotecan-induced toxicities in the Japa-
nese population after the initial reports on the association of
the UGT1A1 gene by Ando et al. [24]. Multiple subsequent
studies have reported on the association of UGT1A1*6
[15, 24, 41]. Our findings showed no significant associa-
tions with UGT1A1*28; however, no case patients in our
study had UGT1A1*28/*28. The frequency of UGT1A1*28
in the Japanese population was lower than that in Cauca-
sians (0.051–0.135 and 0.271–0.380, respectively) [42–44],
and the frequency of UGT1A1*28/*28 was quite low in the
Japanese population (0.023); [45] hence, it was not

surprising that our results could be related to small sample
sizes even on using the data from the BioBank Japan.

Our results suggested that UGT1A1*6 contributes to
decreased UGT1A1 activity and ADR occurrence more than
UGT1A1*28 based on the fact that the subanalysis compris-
ing only the PMs showed that UGT1A1*6 additively influ-
enced the odds ratios. Multiple previous studies that
investigated the associations of pharmacokinetic parameters
could support our findings. For example, Minami et al.
showed the medians of AUCSN-38 glucuronide/AUCSN-38 for
UGT1A1 diplotypes that were 1.19 for UGT1A1*6/*6, 2.03
for *6/*28, and 3.65 for *28/*28 [17]. Satoh et al. [30]
reported that the associations of UGT1A1 genotypes
with AUCSN-38 glucuronide/AUCSN-38 were 1.21 ± 0.36 for
UGT1A1*6/*6, 2.34 ± 0.82 for *6/*28, and 3.10 ± 1.82 for
*28/*28. Therefore, it is possible that UGT1A1*6 decreases
UGT1A1 activity more than UGT1A1*28, which is supported
by previous meta-analyses by Chen et al. [9], wherein ADRs
on irinotecan treatment were found to be more significantly
associated with UGT1A1*6 than with UGT1A1*28. This
would also support the current situation, where UGT1A1
testing is covered by the national health insurance in Japan
because the UGT1A1*6 frequency is higher in Asian popu-
lations, who are hence more likely to experience more ADRs
after using irinotecan than in other ethnicities.

Multiple logistic regression analyses showed that the
concurrent use of platinum-based antineoplastic drugs
was significantly associated with ADRs in addition to
UGT1A1*6/*6. The platinum-based antineoplastic drugs
could cause side effects such as cytopenia and diarrhea [46].
In addition, we corroborated the findings of the few studies on
the Japanese population that have shown higher ADR inci-
dence from the use of irinotecan plus platinum-based che-
motherapy [47, 48]. Most importantly, the coefficient of
UGT1A1*6/*6 was 1.868 (versus 0.6932 for platinum-based
antineoplastic drugs), implying that UGT1A1*6/*6 could
be the stronger variable in the multiple logistic regression
analysis.

The diagnostic performance of the concurrent use of two
risk factors, UGT1A1*6/*6 and platinum-based anti-
neoplastic drugs, for ADRs was significant because the NNS

Table 3 Associations of phenotypes with irinotecan-related adverse
drug reactions

Phenotype Case, n (%) Tolerant
control,
n (%)

Odds ratio
(95% CI)

p-value

EM 51 (50.0) 279 (50.8) 0.97 (0.63–1.48) 0.91

IM 36 (35.3) 236 (43.0) 0.72 (0.47–1.12) 0.16

PM 15 (14.7) 34 (6.2) 2.61 (1.37–5.00) 0.0065

CI confidence interval, EM extensive metabolizer, IM intermediate
metabolizer, PM poor metabolizer

Bold values denote statistical significance at the p < 0.05 level

Table 2 Associations of the
UGT1A1 diplotype with
irinotecan-related adverse drug
reactions

Diplotype Phenotype Case, n (%) Tolerant control, n (%) Odds ratio (95% CI) p-value

UGT1A1*1/*1 EM 51 (50.0) 279 (50.8) 0.97 (0.63–1.48) 0.91

UGT1A1*1/*6 IM 24 (23.5) 152 (27.7) 0.80 (0.49–1.32) 0.47

UGT1A1*1/*28 IM 12 (11.8) 84 (15.3) 0.74 (0.39–1.41) 0.45

UGT1A1*6/*6 PM 8 (7.8) 7 (1.3) 6.59 (2.33–18.6) 0.00070

UGT1A1*6/*28 PM 7 (6.9) 18 (3.3) 2.17 (0.88–5.35) 0.093

UGT1A1*28/*28 PM 0 (0.0) 9 (1.6) 0.28 (0.02–4.81) 0.37

CI confidence interval, EM extensive metabolizer, IM intermediate metabolizer, PM poor metabolizer

Bold values denote statistical significance at the p < 0.05 level
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was as low as 5.8. The area under the curve was improved to
0.604 by combining the two risk factors. Thus, we have
identified a component that could explain ADRs by irino-
tecan; however, we must also consider other components
that may be associated with ADRs. Considering these risk
factors could help reduce the number of patients who suffer
from the ADRs, thus achieving the purpose of preemptive
pharmacogenomics testing performed to avoid ADRs.

Our study has some limitations. First, the dosages of iri-
notecan were not available for each patient in the BioBank

Japan. However, we think that this limitation could be over-
come by knowing their diagnoses and the names of the
concomitantly used drugs, and assuming the regimens, which
might not affect the conclusions in our study because our aim
was to determine the overall associations by combining all
patients who took irinotecan. Second, the information about
whether or not the patients were tested for UGT1A1 before
starting chemotherapy is not available. If patients carried
UGT1A1*6 and/or *28 alleles, they might have received the
lower starting doses of irinotecan. Thus, there is a potential of
showing a higher percentage of tolerant controls for patients
carrying UGT1A1*6 and/or *28 alleles, leading to a possible
underestimation of the predictive values of the risk alleles in
our study. Third, in our study cases, we did not observe
UGT1A1*28/28, suggesting that the sample sizes must be
increased; however, we believe that our study is the second
largest study examining the associations of irinotecan-induced
ADRs in the Japanese population.

In conclusion, we showed that the UGT1A1*6/*6 is
significantly associated with ADRs due to irinotecan, and
that UGT1A1*6 rather than UGT1A1*28 contributed to
ADR occurrence. Knowing the UGT1A1*6 carrier status

Table 5 Diagnostic performance of the concurrent presence of two risk
factors for irinotecan-induced adverse drug reactions, UGT1A1 *6/*6
and platinum-based antineoplastic drugs

Frequency of adverse drug reactions= 34.8% (Shiozawa et al. [23])

UGT1A1 *6/*6/ platinum-based
antineoplastic drugs

Positive Negative

Case n (%) 50 (49.0) 52 (51.0)

Tolerant control n (%) 164 (29.9) 385 (70.1)

Sensitivity (%) 49.0

Specificity (%) 70.1

Positive predictive value (%) 46.7

Negative predictive value (%) 72.0

Number needed to screen 5.8

Fig. 1 Receiver-operating characteristic (ROC) curve to predict the
risk of adverse drug reactions by irinotecan. The black line shows the
ROC curve for the model using data from patients administered
platinum-based antineoplastic drugs in addition to irinotecan. The area
under the curve (AUC) of the black line equals 0.581 (95% confidence
interval 0.529–0.633). The blue line shows the ROC curve for the
UGT1A1*6/*6-based model. The AUC of the blue line equals 0.533
(95% confidence interval 0.506–0.560). The red line shows the ROC
curve for the combined model of UGT1A1*6/*6 and patient use of
platinum-based antineoplastic drugs. The AUC of the red line was
0.604 (95% confidence interval 0.550–0.659)

Table 4 Multiple logistic
regression analysis for
independent variables and
variables significantly associated
with adverse drug reactions
using stepwise selection

Variable Coefficient SE p-value Odds ratio 95% CI

Initial model

(Intercept) −1.881 0.2213 <2.0e−16

Lung cancer 0.3497 0.3161 0.27 1.42 0.76–2.64

UGT1A1*6/*6 1.928 0.5402 0.00036 6.87 2.38–19.8

Platinum-based antineoplastic drugs 0.4964 0.2548 0.051 1.64 1.00–2.71

Antimetabolites −0.2286 0.2536 0.37 0.80 0.48–1.31

Final model

(Intercept) −2.006 0.1466 <2.0e−16

UGT1A1*6/*6 1.868 0.5369 0.00050 6.47 2.26–18.5

Platinum-based antineoplastic drugs 0.6932 0.2231 0.0019 2.00 1.29–3.10

SE standard error, CI confidence interval

1200 K. Hikino et al.



would be useful to predict the occurrence of ADRs with
irinotecan use in Japan and around the world.

Data availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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