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Abstract
Background  Oxaliplatin, one of the key cytotoxic drugs for colorectal cancer, frequently causes peripheral neuropathy which 
leads to dose modification and decreased patients’ quality of life. However, prophylactic or therapeutic measures have not 
yet been established. Orally administered amino acids, cystine and theanine, promoted the synthesis of glutathione which 
was one of the potential candidates for preventing the neuropathy. The aim of this study was to determine whether daily oral 
administration of cystine and theanine attenuated oxaliplatin-induced peripheral neuropathy (OXLIPN).
Methods  Twenty-eight colorectal cancer patients who received infusional 5-fluorouracil, leucovorin, and oxaliplatin (mFOL-
FOX6) therapy were randomly and evenly assigned to the cystine and theanine group and the control group. OXLIPN was 
assessed up to the sixth course using original 7-item questionnaire as well as Common Terminology Criteria for Adverse 
Events (CTCAE) grading scale.
Results  Neuropathy scores according to our original questionnaire were significantly smaller in the cystine and theanine 
group at the fourth (p = 0.026), fifth (p = 0.029), and sixth course (p = 0.038). Furthermore, significant differences were also 
observed in CTCAE neuropathy grades at the fourth (p = 0.037) and the sixth course (p = 0.017). There was one patient in 
each group who required dose reduction due to OXLIPN. Except for neurotoxicity, no significant differences were noted in 
the incidence of adverse events, and the total amount of administered oxaliplatin.
Conclusion  The results demonstrated the daily oral administration of cystine and theanine attenuated OXLIPN.
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Introduction

Colorectal cancer (CRC) is one of the most common cancers 
in the world. In 2018, an estimated 1,800,000 cases were 
newly diagnosed and nearly 860,000 patients died of the 
disease [1]. Surgical resection is the only curative treatment 
of localized CRC, and advanced disease is often treated with 
a combination of chemotherapy, radiation therapy, and sur-
gery. The chemotherapeutic efficacy in CRC has improved 
since the introduction of combination regimens including 
5-fluorouracil (5-FU) and either oxaliplatin (L-OHP) or iri-
notecan [2].

L-OHP, synthesized in 1976, is a platinum-based cytotoxic 
drug [3]. It is used to treat several cancers including CRC, 
and combination chemotherapies with L-OHP have demon-
strated significant activity against advanced CRC. On the other 
hand, oxaliplatin-induced peripheral neuropathy (OXLIPN) 
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is a common side effect which results in dose modification or 
discontinuation of the chemotherapy. It also impairs patients’ 
quality of life (QOL). OXLIPN can be classified into two dif-
ferent types: early-onset and late-onset neuropathy [4]. The 
former is characterized by acute and transient cold hyperes-
thesia, which occurs immediately after L-OHP infusion. The 
latter is a dose-dependent chronic cumulative peripheral neu-
ropathy without motor involvement. Pachman et al. reported 
that 308 (89%) of 346 patients who received FOLFOX (5-FU, 
leucovorin, and L-OHP) therapy experienced acute neuropathy 
[5]. In the multicenter phase III study (MOSAIC study), grade 
two or higher peripheral neuropathy was observed in 229 
(20.9%) of 1092 patients 1 month after 12 cycles of FOLFOX 
therapy [6]. Gebremedhn et al. reported that about 10–20% 
of patients who were treated with L-OHP-based chemo-
therapy for advanced CRC required dose reduction because 
of OXLIPN in each cycle [7]. In order to improve patients’ 
QOL and administer the L-OHP-containing chemotherapies 
as scheduled, it is important to prevent and mitigate OXLIPN. 
Over the past few decades, many studies have investigated the 
prevention and treatment of chemotherapy-induced peripheral 
neuropathy (CIPN), but few agents have been demonstrated 
to be effective. The American Society of Clinical Oncology 
(ASCO) guideline does not recommend any particular agents 
for the prevention of CIPN [8]. Developing novel preventive 
measures for OXLIPN is therefore very important.

Cystine and theanine is a supplement that contains 700 mg 
cystine and 280 mg theanine. After oral supplementation, 
cystine and theanine are changed into cysteine and glutamic 
acid, respectively, in the presence of glycine [9, 10]. Cysteine 
and glutamic acid are finally synthesized into glutathione 
(GSH) which is a strong antioxidant. GSH and its precursors, 
N-acetylcysteine and glutamine, were demonstrated to have 
protective effects against OXLIPN [11–14]. We previously 
reported that the oral administration of cystine and theanine 
reduced the incidence of S-1-associated adverse events (AEs) 
in patients who underwent curative surgery for either colon or 
gastric cancer [15]. However, the effect of cystine and theanine 
on OXLIPN has not been investigated. The aim of this study 
was to determine whether orally administrated cystine and 
theanine attenuated OXLIPN in CRC patients. AEs including 
OXLIPN were measured using Common Terminology Criteria 
for Adverse Events (CTCAE) grading scale which is an objec-
tive evaluation system [16]. Moreover, we created an original 
questionnaire which enabled precise evaluation of subjective 
symptoms of OXLIPN.

Patients and methods

Study design and patients

This study was a prospective randomized trial in CRC 
patients who received mFOLFOX6 therapy between 
2015 and 2016 at the Sendai City Medical Center (UMIN 
000020456). The study was approved by the institutional 
review board (approval number: 2015-0029), and all the 
participants provided written informed consent. The study 
was performed in accordance with the Declaration of Hel-
sinki. Eligible patients were from 20 to 80 years old and 
in performance status 0 or 1 [17]. The participants were 
treated as first-line chemotherapy for unresectable disease 
or as post-operative adjuvant chemotherapy. Participants 
were excluded if they had a documented medical history of 
active infection, poorly controlled hypertension or diabetes, 
severe cardiac or pulmonary disease, clinically important 
psychopathic disorder or central nervous system damage, the 
continuous systemic administration of steroids, pregnancy, 
breastfeeding, impossibility of oral ingestion, and mark-
edly abnormal renal or liver function tests. Patients with a 
history of prior chemotherapy were also excluded. Patients 
met the following criteria regarding their pre-registration 
laboratory tests: white blood cell count > 3000/mm3, neu-
trophil count > 1500/mm3, platelet count > 75,000/mm3, and 
hemoglobin level > 9.0 g/dl. Concomitant use of analgesics 
or moisturizing agents was allowed, but taking other amino 
acid supplements during this study was prohibited.

Randomization and treatment

Since the study was exploratory, the sample size was deter-
mined as the highest-possible number of participants during 
the research period. The subjects were divided into cystine 
and theanine group (C/T group) and control group, and allo-
cation was generated using the envelope method. In total, 28 
patients were included in the study, with 14 in each group. 
The patients in the C/T group were orally administered cys-
tine (700 mg) and theanine (280 mg) (Ajinomoto, Tokyo, 
Japan) once a day during the study. The patients in the con-
trol group received mFOLFOX6 therapy without cystine and 
theanine. All participants received mFOLFOX6 therapy, 
once every 2 weeks: L-OHP 85 mg/m2, levofolinate calcium 
200 mg/m2, bolus 5-FU 400 mg/m2, all on day 1; infusion 
5-FU 2400 mg/m2 on day 1–3 (Supplementary Fig. 1). A 
molecular target drug, bevacizumab, was administered on 
day 1 when indicated. The maximum number of courses 
was six in this study.
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Assessments

To assess the degree of peripheral neuropathy, we created 
a 7-item questionnaire based on the Functional Assessment 
of Cancer Therapy/Gynecologic Oncology Group-Neuro-
toxicity (FACT/GOG-Ntx) Questionnaire [18] (Table 1). 
The score was ranging from 0 to 28, and the severity of 
neuropathy was assessed at the start of each cycle of chemo-
therapy. The peripheral neuropathy and other AEs were also 
evaluated according to CTCAE v4.0. Peripheral neuropathy 
grades in CTCAE include motor and sensory neuropathy 
grades, and the higher grade was chosen in the study. Dose 
reduction or the cessation of the chemotherapy was decided 
by the doctor-in-charge based on the degree of AEs. The 
study was stopped if the regimen was changed because of 
the severity of AEs or the progression of the disease. The 
primary endpoint was the suppressive effect of cystine and 
theanine on peripheral neuropathy during mFOLFOX6 ther-
apy. Secondary endpoints were the frequency of other AEs 
of grade two or greater and the total amount of administered 
L-OHP.

Statistical analysis

The Mann–Whitney U test was used to compare the values, 
and the χ2 test was used to compare patients’ backgrounds 
between the two groups. Reliability of the scale was meas-
ured by the Cronbach’s α coefficient. Spearman’s rank corre-
lation coefficient was used to evaluate correlations. All data 
were presented as a number of the cases or mean ± stand-
ard error of the mean (SEM). A p value below 0.05 was 
considered statistically significant. Statistical analysis was 
performed with BellCurve for Excel ver.2.15 (Social Survey 
Research Information Co., Ltd., Japan).

Results

Patients

The characteristics of the patients were summarized in 
Table 2. The mean age of the patients in the C/T group 
and the control group was 58.1 and 67.5 years old, respec-
tively, and patients in the C/T group were significantly 
younger (p = 0.012). The proportion of women was 
higher in the control group than in the C/T group (78.6% 
vs. 42.9%) and the difference was marginally significant 
(p = 0.053). Other factors including BMI, BSA, and stage 
were comparable between the groups. The completion rate 
for cystine and theanine in the treatment group was 100%. 
Eleven patients in the C/T group and nine patients in the 
control group received mFOLFOX6 as post-operative 
adjuvant chemotherapy while others were administered 
as first-line chemotherapy for the unresectable disease 
(p = 0.403). One patient in the C/T group and five patients 
in the control group were concomitantly administrated 
bevacizumab (p = 0.065).

Table 1   The questionnaire of 
peripheral neuropathy

Not at all A little bit Some-what Quite a bit Very much

I have numbness or tingling in my hands 0 1 2 3 4
I have numbness or tingling in my feet 0 1 2 3 4
I have discomfort in my hands 0 1 2 3 4
I have discomfort in my feet 0 1 2 3 4
I have trouble buttoning buttons 0 1 2 3 4
I have trouble feeling the shape of objects 

in my hand
0 1 2 3 4

I have trouble walking 0 1 2 3 4

Table 2   The characteristics of the patients

Stage was evaluated by the seventh edition of the TNM Classification 
of Malignant tumours
C/T cystine and theanine
*p < 0.05

C/T (n = 14) Control (n = 14) p value

Age (years) 58.1 ± 2.7 67.5 ± 1.7 0.012*
Sex, male:female (cases) 8:6 3:11 0.053
Body mass index (kg/m2) 21.5 ± 0.8 23.4 ± 0.8 0.108
Body surface area (m2) 1.63 ± 0.05 1.57 ± 0.04 0.462
Diabetes mellitus (cases) 1 2 0.541
Stage II:III:IV (cases) 0:9:5 3:7:4 0.186
Adjuvant chemotherapy 

(cases)
11 9 0.403
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Original 7‑item questionnaire

The collection rate of the original 7-item questionnaire in the 
study was 96.7%. The Cronbach’s α coefficient of internal 
consistency for the questionnaire was 0.78. The spearman 
rank-correlation coefficient between our original scores and 
CTCAE neurosensory toxicity grades was 0.60 (p < 0.001).

Adverse events

Neuropathy scores according to our original question-
naire were significantly smaller in the C/T group than in 
the control group at the fourth (1.17 and 3.08, respectively, 
p = 0.026), fifth (1.09 and 3.36, respectively, p = 0.029), 
and sixth course (1.27 and 4.18, respectively, p = 0.038) 
(Fig. 1). Furthermore, significant differences were also 
observed in CTCAE neuropathy grades at the fourth (0.55 
and 0.92, respectively, p = 0.037) and the sixth course (0.55 
and 1.00, respectively, p = 0.017) (Fig. 2). Except for neu-
rotoxicity, AEs greater than grade two were present in ten 
patients in each group, and the incidences of each AE were 

not different between the groups (Table 3). Grade three AEs 
were reported in three patients in the C/T group and in four 
patients in the control group (p = 0.66), and there were no 
AEs greater than grade four in each group. There were no 
AEs attributable to cystine and theanine in this study.

Chemotherapy dose and courses

The cumulative dose of L-OHP was 671 ± 52 mg in the C/T 
group and 714 ± 23 mg in the control group, which was not sta-
tistically different (p = 0.85). The L-OHP dose was reduced in 
six patients in the C/T group and in seven patients in the con-
trol group. Of these, there was one patient in each group who 
required reduction of L-OHP dose due to peripheral neuropa-
thy. The ratio of the cumulative dose to the predetermined dose 
in the C/T group and the control group was 90.5% and 94.7%, 
respectively (p = 0.98). The number of patients who completed 
six courses without suspension was 11 in the C/T group and 12 
in the control group (p = 0.62). In each group, one patient did 
not complete six courses of mFOLFOX6, because of multiple 

Fig. 1   The scores of the 
peripheral neuropathy. The solid 
and dotted line show the mean 
score of peripheral neuropa-
thy according to our original 
questionnaire at the start of each 
cycle in the C/T group and the 
control group, respectively. The 
error bars represent standard 
error of the mean
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AEs in the C/T group and continuous chest pain in the control 
group.

Other supportive agents

Patients who received pregabalin for neuropathic pain were 
five in the C/T group and six in the control group (p = 0.70). 
Three patients in the C/T group and seven in the control group 
prescribed moisturizing agents for the prevention of dry skin 
(p = 0.11). Duloxetine, which was moderately recommended 
for the treatment of CIPN by ASCO guidelines [8], had been 
administered to one patient in the control group for treatment 
of depression before the study began. There was no new pre-
scription of duloxetine in both groups during the study.

Discussion

In the present study, we investigated the protective effect 
of orally administered cystine and theanine on OXLIPN in 
CRC patients who received mFOLFOX6 chemotherapy. 

Fig. 2   CTCAE neuropathy 
grades. The solid and dotted 
line show the mean grade of 
peripheral neuropathy according 
to the CTCAE at the start of 
each cycle in the C/T group and 
the control group, respectively. 
The error bars represent stand-
ard error of the mean

Table 3   The incidence of adverse events

C/T cystine and theanine, AEs adverse events

C/T (n = 14) Control 
(n = 14)

p value

AEs grade > 2 10 10 1.00
 Leukopenia 7 6 0.71
 Neutropenia 8 8 1.00
 Thrombocytopenia 0 2 0.14
 Appetite loss 2 1 0.54
 Nausea 1 1 1.00
 Diarrhea 0 1 0.30
 Constipation 1 0 0.30
 Non-cardiac chest pain 0 1 0.30

AEs grade > 3 3 4 0.66
 Leukopenia 1 3 0.28
 Neutropenia 3 4 0.66
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Neuropathy scores according to our original question-
naire and the CTCAE neuropathy grades were significantly 
smaller in the C/T group. Cystine and theanine promoted the 
synthesis of GSH which was one of the potential candidates 
for the prevention of CIPN. Cascinu et al. demonstrated 
that GSH had protective effects against OXLIPN in CRC 
patients [11]. Lin et al. showed that the oral administration 
of N-acetylcysteine, which is a precursor of GSH, attenuated 
OXLIPN [13], and Wang et al. revealed that the oral intake 
of glutamine, which is another precursor, was effective for 
preventing OXLIPN [14]. Although the efficacy of GSH 
has been somewhat inconclusive, the result of the present 
study indicated orally administrated cystine and theanine 
suppressed OXLIPN presumably through GSH in much the 
same way as N-acetylcysteine and glutamine.

GSH has antioxidant properties, but previous study dem-
onstrated GSH did not attenuate L-OHP activity. In a ran-
domized study of 52 CRC patients who were treated with 
L-OHP-based regimen, GSH significantly reduced OXLIPN 
without affecting tumor response rate, progression-free sur-
vival, and overall survival [11]. In a mouse xenograft model, 
cystine and theanine did not reduce cisplatin anti-tumor 
activity nor stimulate tumor growth (personal communica-
tion). In the previous studies, GSH was generally given intra-
venously only once before the administration of anticancer 
drugs [11, 12, 19–21]. However, Hong et al. demonstrated 
the elimination half-life of GSH in serum following intra-
venous injection was about 11 min [22], which indicated 
that the GSH concentration 60 min after the administration 
was equal to its normal level. In contrast, the elimination 
half-life of L-OHP exhibited three phases: the alpha half-life 
was about 23 min, the beta half-life was about 12 h, and the 
gamma half-life was 152 h when L-OHP was administered 
at 90 mg/m2 [23]. Therefore, the concentration of L-OHP 
might remain at a relatively high level when that of GSH 
decreased. On the other hand, it is presumed that the daily 
oral administration of GSH precursors could keep the blood 
concentration of GSH at a certain level, which might result 
in a stronger protective effect on OXLIPN compared to sin-
gle intravenous administration of GSH. The “cystine and 
theanine” is a promising candidate for OXLPN prevention 
with potential advantages over GSH since it is an inexpen-
sive, commercially available oral supplement.

In order to evaluate neurotoxicity, the CTCAE or World 
Health Organization (WHO) guidelines were used in the 
previous studies which demonstrated the effect of GSH 
or its precursors on CIPN [11–14, 20, 21, 24, 25]. These 
grading systems are five-grade evaluation systems, which 
might not appropriate to evaluate subtle change of periph-
eral neuropathy [26, 27], and they are healthcare provider-
based assessment tools that can be interpreted differently 
between observers [28]. We created an original question-
naire based on FACT/GOG-Ntx which was recommended 

by a systematic review on the assessment tools of CIPN [29]. 
The FACT/GOG-NTx subscale was comprised of 11 items, 
and it was validated in patients with ovarian cancer who 
were treated with taxane- and platinum-based regimen [18]. 
Kopec et al. assessed neurologic symptoms of colon cancer 
patients receiving L-OHP-containing regimen with modi-
fied FACT/GOG-Ntx, and they also validated the scale by 
demonstrating a significant correlation with the NCI-Sanofi 
criteria which is a modified CTCAE [30]. We selected 
seven items that had demonstrated strong correlations in 
their study and developed our original scale. The spearman 
rank-correlation coefficient between our original scores 
and CTCAE grades was 0.60 (p < 0.001). Hausheer et al. 
claimed that CIPN assessment tool should be easy to use, 
and that the collection rate should be greater than 80% [31]. 
The collection rate of the questionnaire in the study was 
more than 90%, which could be partly attributed to the sim-
plified scoring system. Neuropathy scores according to our 
original questionnaire were significantly different between 
the two groups at the fifth course, whereas CTCAE grade 
failed to demonstrate a significant difference. These findings 
indicated that our scoring system was easy to use and was 
more sensitive than CTCAE in detecting mild changes in 
neuropathy.

The result of the present study showed the oral admin-
istration of cystine and theanine significantly attenuated 
OXLIPN. We previously reported that cystine and thean-
ine reduced the incidence of S-1-associated diarrhea [15]. 
Meanwhile, a statistically significant difference in the inci-
dence of each AE was not found except for peripheral neu-
ropathy in this study, which was partly because the inci-
dence of diarrhea was relatively low. Recently, combination 
chemotherapy with S-1 and L-OHP (SOX therapy) has been 
used for the treatment of advanced gastric and CRC patients 
[32, 33], in which diarrhea and peripheral neuropathy were 
frequently observed. In this respect, our results suggested 
that cystine and theanine could be potential adjunct agents 
for SOX therapy.

This study has several limitations. The sample size was 
small and the study was neither double-blinded nor placebo-
controlled. Moreover, significant difference was observed in 
patients age, and female predominance in the control group 
was marginally significant, although these differences were 
not correlated with peripheral neuropathy scores (data not 
shown). The study duration of six courses and L-OHP cumu-
lative dose of around 700 mg might not be enough to fully 
assess the potential impacts of cystine and theanine. It is 
necessary to plan a large, well-designed additional study. 
However, this study was of great importance since this was 
the first to demonstrate that the daily oral administration of 
cystine and theanine attenuated OXLIPN. Further research is 
needed to reduce peripheral neuropathy and to improve the 
QOL of patients who receive L-OHP based chemotherapy.



1820	 International Journal of Clinical Oncology (2020) 25:1814–1821

1 3

Acknowledgements  The authors wish to thank Makiko Kashima, 
B.Sc., Atsushi Kudoh, Ph.D., Kazuki Takahashi, B.Sc., and Tsukushi 
Abe, B.Sc. (Department of Pharmacy, Sendai City Medical Center, 
Sendai City, Miyagi Prefecture, Japan) for their support in the AE con-
sultations that were conducted by telephone.

Funding  This work was supported by Ajinomoto Co., Inc.

Compliance with ethical standards 

Conflict of interest  No author has any conflict of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 GLOBOCAN database 2018. https​://gco.iarc.fr/today​/home. 
Accessed 20 Jan 2020

	 2.	 Maindrault-Goebel F, de Gramont A, Louvet C et  al (2000) 
Evaluation of oxaliplatin dose intensity in bimonthly leucov-
orin and 48-hour 5-fluorouracil continuous infusion regimens 
(FOLFOX) in pretreated metastatic colorectal cancer. Ann Oncol 
11:1477–1483

	 3.	 Kidani Y, Noji M, Tashiro T (1980) Antitumor activity of plati-
num (II) complexes of 1,2-diamino-cyclohexane isomers. GANN 
Jpn J Cancer Res 71:637–643

	 4.	 Pasetto LM, D’Andrea MR, Rossi E et al (2006) Oxaliplatin-
related neurotoxicity: how and why? Crit Rev Oncol Hematol 
59:159–168

	 5.	 Pachman DR, Qin R, Seisler DK et al (2015) Clinical course of 
oxaliplatin-induced neuropathy: results from the randomized 
phase III trial N08CB (alliance). J Clin Oncol 33:3416–3422

	 6.	 André T, Boni C, Mounedji-Boudiaf L et al (2004) Multicenter 
international study of oxaliplatin/5-fluorouracil/leucovorin in 
the adjuvant treatment of colon cancer (MOSAIC) investigators. 
Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for 
colon cancer. N Engl J Med 350:2343–2351

	 7.	 Gebremedhn EG, Shortland PJ, Mahns DA (2019) Variability of 
oxaliplatin-induced neuropathic pain symptoms in each cycle and 
its implications on the management of colorectal cancer patients: a 
retrospective study in South Western Sydney Local Health District 
Hospitals, Sydney. Australia J Oncol 2019:4828563

	 8.	 Hershman DL, Lacchetti C, Sworkin RH et al (2014) Preven-
tion and management of chemotherapy-induced peripheral neu-
ropathy in survivors of adult cancers: american society of clini-
cal oncology clinical practice guideline summary. J Clin Oncol 
32:1941–1967

	 9.	 Rimaniol AC, Mialocq P, Clayette P et al (2001) Role of gluta-
mate transporters in the regulation of glutathione levels in human 
macrophages. Am J Physiol Cell Physiol 281:C1964–C1970

	10.	 Asatoor AM (1966) Tea as a source of urinary ethylamine. Nature 
210:1358–1360

	11.	 Cascinu S, Catalano V, Cordella L et al (2002) Neuroprotective 
effect of reduced glutathione on oxaliplatin-based chemotherapy 
in advanced colorectal cancer: a randomized, double-blind, pla-
cebo-controlled trial. J Clin Oncol 20:3478–3483

	12.	 Milla P, Airoldi M, Weber G et  al (2009) Administration of 
reduced glutathione in FOLFOX4 adjuvant treatment for colorec-
tal cancer: effect on oxaliplatin pharmacokinetics, Pt-DNA adduct 
formation, and neurotoxicity. Anticancer Drugs 20:396–402

	13.	 Lin PC, Lee MY, Wang WS et al (2006) N-acetylcysteine has 
neuroprotective effects against oxaliplatin-based adjuvant chemo-
therapy in colon cancer patients: preliminary data. Support Care 
Cancer 14:484–487

	14.	 Wang WS, Lin JK, Lin TC et al (2007) Oral glutamine is effective 
for preventing oxaliplatin-induced neuropathy in colorectal cancer 
patients. Oncologist 12:312–319

	15.	 Tsuchiya T, Honda H, Oikawa M et al (2016) Oral administration 
of the amino acids cystine and theanine attenuates the adverse 
events of S-1 adjuvant chemotherapy in gastrointestinal cancer 
patients. Int J Clin Oncol 21:1085–1090

	16.	 Common Terminology Criteria for Adverse Events version 4.0. 
https​://ctep.cance​r.gov/proto​colDe​velop​ment/elect​ronic​_appli​
catio​ns/ctc.htm. Accessed 20 Jan 2020

	17.	 ECOG performance status. https​://www.npcrc​.org/files​/news/
ECOG_perfo​rmanc​e_statu​s.pdf. Accessed 20 Jan 2020

	18.	 Calhoun EA, Welshman EE, Chang CH et al (2003) Psychomet-
ric evaluation of the Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group-Neurotoxicity (Fact/GOG-Ntx) 
questionnaire for patients receiving systemic chemotherapy. Int 
J Gynecol Cancer 13:741–748

	19.	 Bogliun GML, Marzola M, Miceli MD et al (1996) Neurotoxicity 
of cisplatin +/- reduced glutathione in the first-line treatment of 
advanced ovarian cancer. Int J Gynecol Cancer 6:415–419

	20.	 Schmidinger M, Budinsky AC, Wenzel C et al (2000) Glutathione 
in the prevention of cisplatin induced toxicities. A prospectively 
randomized pilot trial in patients with head and neck cancer and 
non small cell lung cancer. Wien Klin Wochenschr 112:617–623

	21.	 Leal AD, Qin R, Atherton PJ et al (2014) North Central Cancer 
Treatment Group/Alliance trial N08CA-the use of glutathione 
for prevention of paclitaxel/carboplatin-induced peripheral neu-
ropathy: a phase 3 randomized, double-blind, placebo-controlled 
study. Cancer 120:1890–1897

	22.	 Hong SY, Gil HW, Yang JO et al (2005) Pharmacokinetics of 
glutathione and its metabolites in normal subjects. J Korean Med 
Sci 20:721–726

	23.	 Clinical pharmacology and biopharmaceutics review NDA 21-492 
SE8-S008. https​://www.fda.gov/files​/drugs​/publi​shed/N2149​
2s008​-Oxali​plati​n-Clinp​harm-BPCA.pdf

	24.	 Cascinu S, Cordella L, Del Ferro E et al (1995) Neuroprotective 
effect of reduced glutathione on cisplatin-based chemotherapy 
in advanced gastric cancer: a randomized double-blind placebo-
controlled trial. J Clin Oncol 13:26–32

	25.	 Smyth JF, Bowman A, Perren T et al (1997) Glutathione reduces 
the toxicity and improves quality of life of women diagnosed with 
ovarian cancer treated with cisplatin: results of a double-blind, 
randomised trial. Ann Oncol 8:569–573

	26.	 Cavaletti G, Frigeni B, Lanzani F et al (2007) The Total Neu-
ropathy Score as an assessment tool for grading the course of 
chemotherapy-induced peripheral neurotoxicity: comparison with 
the National Cancer Institute-Common Toxicity Scale. J Peripher 
Nerv Syst 12:210–215

	27.	 Kuroi K, Shimozuma K, Ohashi Y et al (2009) Prospective assess-
ment of chemotherapy-induced peripheral neuropathy due to 
weekly paclitaxel in patients with advanced or metastatic breast 
cancer (CSP-HOR 02 study). Support Care Cancer 17:1071–1080

http://creativecommons.org/licenses/by/4.0/
http://gco.iarc.fr/today/home
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://www.npcrc.org/files/news/ECOG_performance_status.pdf
http://www.npcrc.org/files/news/ECOG_performance_status.pdf
https://www.fda.gov/files/drugs/published/N21492s008-Oxaliplatin-Clinpharm-BPCA.pdf
https://www.fda.gov/files/drugs/published/N21492s008-Oxaliplatin-Clinpharm-BPCA.pdf


1821International Journal of Clinical Oncology (2020) 25:1814–1821	

1 3

	28.	 Postma TJ, Heimans JJ, Muller MJ et al (1998) Pitfalls in grad-
ing severity of chemotherapy-induced peripheral neuropathy. Ann 
Oncol 9:739–744

	29.	 Haryani H, Fetzer SJ, Wu CL et al (2017) Chemotherapy-induced 
peripheral neuropathy assessment tools: a systematic review. 
Oncol Nurs Forum 44:E111–E123

	30.	 Kopec JA, Land SR, Cecchini RS et al (2006) Validation of a 
self-reported neurotoxicity scale in patients with operable colon 
cancer receiving oxaliplatin. J Supp Oncol 4:W1–W8

	31.	 Hausheer FH, Schilsky RL, Bain S et al (2006) Diagnosis, man-
agement, and evaluation of chemotherapy-induced peripheral 
neuropathy. Semin Oncol 33:15–49

	32.	 Yamada Y, Higuchi K, Nishikawa K et  al (2015) Phase III 
study comparing oxaliplatin plus S-1 with cisplatin plus S-1 in 

chemotherapy-naïve patients with advanced gastric cancer. Ann 
Oncol 26:141–148

	33.	 Watanabe T, Muro K, Ajioka Y et al (2018) Japanese Society for 
Cancer of the Colon and Rectum (JSCCR) guidelines 2016 for the 
treatment of colorectal cancer. Int J Clin Oncol 23:1–34

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Protective effect of the oral administration of cystine and theanine on oxaliplatin-induced peripheral neuropathy: a pilot randomized trial
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Study design and patients
	Randomization and treatment
	Assessments
	Statistical analysis

	Results
	Patients
	Original 7-item questionnaire
	Adverse events
	Chemotherapy dose and courses
	Other supportive agents

	Discussion
	Acknowledgements 
	References




