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Abstract
Background  The association between UGT1A1 polymorphism and etoposide-induced toxicities is still not clear. The aim 
of this study was to assess the association between uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1) gene 
polymorphism and severe hematologic toxicities in Japanese patients receiving etoposide plus platinum chemotherapy for 
small-cell lung cancer.
Methods  This retrospective analysis included patients with small-cell lung cancer who had received their first-line chemo-
therapy with etoposide plus cisplatin or carboplatin, between October 2008 and April 2018, at the University of Fukui Hospi-
tal. The relationship between UGT1A1 polymorphisms and first-cycle neutropenia as well as thrombocytopenia was evaluated.
Results  A total of 55 patients were enrolled. The incidence of grade 4 neutropenia during the first cycle of etoposide-based 
chemotherapy was higher in patients with homozygous (hmz) polymorphisms for UGT1A1*28 and *6 (*28/*28, *6/*6, and 
*6/*28) than in patients with wild-type (wt) (*1/*1) and heterozygous (htz) (*1/*28 and *1/*6) polymorphisms (88% vs 
43% P = 0.03). The incidence of febrile neutropenia and grade 4 thrombocytopenia, however, was not significantly differ-
ent. Multivariate analysis suggested that grade 4 neutropenia associated significantly with an hmz UGT1A1 genotype [odds 
ratio (OR) 11.3; P = 0.04] and administration of granulocyte colony-stimulating factor (G-CSF) before the neutrophil counts 
dropped to < 500 cells/µL (OR; P = 0.01).
Conclusions  UGT1A1*28 and UGT1A1*6 mutations might be regarded as predictors for etoposide-induced grade 4 
neutropenia.
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Introduction

Etoposide, a semisynthetic derivative of podophyllo-
toxin with antitumor activity, inhibits topoisomerase II. It 
is widely used in the treatment of small-cell lung cancer 
(SCLC), testicular cancer, lymphoma, and leukemia [1]. 
The dose-limiting toxicity of etoposide in SCLC patients is 
hematologic toxicity, particularly neutropenia. In patients 
treated with etoposide in combination with cisplatin (PE) 
or carboplatin (CE), grade 4 neutropenia was reported in 
65% and 53% cases, respectively [2, 3]. Severe neutropenia 
requires dose reduction, delay in treatment, or even discon-
tinuation of chemotherapy [4, 5]. It also carries the risk of 
life-threatening infections, compromising patient outcomes 
[6–8]. Therefore, it is important to determine the risk factors 
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for severe neutropenia in patients receiving etoposide plus 
platinum chemotherapy.

Etoposide is mainly excreted as hydroxyl acid derivatives 
and glucuronides [9]. The glucuronides account for the dis-
position of 15–35% of the administered etoposide [10]. Uri-
dine diphosphate glucuronosyltransferase 1A1 (UGT1A1) 
is reported to be the principal enzyme responsible for the 
formation of etoposide glucuronides in vitro [11, 12].

UGT1A1 polymorphisms are known to result in reduced 
expression or activity of UGT1A1 and predispose indi-
viduals to Gilbert’s syndrome, a benign form of episodic 
jaundice [13, 14]. With several tyrosine kinase inhibitors, 
such as nilotinib, sorafenib, pazopanib, and sunitinib, it was 
reported that UGT1A1 polymorphisms were associated with 
treatment-related hyperbilirubinemia [15–17]. Furthermore, 
polymorphism of the UGT1A1 gene is known to play an 
important role in irinotecan pharmacokinetics and severe 
toxicity. Irinotecan, a camptothecin analog with anticancer 
activity via the inhibition of topoisomerase I, is a prodrug 
metabolized by carboxylesterase to form an active metabo-
lite SN-38. SN-38 is inactivated through biotransformation 
into SN-38 glucuronide (SN-38G) by UGT1A1 [18, 19]. 
Genetic polymorphisms of UGT1A1 include UGT1A1*28 
and UGT1A1*6, leading to decreased formation of SN-38G, 
and thus delayed metabolism of SN-38 [20]. In Japanese 
cancer patients, a correlation between UGT1A1*28 and 
*6 genotypes and irinotecan-induced toxicities has been 
reported [21, 22], and optimizing irinotecan dosage based on 
UGT1A1 genotypes has helped reduce the toxicities. How-
ever, the association between UGT1A1 polymorphism and 
etoposide-induced toxicities is still not clear.

In this study, we have retrospectively evaluated the asso-
ciation between severe hematologic toxicities and polymor-
phisms in UGT1A1*28 and *6 in Japanese SCLC patients 
receiving etoposide-based chemotherapy.

Patients and methods

Patients

Patients with SCLC who had received PE or CE as first-line 
chemotherapy, and had UGT1A1 genotyping done before 
or after the etoposide-based chemotherapy, between August 
2009 and April 2018, at the University of Fukui Hospital, 
were analyzed retrospectively by reviewing their medical 
records. At our institute, UGT1A1 genotyping was out-
sourced to SRL, Inc., Tokyo, Japan, and polymorphisms 
were analyzed using the Invader assay [23].

Classification of UGT1A1 polymorphisms

We classified the UGT1A1 polymorphisms into two groups: 
wild type (wt) (*1/*1) or heterozygous (htz) (*1/*28 and 
*1/*6), and homozygous (hmz) (*28/*28, *6/*6, and 
*6/*28). The double state (*6/*28) was classified as hmz 
based on the results of previous studies [22, 24].

Treatment

The PE regimen included intravenous (i.v) administration 
of 80 mg/m2 cisplatin on day 1 and 100 mg/m2 etoposide 
on days 1, 2, and 3 every 3 or 4 weeks. Patients getting 
the CE regimen were administered with carboplatin area 
under the curve (AUC) of 5 i.v. on day 1 and 80–100 mg/
m2 of etoposide i.v. on days 1, 2, and 3 every 3 or 4 weeks.

Assessments

Nadir neutrophil and platelet counts during the first cycle 
of PE or CE chemotherapy were recorded as major out-
comes. Toxicities were assessed based on the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events version 4.0. Grade 4 neutropenia (neutrophil counts 
of < 500 cells/µL) and grade 4 thrombocytopenia (platelet 
counts of < 25,000 cells/µL) were defined as severe hemato-
logic toxicities. According to the Japanese Society of Medi-
cal Oncology Clinical Guidelines, febrile neutropenia was 
defined as axillary temperature ≥ 37.5 °C or an oral tempera-
ture ≥ 38.0 °C in patients and a peripheral neutrophil counts 
< 500 cells/µL or expected to fall below 500 cells/µL [25].

The baseline variables that potentially influenced 
chemotherapy-induced neutropenia were assessed in 
each patient. These included age, sex, body surface area, 
Eastern Cooperative Oncology Group performance sta-
tus (ECOG PS), stage of the disease, the initial dose of 
etoposide given, and concurrent use of radiation, use of 
aprepitant or fosaprepitant. The baseline blood cell (leu-
cocyte, neutrophil, and platelet) counts, administration 
of granulocyte colony-stimulating factor (G-CSF) before 
the neutrophil counts dropped to < 500 cells/µL, baseline 
levels of serum albumin, total bilirubin, serum creatinine, 
and creatinine clearance (Ccr) were also included in the 
baseline variables. We calculated Ccr was from serum cre-
atinine levels using the Cockcroft–Gault equation [26].

The study protocol was approved by the Research Eth-
ics Committee at the University of Fukui under the condi-
tion that all data be processed and analyzed anonymously 
(approved no. 20170035). The study also conforms to the 
provisions of the Declaration of Helsinki.
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Statistical analysis

Continuous data are summarized as medians (interquar-
tile range). Categorical data presented as frequencies 
(percentage) were compared using the Fisher’s exact 
test. The Mann–Whitney’s U test was used to compare 
the non-normally distributed variables between groups. A 
univariate analysis was performed to identify the risk fac-
tors for grade 4 neutropenia after etoposide-based chemo-
therapy. Variables with a significance level of < 20% were 
included in the multivariate logistic regression model. The 
final model was built by stepwise logistic regression. The 
results are reported as odds ratios (ORs) with 95% con-
fidence intervals (CIs). All statistical tests were 2-sided, 
and P values of less than 0.05 were considered significant. 
All statistical analyses were performed with EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
a graphical user interface for R (The R Foundation for Sta-
tistical Computing, Vienna, Austria, version 3.2.2) [27]. 
More precisely, it is a modified version of R commander 
(version 2.2-3) designed to add statistical functions fre-
quently used in biostatistics.

Results

Patients’ characteristics

We evaluated 55 out of 71 patients who had received first-
line etoposide-based chemotherapy for SCLC and had com-
pleted UGT1A1 genotyping, between August 2009 and April 
2018. Two patients were excluded, since the first cycle could 
not be completed. Fourteen patients were excluded due to 
concurrent use of radiation.

Of the 55 patients evaluated, 25 (46%) were wt, 22 (40%) 
were htz, and 8 (15%) were hmz for UGT1A1*28 and *6 
polymorphisms (Table 1). The baseline characteristics of 
these patients are comparable between the two groups and 
have been summarized in Table 2.

Incidence of hematotoxicity and febrile neutropenia

During the first cycle of etoposide-based chemotherapy, 
the incidence of grade 4 neutropenia, was significantly 
higher (P = 0.03) in the hmz group compared to the wt/htz 
group (Table 3). The neutrophil nadir time was comparable 
between the two groups (day 14 vs day 14; P = 0.89). There 
were 1 (13%) and 7 (15%) cases of febrile neutropenia in the 
hmz and the wt/htz groups, respectively (P = 1.00). None of 
the patients died from febrile neutropenia. Grade 4 throm-
bocytopenia occurred in 13% (n = 1) of the hmz group and 

in 13% (n = 6) of the wt/htz group. This difference was not 
statistically significant (P = 1.00).

Risk factors for grade 4 neutropenia

The results of the univariate and multivariate analyses of 
the association between grade 4 neutropenia during first 
cycle of etoposide-based chemotherapy and clinical vari-
ables are shown in Table 4. Grade 4 neutropenia showed a 
significant association with homozygous UGT1A1 genotype, 
and administration of G-CSF before the neutrophil counts 
dropped to < 500 cells/µL.

Discussion

In this study, we demonstrate that hmz UGT1A1 *28 and 
*6 genotypes are associated with the incidence of grade 
4 neutropenia, in SCLC patients receiving etoposide plus 
platinum chemotherapy (Table 3). Based on the multivari-
ate analysis, patients hmz for UGT1A1 *28 and *6 are more 
likely to get grade 4 neutropenia from etoposide (Table 4).

UGT1A1 has been shown to be the major glucuronidating 
isoform of etoposide, in vitro [11, 12]. Therefore, genetic 
polymorphisms can lead to decreased UGT1A1 activity, 
which in turn can cause the severe toxicity induced by long 
exposures to etoposide. In addition, UGT1A1*28/*28 is 
shown to be significantly associated with a lower clearance 
of etoposide in children with acute lymphoblastic leuke-
mia [28]. Although not significantly associated with inci-
dences of febrile neutropenia, it should be noted that grade 
4 neutropenia is a risk factor. Therefore, as with irinotecan, 
UGT1A1 polymorphisms may help in predicting the etopo-
side-induced neutropenia.

Table 1   Frequencies of UGT1A1 genotype in this study

UGT​ UDP-glucuronosyltransferase

UGT1A1 genotype n = 55

Wild type or heterozygous group 47 (86%)
 Wild type
  *1/*1 25 (46%)

 Heterozygous
  *1/*28 13 (24%)
  *1/*6 9 (16%)

Homozygous group 8 (15%)
 Homozygous
  *28/*28 2 (4%)
  *6/*6 2 (4%)

 Double heterozygous
  *28/*6 4 (7%)
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The patients with UGT1A1*28/*28, *6/*6, and *6/*28 
genotypes reportedly comprise 8.8% of the Japanese 
population [29]. In the present study, UGT1A1 homozy-
gous group was higher (15%) than the Japanese popula-
tion. Previous studies have shown a higher prevalence of 
UGT1A1*28/*28 genotype in lung cancer compared with 
other malignancies [30].

As reported previously [31, 32], the only baseline 
patient characteristic that showed a relative association 
with UGT1A1 polymorphism was the serum bilirubin level 
(Table 2), though how it affects the outcome of etoposide-
based chemotherapy is not clear. The total clearance of 
etoposide in patients with obstructive jaundice (bilirubin 
> 2.0 mg/dL) is comparable to that in patients with normal 

Table 2   Baseline demographics 
and clinical characteristics of 
the study patients

Values are presented as number or median (25th percentile–75th percentile)
ECOG PS Eastern Cooperative Oncology Group performance status, G-CSF granulocyte colony-stimulat-
ing factor, UGT​ UDP-glucuronosyltransferase, BSA body surface area

UGT1A1 genotype Wild type or heterozy-
gous group (n = 47)

Homozygous group (n = 8) P value

Male 39 (83%) 6 (75%) 0.63
Female 8 (17%) 2 (25%)
Age (years) 69 (65–74) 72 (69–74) 0.26
 ≥ 70 years 23 (49%) 5 (63%) 0.71

BSA (m2) 1.62 (1.52–1.70) 1.63 (1.49–1.70) 0.85
 ≥ 1.6 m2 26 (55%) 4 (50%) 1.00

ECOG PS (0/1/2/3) 18/16/1/1 2/4/2/0 0.90
Limited disease 9 (9%) 1 (13%) 1.00
Extensive disease 37 (79%) 7 (88%)
Large cell neuroendocrine carcinoma 1 (2%) 0
Etoposide plus cisplatin 8 (17%) 2 (25%) 0.63
Etoposide plus carboplatin 39 (83%) 6 (75%)
Initial dose of etoposide (mg/m2) 96 (84–98) 96 (91–98) 0.62
90–100 mg/m2 33 (70%) 6 (75%) 1.00
G-CSF administration before neutrophil 

dropped to < 500 cells/µL
26 (55%) 4 (50%) 1.00

With aprepitant or fosaprepitant 18 (38%) 4 (50%) 0.70
Neutrophil (cells/µL) 4523 (3062–5616) 3976 (2950–4935) 0.50
 < 3000 cells/µL 11 (24%) 2 (25%) 1.00

Total bilirubin (mg/dL) 0.5 (0.4–0.7) 0.9 (0.7–0.9) 0.02
 ≥ 1.2 mg/dL 5 (14%) 0 1.00

Creatinine clearance (mL/min) 68 (55–90) 78 (62–85) 0.79
 < 60 mL/min 15 (32%) 2 (25%) 1.00

Albumin (g/dL) 3.5 (3.0–4.0) 3.1 (2.9–3.5) 0.10
 < 3.5 g/dL 21 (45%) 5 (63%) 0.40

Table 3   Incidence of 
hematotoxicity and febrile 
neutropenia during first cycle of 
chemotherapy

Values are presented as number or median (25th percentile–75th percentile)
UGT​ UDP-glucuronosyltransferase

UGT1A1 genotype Wild type or heterozygous 
group (n = 47)

Homozygous group (n = 8) P value

Neutrophil nadir (cells/µL) 564 (357–1068) 335 (191–473) 0.04
Neutrophil nadir time (day) 14 (12–17) 14 (13–14) 0.89
Grade 4 neutropenia 20 (43%) 7 (88%) 0.03
Febrile neutropenia 7 (15%) 1 (13%) 1.00
Platelet nadir (cells/µL) 83,000 (48,500–148,500) 67,500 (35,200–142,700) 0.54
Grade 4 thrombocytopenia 6 (13%) 1 (13%) 1.00
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hepatic functions [33]. It, therefore, appears that the baseline 
serum bilirubin level is not as significant a risk factor for 
neutropenia, as is the UGT1A1 genotype.

Age, abnormal renal function, and hypoalbuminemia 
have all been reported as risk factors for etoposide-induced 
hematologic toxicity [34, 35]. Reduced plasma etoposide 
clearance in the older patients was linked to higher inci-
dences of grade 4 neutropenia [34]. Approximately 35% 
of the intravenously administered etoposide is unmetabo-
lized and excreted in the urine [10]; impaired renal func-
tion can, therefore, negatively impact etoposide clearance, 
and its administration has to be carefully adjusted. In a pre-
vious study, low serum albumin levels did not affect the 
total etoposide clearance; instead, it caused an increase 
in unbound and free etoposide. These factors have to be 
considered to show a strong association between UGT1A1 
polymorphisms and etoposide-induced grade 4 neutropenia. 
However, they were not associated with grade 4 neutropenia 
based on our univariate and multivariate analyses.

We acknowledge there have been several limitations 
in this study. First, it is a single institution, retrospective 
study with a relatively small population of patients. A mul-
ticentre, prospective study would, therefore, be required to 
confirm our findings. Second, the blood etoposide concen-
trations were not measured. Previous studies have shown 
that UGT1A1 *28/*28 associates with etoposide clearance 
in children [28], but our study population comprised of 
adults. Moreover, race and ethnicity also affect the relation-
ship between UGT1A1 polymorphisms and etoposide clear-
ance. Studies are, therefore, needed to validate the role of 
UGT1A1 polymorphisms in etoposide clearance, in adult 
Japanese patients.

In conclusion, this is the first study to associate etoposide-
induced grade 4 neutropenia with UGT1A1 polymorphisms 
in SCLC patients. Like irinotecan therapy, etoposide-based 
chemotherapy may also benefit from UGT1A1 genotyping. 
However, further pharmacokinetic studies are needed to vali-
date these results.
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