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Regular Article
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Signal transducer and activator of transcription (STAT) 3 is a key factor in homeostasis of the oral 
mucosa by regulating the production of inflammatory cytokines. Sunitinib is a substrate of P-glycoprotein 
(multidrug resistance (MDR)-1/ABCB1) and breast-cancer resistance protein (BCRP/ABCG2). In this retro-
spective study, we evaluated the association between sunitinib-induced stomatitis and STAT3, ABCB1, and 
ABCG2 polymorphisms in patients with metastatic renal cell carcinoma (mRCC). Fifty-two Japanese patients 
with RCC treated with sunitinib were retrospectively genotyped to elucidate a potential association between 
STAT3, ABCB1, and ABCG2 polymorphisms and stomatitis development. Stomatitis occurred in 22 out of 52 
patients. The TT+TC genotypes at STAT3 rs744166 had an odds ratio of 5.00 against CC genotype for the 
stomatitis development (95% confident interval, 0.97–25.8). In the Kaplan–Meier method for the cumulative 
incidence of stomatitis, a statistically significant difference was observed between the TT+TC and CC geno-
types in STAT3 rs744166 (p=0.037). Both multiple logistic regression analysis and Cox proportional-hazards 
regression analysis show STAT3 rs744166 TT+TC genotypes and serum creatinine in each patient were sig-
nificant independent factors for stomatitis development. In conclusion, STAT3 polymorphism may be a novel 
risk factor for sunitinib-induced stomatitis in patients with mRCC.
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Molecular-targeted drugs represent a standard first-line 
therapeutic option for patients with metastatic renal cell 
carcinoma (mRCC).1) However, stomatitis is a very frequent 
complication associated with molecular-targeted drugs. Suni-
tinib, one of multiple tyrosine-kinase inhibitors currently 
used as first-line treatment for mRCC, is associated with sto-
matitis and has a reported incidence of 52% at any grades.2) 
It was reported that substantial differences in the incidence 
of any-grade adverse events (AEs) between all Asian and 
non-Asian patients were observed for stomatitis (39 vs. 26%, 
respectively).3) Asian patients treated with sunitinib developed 
stomatitis more frequently than did non-Asian patients. There 
were major differences in the incidence of AEs depending on 
where the Asian patients were treated. For example, Asian-A 
patients (treated at sites in Asia) and Asian-O patients (treated 
at sites outside Asia) showed substantial differences in the in-
cidences of stomatitis (47 vs. 23%, respectively).3) Stomatitis is 
the cause of significantly decreased QOL. Furthermore, 10% 
of the reported stomatitis cases were associated with dose re-
duction, drug interruption, or cessation.4) Because stomatitis is 
a clinically important symptom, elucidation of its pathogenic 
mechanism is an important challenge.

It is well known that stomatitis induced by chemotherapy 
and radiotherapy is generated by reactive oxygen species 
(ROS). ROS activate nuclear factor-kappaB (NF-κB) and 
release pro-inflammatory cytokines, such as tumor necrosis 
factor (TNF), interleukin (IL)-6, and IL-1β. These pro-inflam-
matory cytokines trigger stomatitis via apoptosis and tissue 

damage.5,6) However, molecular-targeted drug-induced stoma-
titis may not be mediated by these mechanisms.7) Chemother-
apy-induced stomatitis is characterized by local tissue damage 
and an inflammatory reaction; however, sunitinib-induced 
stomatitis, in contrast, appears to be primarily a “functional” 
mucosal irritation.8)

Signal transducer and activator of transcription (STAT) 3 is 
a point of convergence for the signaling pathways downstream 
of numerous cytokine receptors or tyrosine kinases, including 
vascular endothelial growth factor (VEGF) receptor, platelet-
derived growth factor receptor (PDGFR), epidermal growth 
factor receptor, and Src.1,9,10) STAT3 regulates the expression 
of several genes involved in a variety of cellular responses 
including proliferation, differentiation, apoptosis, and wound 
healing.11,12) Furthermore, it was reported that activating 
STAT3 can promote oral mucosal wound healing,13) STAT3 
may play a key role for regulating homeostasis of oral mucosa.

Sunitinib is a substrate of P-glycoprotein (Pgp/multidrug 
resistance (MDR)-1/ABCB1) and breast-cancer resistance pro-
tein (BCRP/ABCG2).14–16) Interestingly, ABCB1 polymorphism 
influences drug concentrations in saliva.17) Pgp and BCRP 
are expressed in various sites, including salivary glands.17–19) 
However, the association between sunitinib-induced stomatitis 
and genomic functional changes of ABCB1 or ABCG2 has not 
yet been studied.

There are ethnic differences in STAT3, ABCB1, and ABCG2 
polymorphisms. In addition, their polymorphisms affect the 
function or the expression of each protein. Differences in 
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polymorphism may be one of the risk factors for sunitinib-
induced stomatitis. In this study, we selected STAT3, ABCB1, 
and ABCG2 polymorphisms, which are known to occur with 
greater frequency in the Japanese population. The frequency 
of stomatitis in the present study was similar to that in pa-
tients treated in Asia. In this retrospective study, we evalu-
ated the relationship between STAT3, ABCB1, and ABCG2 
polymorphisms and the development of sunitinib-induced sto-
matitis in patients with mRCC. Our findings suggest that the 
STAT3 polymorphism contribute to a risk factor for stomatitis.

PATIENTS AND METHODS

Patients  The present series consisted of RCC patients 
who had been diagnosed with metastatic disease, and were 
subsequently treated with sunitinib at the Department of 
Urology, Kobe University Hospital from April 2008 to March 
2016. In case of AEs, dose reduction, interruption, or cessa-
tion of sunitinib therapy was implemented. Eligible patients 
were those whose blood sample was available for DNA extrac-
tion and those who were available for follow-up. Incidence 
of stomatitis was followed up until 1 year since the start of 
therapy. Patients were excluded if sunitinib treatment failure 
were occurred within 28 d for any reasons other than stoma-
titis. Patients who developed stomatitis before the sunitinib 
therapy were excluded. Laboratory data were collected at the 
start of sunitinib therapy. All procedures performed in this 
study were in accordance with the ethical standards of the 
institutional and national research committee and with the 
1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The study protocol was approved 
by the hospital’s Institutional Ethical Committee. This study 
was a retrospective analysis, and written informed consent for 
the use of blood samples for research purposes was obtained 
from all patients; under approval, records were reviewed, and 
follow-up data were collected in cooperation with the assigned 
urologist and/or the clinical pharmacist.

Evaluation of Stomatitis  Stomatitis was graded ac-
cording to different levels of severity and was determined 
retrospectively using the Common Terminology Criteria for 
Adverse Events version 4.0 of the National Cancer Institute 
according to the patients’ medical records. Stomatitis devel-
oper was defined as a patient who developed stomatitis by 
sunitinib of grade ≥1 in the period from initiation of sunitinib 
therapy to termination of follow-up. Toxicity was assessed on 
the day when the patient initially developed stomatitis after 
starting sunitinib. If patients developed stomatitis at ambula-
tory practice, the day of stomatitis occurrence was defined as 
the date of ambulatory visit.

Blood Sampling and Genotyping  Blood samples 
were the residue of blood collected for the diagnostic or 
clinical laboratory tests. DNA was isolated from periph-
eral blood mononuclear cells using the NucleoSpin® Blood kit 
(MACHEREY-NAGEL, GmbH, Düren, Germany), accord-
ing to the manufacturer’s protocol. Samples were subjected 
to genotyping to detect STAT3 polymorphisms (rs744166 and 
rs4796793) using TaqMan SNP Genotyping Assay purchased 
from Applied Biosystems (ABI; Carlsbad, CA, U.S.A.). Reac-
tions were conducted on an ABI PRISM 7900HT Sequence 
Detection System, according to the following protocol: 95°C 
for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C 

for 1 min. The post-PCR plates were read on the 7900HT 
and used to determine the genotype. Samples were subjected 
to genotyping to detect ABCB1 polymorphisms (rs2032582 
G2677T/A, rs1045642 C3435T, and rs1128503 C1236T) and 
ABCG2 polymorphism (rs2231142 C421A) using the PCR-
restriction fragment length polymorphism (RFLP) technique 
or TaqMan SNP Genotyping Assay.20–22) In brief, PCR was 
performed using TaKaRa Ex Taq® (TaKaRa, Shiga, Japan) 
according to the manufacturer’s instructions. The rs1045642, 
rs1128503, and rs2231142 polymorphic sites were amplified  
by PCR using the following pair of primers: forward (5′-TTG  
ATG GCA AAG AAA TAA AGC-3′) and reverse (5′-CTT ACA  
TTA GGC AGT GAC TCG-3′), forward (5′-ATC CTG TGT CTG  
TGA ATT GC-3′) and reverse (5′-TCA GAA AGA TGT GCA ATG  
TG-3′), and forward (5′-GTT GTG ATG GGC ACT CTG ATG  
GT-3′) and reverse (5′-CAA GCC ACT TTT CTC ATT GTT-3′),  
respectively. After amplification, PCR products underwent 
digestion with the indicated allele-specific restriction enzyme. 
RFLP for rs1046542 SNP was performed using Mbo I restric-
tion enzyme, rs1128503 SNP was performed using EcoO109  
I restriction enzyme, and rs2231142 SNP was performed using 
Taa I restriction enzyme. Cleaved DNA fragments were then 
subjected to electrophoresis in either 3 or 7.5% agarose gel.

Statistical Analysis  All genotype frequencies were com-
pared with the reported Japanese frequencies using the chi-
square test. Comparisons of patient characteristics between 
the non-stomatitis and stomatitis groups were made using the 
Fisher’s exact test and the Mann–Whitney U test. Associations 
between genotypes and stomatitis development were evaluated 
using the Fisher’s exact test and estimated using odds ratio 
(ORs) and 95% confident intervals (CIs). The Kaplan–Meier 
method and log-rank test were used to estimate and compare 
the cumulative incidence of stomatitis between two groups.

In the multivariate analysis, the stepwise logistic regression 
analysis was performed to evaluate the predictive significance 
of SNPs for stomatitis development using variables of patient’s 
characteristics with a p-value less than 0.1 in the univariate 
analysis. Cox proportional-hazards regression analysis was 
performed to evaluate the significance of cumulative incidence 
of stomatitis in SNPs using variables of patient’s characteris-
tics with a p-value less than 0.1 in the univariate analysis by 
the step-down procedure. p<0.05 was considered statistically 
significant. All statistical analyses were performed using EZR 
software (Saitama Medical Center, Jichi Medical University, 
Saitama, Japan),23) which is a graphical user interface for R 
version 3.2.2 or more precisely, a modified version of R Com-
mander designed to aid statistical functions frequently used 
in biostatistics (The R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS

Distribution of STAT3, ABCB1, and ABCG2 Polymor-
phisms and Subject Characteristics  Four patients experi-
enced treatment failure within 28 d of starting sunitinib. Six 
patients were lost to follow-up. One patient was unable to 
collect blood sampling. Thus, the final analysis included 52 
patients (Fig. 1). Patient characteristics at the start of sunitinib 
therapy are shown in Table 1. Sunitinib therapy was initiated 
at a dose of 50, 37.5, or 25 mg/d as 4 weeks on and 2 weeks 
off or 2 weeks on and 1 week off. Serum creatinine in sto-
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matitis patients was significantly lower compared with that in 
non-stomatitis patients (p=0.034; Table 1).

Samples from all 52 patients were successfully subjected 
to STAT3 (rs744166 and rs4796793), ABCB1 (rs2032582 
G2677T/A, rs1045642 C3435T, and rs1128503 C1236T), and 
ABCG2 (rs2231142 C421A) polymorphism analysis. All ana-
lyzed genotype frequencies did not show significant deviation 
compared with those in the Japanese population according to 
the NCBI database (http://www.ncbi.nlm.nih.gov/snp/).

Association of STAT3, ABCB1, and ABCG2 Polymor-
phisms with Stomatitis Development  Stomatitis was 
observed in 22 patients. Among the six candidate polymor-
phisms, a significant association with stomatitis development 
was observed with the STAT3 rs744166 genotype. The STAT3 
rs744166 T allele frequencies were 50.0 and 70.5% in the non-
stomatitis and stomatitis groups, respectively (OR, 2.39; 95% 
CI, 1.05–5.43; p=0.045; Table 2). The STAT3 rs744166 CT+TT 
had a tendency to participate in sunitinib-induced stomatitis 
(OR, 5.00; 95% CI, 0.97–25.8; p=0.051). Furthermore, the 

ABCB1 rs1128503 CT+TT genotypes exhibited a significant 
association with stomatitis development (OR and 95% CI, not 
applicable (NA); p=0.033). Meanwhile, the STAT3 rs4796793 
C allele frequencies had a tendency to participate in sunitinib-
induced stomatitis (OR, 2.23; 95% CI, 0.98–5.08; p=0.069).

Furthermore, multiple logistic regressions considering 
patient characteristics in addition to the STAT3 and ABCB1 
genotypes (p<0.1 in the univariate analysis) as independent 
variables were examined. After the stepwise deletion of an 
insignificant factor one by one, rs744166 TT+TC genotypes 
at STAT3 and serum creatinine were proved to be significant 
associated factors with stomatitis development (OR for STAT3, 
6.91, 95% CI, 1.20–39.7, p=0.030; OR for serum creatinine, 
0.059, 95% CI, 0.0051-0.69, p=0.024; Table 3).

Association of STAT3, ABCB1, and ABCG2 Polymor-
phisms with Cumulative Incidence of Stomatitis Develop-
ment  Kaplan–Meier analysis demonstrated a statistically 
significant difference in the median time to stomatitis devel-
opment between patients with the CC genotype and those with 

Fig. 1. Flowchart of Study Selection Process

Table 1. Association between Stomatitis Development and Patient Characteristics

Total patients (n=52) Non-stomatitis (n=30) Stomatitis (n=22) p Value

Gender: Malea) 36 (69.2%) 23 (76.7%) 13 (59.1%) 0.23c)

Body weight (kg)b) 58.7 (36.0–87.1) 59.8 (36.0–78.2) 56.5 (40.9–87.1) 0.89d)

Dose density (mg/d)b) 28.1 (10.7–50.0) 29.0 (10.7–50.0) 27.5 (18.8–50.0) 0.80d)

Dose density (mg/d/kg)b) 0.49 (0.19–0.90) 0.51 (0.19–0.88) 0.49 (0.31–0.90) 0.61d)

POD (d)b) 1179.5 (0–8087) 979 (0–7467) 1519.2 (10–8087) 0.60d)

Therapy line: 1st linea) 40 (76.9%) 21 (70.0%) 19 (86.4%) 0.20c)

Smokinga) 23 (44.2%) 13 (43.3%) 10 (45.5%) 1.00c)

Diabetesa) 13 (25.0%) 7 (23.3%) 6 (27.3%) 0.76c)

Radiotherapya) 15 (28.8%) 9 (30.0%) 6 (27.3%) 1.00c)

Age (years)b) 67.5 (41–89) 68 (41–89) 66.5 (52–79) 0.50d)

AST (IU/L)b) 19 (10–92) 20 (10–40) 19 (14–92) 0.97d)

ALT (IU/L)b) 18.5 (7–99) 18 (7–52) 19 (7–99) 0.88d)

γ-GTP (IU/L)b) 30.5 (10–288) 31 (12–146) 24 (10–288) 0.61d)

Serum creatinine (mg/dL)b) 1.1 (0.6–1.6) 1.18 (0.68–1.61) 1.03 (0.64–1.55) 0.034*,d)

eGFR (mL/min/1.73 m2)b) 50.3 (26.8–83.6) 45.2 (28.7–83.6) 53.9 (26.8–69.9) 0.21d)

Albumin (g/dL)b) 4.1 (2.0–5.0) 4.0 (2.8–5.0) 4.2 (2.0–4.8) 0.21d)

BMI (kg/m2)b) 22.2 (14.5–30.4) 21.9 (16.0–28.7) 22.2 (14.5–30.4) 0.35d)

Dose density: cumulative dose for 28 d after the start of sunitinib therapy divided by 28 d. POD: Postoperative day for the initiation of sunitinib therapy. a) Number (%). b) 
Median (range). c) p Value by Fisher’s exact test. d) p Value by Mann–Whitney U test. * p<0.05.
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the TT+TC genotypes at STAT3 rs744166 (CC, NA; TT+TC, 
315 d; p=0.037, log-rank test; Fig. 2A) and between patients 
with the CC genotype and the CT+TT genotypes at ABCB1 
rs1128503 (NA; p<0.050, log-rank test; Fig. 2B). Seven pa-
tients developed stomatitis after changing from hospitalization 
therapy to the ambulatory therapy. The intervals of hospital 
visit were 1 week (1 patient), 2 weeks (2 patients), 3 weeks (2 
patients), and 6 weeks (2 patients). Patients with hospital visit 
interval of 6 weeks developed stomatitis in 306 and 315 d after 
start of sunitinib therapy.

The Cox proportional-hazards regression analyses were per-
formed considering patient characteristics in addition to the 
STAT3 and ABCB1 genotypes as independent variables (p<0.1 
in the univariate analysis). As a result of the stepwise deletion, 
rs744166 TT+TC genotypes at STAT3 and serum creatinine 

were significantly associated with the cumulative incidence of 
stomatitis development (Hazard ratio for STAT3, 5.21, 95% CI, 
1.20–22.6, p=0.028; Hazard ratio for serum creatinine, 0.11, 
95% CI, 0.020-0.66, p=0.015; Table 3).

DISCUSSION

Oral mucositis develops almost exclusively on the buc-
cal and labial mucosa, lateral aspects of the tongue, floor of 
mouth, and soft palate.7) As STAT3 regulates oral mucosal 
wound healing,13) activation of STAT3 might protect oral 
mucosa. It is known that the C allele of rs744166 leads to a 
higher basal expression level of STAT3.24) In this study, we 
clarified that patients with CC genotypes at STAT3 rs744166 
had a significantly lower incidence of stomatitis compared 

Table 2. Association between Stomatitis Development and STAT3, ABCB1 and ABCG2 Polymorphisms

Number (%) Allele or genotype comparison

Non-stomatitis 
(n=30)

Stomatitis  
(n=22) Odds ratio 95% CI p Value

STAT3 rs744166
Allele T 30 (50.0%) 31 (70.5%) T vs. C 2.39 1.05–5.43 0.045*

C 30 (50.0%) 13 (29.5%)
Genotype TT 10 (33.3%) 11 (50.0%) TT vs. TC vs. CC — — 0.12

TC 10 (33.3%) 9 (40.9%) TT vs. TC+CC 2.00 0.65–6.19 0.26
CC 10 (33.3%) 2 (9.1%) TT+TC vs. CC 5.00 0.97–25.8 0.051

STAT3 rs4796793
Allele C 31 (51.7%) 31 (70.5%) C vs. G 2.23 0.98–5.08 0.069

G 29 (48.3%) 13 (29.5%)
Genotype CC 10 (33.3%) 11 (50.0%) CC vs. CG vs. GG — — 0.17

CG 11 (36.7%) 9 (40.9%) CC vs. CG+GG 2.00 0.65–6.19 0.26
GG 9 (30.0%) 2 (9.1%) CC+CG vs. GG 4.29 0.82–22.3 0.092

ABCB1 rs2032582: G2677T/A
Allele G 26 (43.3%) 18 (40.9%) G vs. T vs. A — — 0.058

T 13 (21.7%) 10 (22.7%)
A 21 (35.0%) 16 (36.4%)

Genotype GG 3 (10.0%) 4 (18.2%) GG vs. GT vs. GA vs. TT vs. AA vs. TA — — 0.062
GT 12 (40.0%) 4 (18.2%) GG vs. GT+GA vs. TT+AA+TA — — 0.31
GA 8 (26.7%) 6 (27.3%) GG vs. GT+GA+TT+AA+TA 2.00 0.40–10.0 0.44
AA 6 (20.0%) 2 (9.1%) GG+GT+GA vs. TT+AA+TA 0.53 0.16–1.79 0.53
TA 1 (3.3%) 6 (27.3%)
TT 0 (0.0%) 0 (0.0%)

ABCB1 rs1045642: C3435T
Allele C 34 (56.7%) 26 (59.1%) C vs. T 1.11 0.50–2.43 0.84

T 26 (43.3%) 18 (40.9%)
Genotype CC 11 (36.7%) 7 (31.8%) CC vs. CT vs. TT — — 0.53

CT 12 (40.0%) 12 (54.5%) CC vs. CT+TT 0.81 0.25–2.58 0.77
TT 7 (31.8%) 3 (13.6%) CC+CT vs. TT 1.93 0.44–8.49 0.49

ABCB1 rs1128503: C1236T
Allele C 25 (41.7%) 14 (31.8%) C vs. T 0.65 0.29–1.48 0.41

T 35 (58.3%) 30 (68.2%)
Genotype CC 6 (20.0%) 0 (0.0%) CC vs. CT vs. TT — — 0.067

CT 13 (43.3%) 14 (63.6%) CC vs. CT+TT — — 0.033*
TT 11 (36.7%) 8 (36.4%) CC+CT vs. TT 1.01 0.32–3.18 1.00

ABCG2 rs2231142: C421A
Allele C 43 (71.7%) 36 (81.8%) C vs. A 1.78 0.69–4.60 0.26

A 17 (28.3%) 8 (18.2%)
Genotype CC 16 (53.3%) 14 (63.6%) CC vs. CA vs. AA — — 0.30

CA 11 (36.7%) 8 (36.4%) CC vs. CA+AA 1.53 0.50–4.73 0.57
AA 3 (10.0%) 0 (0.0%) CC+CA vs. AA — — 0.25

* p<0.05.
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with those with TT+TC.
In recent works, sunitinib was reported to induce RCC cell 

apoptosis and to decrease immunosuppressive cell numbers as 
a result of STAT3 inhibition.1,24–27) STAT3 is activated by the 
stimulation of IL-6 and growth factors, and is then involved in 
the regulation of cellular differentiation, survival, and prolif-
eration.28,29) Immune systems such as Toll-like receptor signal-
ing and B-cell receptor signaling and inflammatory cytokines 
relate to stomatitis development.5,6) The following underlying 
mechanisms for sunitinib-induced stomatitis have been sug-
gested: dendritic-cell proliferation by sunitinib and cytokine 
production by increased Toll-like receptor are caused by the 
immunodeficiency and increased inflammatory cytokine pro-
duction. It is necessary to elucidate the relationship between 
the rs744166 and inflammatory cytokines in the future.

The rs1128503 (C1236T) TT-genotype at the encoding site 
of ABCB1 could lead to increased activity of the efflux pump 
or increased affinity of the pump for sunitinib.30) Moreover, 
in mRCC patients treated with sunitinib, the TT-variant of 
ABCB1 rs1128503 was associated with a higher plasma clear-
ance of sunitinib.30) In the present study, although there were 
no patients with stomatitis who had the ABCB1 rs1128503 CC 
genotype, the ABCB1 rs1128503 CT+TT genotypes exhibited 

a significant association with stomatitis development. Pgp and 
BCRP are expressed in various sites across the body, and 
they are also expressed in the salivary glands.17–19,31) In addi-
tion, ABCB1 polymorphism influences drug concentrations in 
the saliva.17) Our results suggested the relationship between 
the ABCB1 rs1128503 polymorphism and sunitinib-induced 
stomatitis. However, our results did not find the link between 
ABCB1 rs2032582, ABCB1 rs1045642, or ABCG2 rs2231142 
polymorphisms and sunitinib-induced stomatitis. The ABCB1 
rs1128503 CT+TT genotypes might excrete a drug to the sa-
liva more extensively compared with CC genotype. Therefore, 
there is a possibility that the difference in saliva secretion 
amount depending on the ABCB1 rs1128503 polymorphism af-
fects the occurrence of stomatitis. If it is possible to evaluate 
the salivary concentration of sunitinib relative to ABCB1 poly-
morphism, it might be possible to examine ABCB1’s effect on 
salivary secretion of sunitinib within the oral cavity.

The ABCB1 3435TT (rs1045642) polymorphism affects the 
activation or affinity of the efflux pump for sunitinib, lead-
ing to increased plasma concentration of sunitinib in mRCC 
patients.32) In addition, the ABCG2 421C>A (rs2231142) 
polymorphisms significantly affect the pharmacokinetics of 
sunitinib in Japanese RCC patients.33) However, in the pres-

Fig. 2. Cumulative Incidence of Stomatitis for All 52 Patients with mRCC on rs744166 and rs1128503 Genotypes
A) The STAT3 rs744166 and B) the ABCB1 rs1128503.

Table 3. Multiple Analyses for Stomatitis Development

Logistic regression analysis Odds ratio 95% CI p Value

STAT3 rs744166 (TT+TC vs. CC) 6.91 1.20–39.7 0.030*
Serum creatinine (mg/dL) 0.059 0.0051–0.69 0.024*

Cox proportional-hazards regression analysis Hazard ratio 95% CI p Value

STAT3 rs744166 (TT+TC vs. CC) 5.21 1.20–22.6 0.028*
Serum creatinine (mg/dL) 0.11 0.020–0.66 0.015*

* p<0.05.
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ent patient group, there was no relationship between these 
polymorphisms or dose density in 28 d per body weight and 
sunitinib-induced stomatitis. Although the effects of ABCB1 
TTT haplotype on pharmacokinetics and pharmacodynamics 
were often examined, our study cannot consider these effects 
because there were no patients with the TT-variant of the 
rs2032582.

The positive predictive value of genetic polymorphisms 
in determining stomatitis was 50.0% in the STAT3 rs744166; 
thus, there is a probability that approximately half positive 
results could be false positive. We believe that the develop-
ment of stomatitis depends on a variety of factors, such as 
infections in immunocompromised patients with low white 
blood cell and neutrophil counts, poor oral hygiene, nutritional 
deficiency, or steroid administration. Furthermore, the VEGF 
and the MAP-kinase pathway may be involved in mucosal 
integrity/defense and repair.8) Data from the present study 
indicate a high probability that these factors affect sunitinib-
induced stomatitis.

There are no significant differences in patient characteristics 
except for serum creatinine concentration between sunitinib-
induced stomatitis patients and non-stomatitis patients. The 
exact reasons why serum creatinine concentrations in stoma-
titis patients were significantly lower compared with those in 
non-stomatitis patients were unknown. However, the estimated 
glomerular filtration rate (eGFR)-values were not significantly 
different between in sunitinib-induced stomatitis and non-
stomatitis patients, and it was reported that pharmacokinetics 
and sunitinib safety was not affected by impaired renal func-
tion.34) Creatinine production depends on muscle mass.35) In 
the recent studies, low serum creatinine, a surrogate of muscle 
mass, has prognostic importance for patient mortality in the 
peritoneal dialysis patients or general hospital population.36,37) 
One possible explanation was that sunitinib-induced stomatitis 
might be associated with the muscle mass reflected by serum 
creatinine. In the present study, the stomatitis group included 
more female patients compared with the non-stomatitis group 
did (40.9 vs. 23.3%), although there was no statistical sig-
nificance. Furthermore, Karnofsky performance status (KPS) 
was often used as an index of patient functional impairment 
in cancer patients, where 100% is perfect health and 0% is 
death.38) The number of patients who has 80% and over KPS 
was lower in the stomatitis group than in the non-stomatitis 
group (50 vs. 69% excluding the three patients whose KPS 
were unknown). Since female patients and/or patients with 
lower KPS who may have less muscle mass were considered 
to be easy to develop sunitinib-induced stomatitis, the serum 
creatinine, but not eGFR, might be a good predictor for the 
development of stomatitis. A more precise study about this 
phenomenon is needed in the future.

We should emphasize that a limited number of patients 
were retrospectively investigated in the present study. Sample 
size was preferentially considered with feasibility according 
to the number of ambulatory patients; therefore, it would ap-
pear that the statistical power of the hypotheses in this study 
was inadequate. Large exploratory clinical trials are required 
to confirm our hypothesis. Furthermore, outpatients could not 
be specified the exact day of the onset of stomatitis. However, 
in this study, patients with hospital visit of 6-week intervals 
developed stomatitis after 300 d since the initiation of suni-
tinib. Therefore, we believe that this concern did not affect the 

conclusion of this study.
In conclusion, our retrospective analysis indicates that 

STAT3 polymorphism may be a significant risk factor for 
sunitinib-induced stomatitis in Japanese patients with mRCC. 
In the future, we believe that STAT3 polymorphism can be 
used to establish dedicated measures against drug side effects 
and mechanism-based prophylaxis in stomatitis.
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