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Abstract 

Background  Chemotherapeutic agents for ovarian cancer commonly cause chemotherapy-induced peripheral 
neuropathy (CIPN), significantly impairing quality of life (QoL). Selenium, a potent antioxidant, may mitigate toxicity 
and improve QoL in cancer patients. This study evaluated intravenous high-dose selenium for preventing neuropathic 
symptoms in platinum-sensitive recurrent ovarian cancer (PSROC).

Methods  A phase 3, double-blind, parallel group, randomized controlled pilot trial enrolled 68 patients with PSROC, 
randomized 1:1 to the experimental (selenium) and control (placebo) groups. Patients received sodium selenite 
pentahydrate (2000 µg /40 mL) or normal saline intravenously two hours before paclitaxel-carboplatin-bevacizumab 
infusion for six cycles. The primary endpoint was the incidence of grade 1 or more CIPN at 3 months following six 
cycles of chemotherapy, comparing the experimental group to the control group. Secondary endpoints included 
comparisons of grade 1 or more, grade 2 or more CIPN before each cycle, 3 weeks and 3 months after six cycles 
of chemotherapy, adverse events, QoL, and the need for concomitant medications to manage CIPN, and survival 
between the two groups.

Results  We enrolled sixty-eight patients in the study. The incidence of grade 1 or more CIPN did not differ 
between the two groups at 3 months post-chemotherapy. However, grade 2 or motor dysfunction incidence 
was significantly lower in the experimental group before cycle 3 (3.3% vs. 23.3%; P = 0.02) and before cycle 4 (3.3% vs. 
20%; P = 0.04), particularly in patients ≥ 60 years. QoL showed no statistically significant difference between the two 
groups. Duloxetine/gabapentin usage and adverse events were comparable between the two groups, 
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with no selenium-related toxicity, and there were no differences in progression-free and cancer-specific survivals 
between the two groups.

Conclusions  Intravenous high-dose selenium safely failed to reduce grade 1 or more CIPN, whereas it reduced 
grade 2 or more motor dysfunction during chemotherapy in patients with PSROC, especially those ≥ 60 years. While 
the primary endpoint was not met, selenium showed the potential of protective effects against motor neuropathy 
without safety and survival concerns.

Trial registration  ClinicalTrials.gov Identifier: NCT04201561.

Keywords  Chemotherapy, Neuropathy, Ovarian cancer, Platinum-sensitive, Recurrent, Selenium

Background
Chemotherapy-induced peripheral neuropathy (CIPN) 
is a common and debilitating side effect of many chem-
otherapeutic agents, significantly impacting patients’ 
quality of life and long-term survivorship [1–5]. Studies 
report that up to 76% of the patients experience CIPN 
within the first month after chemotherapy, and approxi-
mately 30% continue to suffer from symptoms for six 
months or longer after treatment ends [5]. The preva-
lence of CIPN varies widely depending on the agent used, 
ranging from 19% to over 85%. Notably, the highest rates 
are seen with platinum-based compounds (70–100%) and 
taxanes (11–87%) [6, 7].

Clinically, CIPN caused by paclitaxel or carboplatin 
typically presents as a symmetrical, glove-and-stocking 
distribution neuropathy that progresses over time. Pacli-
taxel can induce both sensory and motor neuropathies, 
while carboplatin is primarily associated with sensory 
neuropathy [8]. Paclitaxel-induced neuropathy shows sig-
nificant dose-limiting toxicity, and its reversibility after 
cessation of treatment remains uncertain [9, 10]. Cispl-
atin, another platinum compound, is known for causing 
prolonged and sometimes irreversible neuropathy, as 
platinum accumulates in nerve tissue and remains neuro-
toxic [11]. Given these challenges, prevention is consid-
ered the most effective strategy for managing CIPN.

Despite the high incidence and significant impact of 
CIPN by taxane- and platinum-based chemotherapy, 
there are currently no pharmacologic agents recom-
mended by the American Society of Clinical Oncology 
for its prevention [12]. Various agents—including mag-
nesium, calcium, anticonvulsants, venlafaxine, and anti-
oxidants such as vitamin E and acetyl-L-carnitine—have 
been investigated, but none have demonstrated conclu-
sive efficacy [13–17]. For symptomatic treatment, medi-
cations such as gabapentin, tricyclic antidepressants, 
anticonvulsants, non-steroidal anti-inflammatory drugs, 
and opioids are sometimes used, though often with lim-
ited success and reluctance [18].

At present, duloxetine, a serotonin-norepinephrine 
reuptake inhibitor, is the only agent recommended for 
the treatment of painful CIPN [19]. However, recent 

preliminary data suggest that duloxetine does not pre-
vent CIPN when compared to placebo [20]. The lack of 
effective preventive measures underscores the need for 
new agents and targeted interventions, especially given 
the complex pathogenesis of CIPN.

Selenium, an essential trace element, acts as a cofac-
tor for selenoproteins like glutathione peroxidases and 
thioredoxin reductases, which are crucial in reducing 
reactive oxygen species generated by chemotherapeutic 
agents. By mitigating oxidative stress-induced neuronal 
damage and mitochondrial dysfunction [21, 22], sele-
nium has been proposed as a potential neuroprotective 
agent for patients receiving taxane- and platinum-based 
chemotherapy [23, 24]. The first preclinical study has 
shown that oral selenium supplementation can partially 
protect against cisplatin-induced peripheral nerve dam-
age in an animal model [13]. However, clinical trials using 
oral selenium (100–800  µg/day) in cancer patients have 
not demonstrated significant preventive effects against 
CIPN [25–29]. In contrast, intravenous administration 
of high-dose selenium (up to 5000  µg/day) has shown 
potential benefits and acceptable safety profiles in clinical 
settings such as cardiac surgery, refractory solid tumors, 
and non-Hodgkin’s lymphoma [30–33]. Of note, the most 
common grade 3 toxicity at 5000 µg/day was restlessness 
and pain [33]. Therefore, it was decided to administer 
selenium at a lower dose than 5000 µg/day since pain can 
affect the primary outcome of our study.

Given these findings, the objective of this study is to 
evaluate the efficacy and safety of intravenous high-dose 
selenium (2000  µg/day) administered prior to chemo-
therapy with paclitaxel, carboplatin, and bevacizumab 
in preventing CIPN for patients with platinum-sensitive 
recurrent ovarian cancer (PSROC).

Methods
Study design
This investigator-initiated, phase 3, double-blind, par-
allel group, randomized controlled pilot trial aimed to 
evaluate whether intravenous administration of high-
dose selenium can prevent CIPN in patients with PSROC 
undergoing chemotherapy. All participants provided 
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informed consent prior to enrollment. The study was 
approved by the Institutional Review Board in November 
2019 (No. 1909–077–106) and registered on Clinicaltri-
als.gov in December 2019 (No. NCT04201561).

Patient characteristics
Patients were recruited from a single center. Eligible cri-
teria were as follows: (1) age between 19 and 80 years; (2) 
diagnosis of epithelial ovarian cancer with platinum-sen-
sitive recurrence, defined as recurrence occurring at least 
six months after achieving a complete or partial response 
to six to nine cycles of first-line chemotherapy with pacli-
taxel and carboplatin; (3) eligibility for second-line chem-
otherapy with paclitaxel, carboplatin, and bevacizumab; 
(4) Eastern Cooperative Oncology Group performance 
status 0 to 2; (5) no prior treatment with bevacizumab; 
and (6) normal hematologic, renal, and hepatic organ 
function. The major exclusion criteria were as follows: (1) 
patients planned to receive secondary debulking surgery, 
(2) previous treatment with bevacizumab, (3) underlying 
disease such as diabetes, brain, or bone metastasis com-
bined with neuropathy, and (4) allergy to selenium. Treat-
ment response was assessed according to the Response 
Evaluation Criteria in Solid Tumors or Gynecologic Can-
cer Intergroup criteria [34, 35].

Intervention
Eligible patients were randomized in a 1:1 ratio to either 
the experimental or control group. Randomization was 
performed using a reproducible web-based program, and 
the allocation was managed by third-party unblinded 
staff (ML). The experimental group received sodium sel-
enite pentahydrate 2000  µg/40  mL (Selentab®; Boryung 
Co., Ltd, Seoul, Republic of Korea) administered intra-
venously over two hours prior to chemotherapy. Chemo-
therapy consisted of paclitaxel (175 mg/m2), carboplatin 
(area under the curve 5), and bevacizumab (15  mg/kg), 
administered intravenously over 3, 1, and 1.5  h, respec-
tively, for six cycles every 3  weeks according to the 

GOG-213 protocol [36]. The control group received 
40  mL of intravenous normal saline as a placebo over 
2 h before receiving the same chemotherapy regimen at 
each cycle. Following completion of six cycles of chemo-
therapy using paclitaxel, carboplatin, and bevacizumab, 
maintenance therapy with bevacizumab alone was per-
mitted every 3 weeks until the relapse or as determined 
by medical necessity or patient preference.

Data collection and assessment tools
The diagnosis of CIPN was based on the presence of 
symptoms such as symmetrical glove-and-stocking par-
esthesia or numbness, motor weakness without second-
ary causes, or loss of deep tendon reflexes attributable to 
chemotherapy. The severity of CIPN was assessed using a 
combination of the World Health Organization (WHO) 
CIPN grading scale [37, 38] and the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events (NCI-CTCAE) version 5.0 [39] before each cycle, 
and 3 weeks and 3 months after six cycles of chemother-
apy, as previously described (Table 1) [40]. According to 
these criteria, the incidence rate of CIPN was defined 
as the proportion of patients exhibiting grade 1 or more 
neuropathy—manifested as paresthesia, pain, or motor 
dysfunction—divided by the total number of patients in 
each group. The NCI-CTCAE and WHO-CIPN criteria 
have been used in combination in this study to accu-
rately assess the severity of CIPN. In detail, NCI-CTCAE 
is a clinician-based grading criterion that quantifies the 
severity of CIPN in both sensory and motor aspects, 
utilizing a 5-point scale. However, the paresthesia com-
ponent is only graded from 1 (asymptomatic/mild) to 3 
(severe). It also incorporates the severity in limitation of 
activities of daily living (ADL). For the WHO-CIPN crite-
rion, paresthesia, reflex decrease assessed by deep tendon 
reflex measurement, pain, as well as the extent of motor 
loss parameters are included. In this study, DTRs have 
been assessed by a neurologist (STL), which were graded 
according to the National Institute of Neurological 

Table 1  Evaluation of chemotherapy-induced peripheral neuropathy (WHO-CTCAE criteria)

CTCAE Common Terminology Criteria for Adverse Events, WHO World Health Organizatoin, ADL activity of daily living, DTR deep tendon reflex, NRS numerical rating 
scale

Factors Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Paresthesia No symptom Presence of paresthesia (no 
requirement of medication)

Severe paresthesia (improved 
with medication, tolerable 
without medication)

Intolerable pares-
thesia (intolerable 
without medica-
tion)

Life-threatening consequence: 
urgent intervention indicated 
(death related to overdose 
of medication)

Pain NRS 0 NRS 1–3 NRS 4–6 NRS 7–9 NRS 10

Motor dysfunction No weakness Normal ADL and/
or decreased DTR

Limiting instrumental ADL 
and/or light muscle weak-
ness

Limiting self-
care ADL and/
or marked muscle 
weakness

Life-threatening consequence: 
urgent intervention indicated
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Disorders and Stroke (NINDS) grading system [41]. The 
grading of deep tendon reflex using this criterion is con-
sidered hyporeflexic (1 +), when the reflex is decreased, 
as interpreted as grade 1 in the WHO-CTCAE grade 
used in our study. All other assessments were graded by 
an independent researcher, and the most severe param-
eter was recorded as the final grading.

Adverse events were assessed at 3  weeks after each 
chemotherapy cycle and at 3 months after completion of 
six cycles, according to CTCAE version 5.0. Assessments 
were periodically reviewed by an independent Data 
Safety and Monitoring Board with no conflicts of interest 
in the study.

Patient-reported quality of life (QoL) was assessed 
at baseline, 3  weeks after three and six cycles, and 
3  months after six cycles of chemotherapy, using the 
European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire-Core 30 (EORTC 
QLQ-C30) [42, 43], and the European Organization 
for Research and Treatment of Cancer Chemotherapy-
Induced Peripheral Neuropathy 20-item scale (EORTC 
QLQ-CIPN-20) [44]. The CIPN-20 module was utilized 
to measure the patient-reported symptoms specifically 
related to CIPN. The QLQ-C30 comprises 15 ques-
tions that include five functional scales, three symptom 
scales, a global health status scale, and six single symp-
tom items. The average of the items that contribute to the 
scale (raw score) was calculated, and linear transforma-
tion was used to standardize the raw score from 0 to 10, 
according to the EORTC scoring manual [43]. A higher 
functional scale represents better functioning, whereas a 
higher symptomatic scale represents worse symptoms. In 
addition, we calculated the summary score of the EORTC 
QLQ-C30 from the 13 scales, excluding the financial 
impact scale and global health scale. For EORTC QLQ-
CIPN20 scoring, the same methodology applies with 
higher scores indicating worse symptoms related to 
CIPN. This system contains 20 items assessing sensory 
(9 items), motor (8 items), and autonomic symptoms 
(3 items). One autonomic item related to male erection 
was excluded, and one motor item related to driving was 
excluded in scoring if not applicable. Additionally, the 
number, dose, and duration of concomitant medications 
used to manage CIPN—including gabapentin, pregabalin, 
duloxetine, and analgesics—were compared between the 
experimental and control groups.

Endpoints
The primary endpoint was the incidence of grade 1 or 
more CIPN at 3  months following six cycles of chemo-
therapy, comparing the experimental group to the con-
trol group. Secondary endpoints included comparisons 
of grade 1 or more CIPN before each cycle and 3 weeks 

after six cycles of chemotherapy, grade 2 or more CIPN 
before each cycle, 3 weeks and 3 months after six cycles 
of chemotherapy, adverse events, QoL, and the need for 
concomitant medications to manage CIPN, and survival 
between the two groups.

Statistical analysis
The sample size calculation was based on our previously 
published protocol [38]. Assuming a non-inferiority mar-
gin of 37.5%, type-I error probability of 0.05 (two-sided 
test), 1:1 randomization ratio, and 80% statistical power, 
52 patients were required. Accounting for an 85.8% com-
pletion rate of six chemotherapy cycles based on the 
GOG-213 protocol [36], this was adjusted to 62 patients. 
With an additional 10% dropout rate, the final sample 
size was 68 patients (34 per group).

Both primary and secondary outcomes were analyzed 
using the Per-Protocol (PP) population, and the inten-
tion-to-treat (ITT) population was used for adverse 
event analysis. The incidence of grade 1 or more CIPN at 
3 months post-chemotherapy was compared between the 
two groups using chi-square tests for binomial propor-
tions. QoL scores were analyzed using repeated-measures 
analysis of variance (ANOVA) with Greenhouse–Geisser 
and Huynh–Feldt adjustments to evaluate group differ-
ences, time effects, and group-time interactions.

Subgroup analysis compared CIPN incidence by age 
(≥ 60 vs. < 60  years). Adverse events and toxicities were 
analyzed using chi-square or Fisher’s exact tests for cat-
egorical variables, and repeated-measures ANOVA for 
longitudinal data. Continuous variables were assessed 
with Student’s t-tests or Mann–Whitney U tests, while 
categorical variables used chi-square or Fisher’s exact 
tests. For survival analysis, progression-free survival 
(PFS) and cancer-specific survival (CSS) were estimated 
using the Kaplan–Meier method. Differences between 
groups were assessed using the log-rank test. All analyses 
were performed with SPSS for Windows (Version 20.0; 
IBM Corp., Armonk, NY), with statistical significance 
defined as P < 0.05.

Results
Patient characteristics
The flow chart on patient enrollment and treatment is 
presented in Fig. 1. A total of 60 patients were included 
in the PP population. Patient characteristics are summa-
rized in Table 2. Baseline characteristics were comparable 
between experimental and control groups. Nearly half of 
the patients were over 60 years of age, and the proportion 
of patients who had received neoadjuvant chemotherapy 
was similar in both groups.
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Primary endpoint
The incidence rate of grade 1 or more CIPN 3  months 
after six cycles of chemotherapy did not differ signifi-
cantly between the two groups (Table  3). At 3  months 
post-chemotherapy, grade 1 or more paresthesia, 
pain, and motor dysfunction were shown in 19 (73%), 
6 (23.1%), and 8 patients (30.7%) in the experimental 
group, and 24 (79%), 3 (10%), and 9 (30%) in the control 
group (P > 0.05).

Secondary endpoints
The incidence rates of grade 1 or more CIPN before each 
cycle and 3 months after six cycles of chemotherapy were 
also not different between the two groups (Table 3). Since 
grade 1 of CIPN was defined as tolerable without inter-
vention or medication in this study (Table 1), we assessed 
the incidence rate of grade 2 or more CIPN requiring 

intervention or medication before each cycle, 3  weeks 
and 3  months after six cycles of chemotherapy. As a 
result, a reduction in the incidence of grade 2 or more 
motor dysfunction was observed before cycle 3 (3.3% 
vs 23.3%; P = 0.02) and before cycle 4 of chemotherapy 
(3.3% vs 20%, P = 0.04) in the experimental group. When 
stratified into age, a significant decrease in the inci-
dence of motor dysfunction before cycle 3 was observed 
in patients over 60  years old in the experimental group 
(5.6% vs 33.3%, P = 0.04; Table  4). Moreover, there were 
no patients with grade 3 or more CIPN in both groups.

No statistically significant difference in the EORTC 
QLQ-C30 summary score was found between the 
experimental and control groups over time (Fig.  2, 
Additional file 1: Table S1). The EORTC QLQ-C30 sum-
mary score declined 3 weeks after cycle 6 but increased 
again 3 months after completion of chemotherapy. No 

Fig. 1  CONSORT flow diagram (PP, per-protocol; ITT, intention-to-treat)
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difference was found according to age. Similarly, the 
numerical scores related to sensory and motor function 
measured by the EORTC QLQ-CIPN20 declined over 
time after cycle 6 in both groups; however, there were 
no statistically significant differences in the group-
by-time interaction for these scales (Fig.  3, Additional 
file 2: Table S2).

Both hematologic and non-hematologic toxicities 
showed no difference in the two groups (Tables  5 and 
6). Hypersensitivity reactions were observed only in 
the control group and were related to chemotherapeu-
tic drugs. Eight patients (23.5%) in the control group 
and seven patients (20.6%) in the experimental group 
experienced adverse events during treatment with no 

significant difference between the two groups (P = 0.31). 
The most common adverse event was nonspecific body 
pain, which was resolved with conservative manage-
ment. One patient in the control group experienced 
grade 4 symptomatic hyponatremia, requiring immedi-
ate correction and hospitalization. No adverse events 
were related to selenium toxicity (Table 7).

Adjustment of the dose of chemotherapeutic agents 
and other concomitant drugs affecting CIPN are shown 
in Table 8. Approximately 30% of patients in both groups 
required a dose reduction in chemotherapy. There was 
no difference in the dosage of duloxetine and gabapentin 
administered during treatment.

Total mean follow-up months were 31.5 ± 11.3 in the 
control group and 29.8 ± 13.3 months in the experimental 
group (P = 0.59). Median PFS and CSS did not differ sig-
nificantly between the two groups (Fig. 4).

Discussion
This current study is the first to evaluate the efficacy and 
safety of high-dose intravenous selenium for the preven-
tion of CIPN in patients with PSROC. Even though the 
primary endpoint was not met, notable findings emerged. 
The experimental group demonstrated a significantly 
lower incidence of motor dysfunction before cycle 3 
and before cycle 4 of chemotherapy, with the most pro-
nounced reduction observed in patients over 60 years of 
age. The QOL scores measured by the EORTC-QLQ30 
and EORTC-QLQ-CIPN20 scales did not show any sta-
tistically significant difference between the experimental 
and placebo groups. High-dose intravenous selenium was 
safely administered, with no serious treatment-related 
adverse effects reported.

The timing and cumulative dosing of chemotherapeutic 
agents likely influenced the development and detection 
of CIPN. Paclitaxel-induced neuropathy typically arises 
at cumulative doses exceeding 1400 mg/m2, with sensory 
symptoms often appearing 2 to 4  weeks after adminis-
tration and progressing in a glove-and-stocking pattern. 
Similarly, cisplatin-induced CIPN is associated with 
cumulative doses of 300–600 mg/m2 [11, 45]. Given the 
dosing regimens in this study, it is plausible that sensory 
neuropathy became more evident after six cycles of tax-
ane and several weeks of platinum therapy. Furthermore, 
the “coasting phenomenon”—the delayed worsening of 
neuropathy symptoms after chemotherapy cessation—
may have limited the observed preventive effect of sele-
nium at the 3-month assessment [46]. Nonetheless, there 
was a trend toward a 12% lower incidence of paresthesia 
in the experimental group at 3 months post-chemother-
apy, suggesting a potential benefit that might be more 
apparent in a larger cohort.

Table 2  Clinicopathologic characteristics

FIGO International Federation of Gynecology and Obstetrics, HGSC high-grade 
serous carcinoma, LGSC low-grade serous carcinoma, R0 no visible tumor, R1 the 
size of residual tumor < 1 cm, R2 the size of residual tumor > 1 cm, mo months

Characteristics Placebo
(n = 30, %)

Selenium
(n = 30, %)

P value

Age 0.48

  ≥ 60 15 (50) 18 (60)

  < 60 15 (50) 12 (40)

Underlying conditions

  Diabetes mellitus 3 (10) 5 (16.7) 0.75

  Cardiovascular diseases 8 (26.7) 10 (33.3) 0.45

  Thyroid diseases 2 (6.7) 4 (13.3) 0.43

Initial FIGO stage 0.95

  1 1 (3.3) 1 (3.3)

  2 2 (6.7) 3 (10)

  3 12 (40) 9 (30)

  4 15 (50) 17 (56.7)

Histology 0.46

  HGSC 22 (73.3) 26 (86.7)

  Endometrioid carcinoma 3 (10) 0 (0)

  Clear cell carcinoma 3 (10) 4 (13.3)

  LGSC 2 (6.7) 0 (0)

Prior treatment 0.13

  Upfront debulking surgery 11 (36.7) 18 (60)

  Neoadjuvant chemother-
apy + interval debulking surgery

19 (63.3) 12 (40)

Prior size of residual tumor 0.07

  R0 26 (86.7) 25 (83.3)

  R1 4 (13.3) 3 (10)

  R2 0 (0) 2 (6.7)

Prior treatment-free interval (mons) 25.4 ± 37.7 17.9 ± 14.1 0.30

Cycles of chemotherapy and beva-
cizumab

6 (100) 6 (100) –

Cycles of maintenance bevaci-
zumab

18.0 ± 12.4 15.6 ± 13.6 0.48

Total follow-up (mo) 31.5 ± 11.3 29.8 ± 13.3 0.59
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Fig. 2  Change in quality-of-life scores of the EORTC QLQ-C30

Fig. 3  Changes in quality-of-life scores of the EORTC-CIPN20: A all patients; B age < 60 years; (C) age ≥ 60 years
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The observed reduction in grade 2 motor CIPN dur-
ing chemotherapy may be attributed to the relative resil-
ience of skeletal muscle cells to oxidative stress compared 
to sensory neurons [47, 48]. Motor cells possess more 
robust adaptive responses, including activation of antiox-
idant defense systems such as superoxide dismutase and 
glutathione peroxidase, which may explain the earlier 
and more significant reduction in motor symptoms in the 
experimental group [45]. The combined use of WHO and 
CTCAE criteria, including assessment of deep tendon 
reflexes, allowed for a more comprehensive evaluation 
of motor neuropathy. The effect was especially notable in 
patients over 60 years, though the underlying mechanism 
for this age-related difference remains unclear and war-
rants further investigation. However, it is also necessary 
to consider that the reduction of grade 2 or more motor 
CIPN during chemotherapy may be a temporary phe-
nomenon, considering no difference in grade 1 or more 
CIPN between the two groups.

Antioxidants have been extensively studied for their 
neuroprotective potential in CIPN [46]. Among them, 
vitamin E has shown the most promising clinical signals, 
though results remain inconsistent. Some randomized 
trials have reported significant reductions in neurotoxic-
ity with vitamin E supplementation [14, 15, 49, 50], while 
others have not confirmed these findings in double-blind 
settings. In this context, selenium represents a promis-
ing alternative, given its role as a cofactor for antioxidant 
enzymes and its ability to mitigate oxidative stress and 
neuronal apoptosis.

The safety profile of high-dose intravenous selenium 
was reaffirmed in this study. No serious adverse events 
attributable to selenium were observed, consistent with 
previous reports in both oncology and cardiac surgery 
populations [51–53]. While chronic high intake of sele-
nium can cause selenosis, manifesting as dermatologic or 
gastrointestinal symptoms [54], no such toxicities were 
documented here. The pharmacokinetic properties of 

Table 5  Repeated measures ANOVA of hematologic toxicities

ANC absolute neutrophil count, ALT alanine aminotransferase, AST aspartate aminotransferase, WBC white blood cell

Factors Within-times Between-groups Interaction
F P F P F P

WBC 4.687 0.001 0.413 0.52 0.568 0.71

Hemoglobin 17.912  < 0.001 0.634 0.43 0.865 0.44

ANC 4.445  < 0.001 1.528 0.22 0.422 0.75

Platelet 2.621 0.11 0.000 0.99 0.965 0.34

AST 1.770 0.13 1.811 0.18 2.258 0.05

ALT 6.517  < 0.001 1.614 0.21 1.855 0.13

Bilirubin 0.481 0.54 0.172 0.68 1.334 0.26

Creatinine 2.509 0.04 0.041 0.84 1.859 0.12

Table 6  Non-hematologic toxicities per treatment cycle with or without selenium

ACV altered conduction velocity

Parameters Treatment Cycle 1 P Cycle 2 P Cycle 3 P Cycle 4 P Cycle 5 P Cycle 6 P

Electrocardiogram ACV Placebo 0 (0) - 1 (3.3) 0.77 0 (0) 0.34 0 (0) - 1 (3.3) 0.54 1 (3.3) 0.54

Selenium 0 (0) 2 (6.7) 2 (6.7) 0 (0) 0 (0) 0 (0)

Nausea Placebo 1 (3.3) 0.54 1 (3.3) 1.00 0 (0) 0.34 0 (0) 0.54 0 (0) - 0 (0) -

Selenium 0 (0) 1 (3.3) 2 (6.7) 1 (3.3) 0 (0) 0 (0)

Constipation Placebo 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) -

Selenium 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Vomiting Placebo 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) -

Selenium 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Diarrhea Placebo 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) -

Selenium 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Stomatitis Placebo 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) - 0 (0) -

Selenium 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Hypersensitivity Placebo 1 (3.3) 0.54 1 (3.3) 0.54 1 (3.3) 0.543 0 (0) - 1 (3.3) 0.54 3 (10) 0.25

Selenium 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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intravenous selenium, including a relatively long half-life 
and rapid tissue distribution, support its use as a neu-
roprotective agent when administered prior to chemo-
therapy. However, the potential for delayed-onset CIPN 
and the “coasting phenomenon” suggest that extended or 

repeated dosing schedules may be necessary to optimize 
preventive effects.

This study has several strengths, including its prospec-
tive, randomized, double-blind design and the enroll-
ment of a relatively large cohort compared to previous 
antioxidant trials in CIPN. However, some limitations 
should be acknowledged. The inclusion of patients pre-
viously treated with platinum-based chemotherapy may 
have influenced baseline neuropathy rates and reduced 
the observed protective effect of selenium. Variability in 
baseline QoL scores and the lack of robust reference data 
for selenium in CIPN prevention also limited the preci-
sion of sample size calculations. In addition, there are 
no universally standardized measurements or outcome 
measures for CIPN research. Therefore, the assessment 
methods and primary endpoint vary between studies, 
which may hinder the interpretation of results. The pri-
mary outcome of this study was measured by a combina-
tion of two clinician-reported CIPN assessment tools to 
enhance objectivity. Although CTCAE is the most widely 
used clinician-based grading tool to assess treatment-
related toxicity, there are psychometric limitations for its 
use in CIPN research. Since it is focused on functional 
deficits rather than the full subjective patient experi-
ence, limited construct validity especially in the sensory 
domain, lower inter-rater reliability, and sensitivity can 
miss symptomatic changes and generate inconsistent 

Table 7  Adverse events

AE adverse event
* Duplicated events included

Characteristics Placebo
(n = 34, %)

Selenium
(n = 34, %)

P value

AE of any grade 8 (23.5) 7 (20.6) 0.310

  Grade 1 1 (12.5) 1 (14.3)

  Grade 2 2 (25.2) 4 (57.1)

  Grade 3 4 (50.0) 2 (28.6)

  Grade 4 1 (12.5) 0 (0)

Event*

  Skin rash 1 (2.7) 3 (2.0)

  Pain (abdomen/back/epigastric) 0 (0) 5 (12.5)

  Fever 1 (2.7) 3 (7.5)

  Ileus 1 (2.7) 0 (0)

  Peritonitis 1 (2.7) 2 (5.0)

  Hypertension 1 (2.7) 0 (0)

  Urinary tract infection 4 (10.8) 0 (0)

  Hyponatremia 1 (2.7) 0 (0)

  Glaucoma 1 (2.7) 0 (0)

Table 8  Total cycles, mean and cumulative doses, does reduction of paclitaxel, carboplatin and bevacizumab, doses of duloxetine and 
gabapentin and numbers of analgesics before 3 months following six cycles of chemotherapy

SD standard deviation

Types Placebo (n = 30) Selenium (n = 30) P

Total cycles (mean, SD)

  Paclitaxel 6 6 –

  Carboplatin 6 6 –

  Bevacizumab 10 ± 0.2 9.8 ± 0.8 0.34

Mean doses per cycle (mg, mean, SD)

  Paclitaxel 266.8 ± 27.4 254.8 ± 37.4 0.16

  Carboplatin 481.8 ± 87.9 457.8 ± 108.2 0.35

  Bevacizumab 882.0 ± 108.2 865.1 ± 151.2 0.62

Cumulative doses (mg, mean, SD)

  Paclitaxel 1600.6 ± 164.1 1528.6 ± 224.6 0.16

  Carboplatin 2890.7 ± 527.3 2747.0 ± 649.4 0.35

  Bevacizumab 8790.6 ± 1093.9 8434.7 ± 1753.3 0.35

Dose reduction of paclitaxel (n, %) 8 (26.7) 10 (33.3) 0.57

Dose reduction of carboplatin (n, %) 9 (30) 10 (33.3) 0.78

Dose of duloxetine (mg/d, mean, SD) 36.7 ± 9.5 22.7 ± 16.8 0.06

Dose of gabapentin (mg/d), mean (SD) 548.9 ± 263.3 672.4 ± 486.7 0.58

No. of analgesics (n, %) 1.00

  0 14 (46.7) 14 (46.7)

  1 12 (40.0) 12 (40.0)

  2 4 (13.3) 4 (13.3)
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results [55, 56]. Moreover, one of the major limitations of 
the CTCAE tool is the lack of pain assessment, which is 
also a significant component of neuropathic symptoms. 
Therefore, CTCAE and WHO toxicity grading were 
combined in this study to complement the limitations of 
each tool. However, this combination assessment tool is 
exploratory in nature, which needs to be further validated 
in CIPN research. Since clinician-based grading systems 
are known to underestimate the incidence of severity of 
CIPN, the combined CTCAE-WHO assessment may 
have affected the true incidence of CIPN and treatment 
effect. As literature using patient-reported outcomes 
(PROMs) continues to expand, composite measurement 
of both patient and clinician-assessed valid instruments 
are suggested for future trial designs [57, 58]. In addi-
tion, it is important to consider that symptom-specific 
modules such as EORTC QLQ-CIPN20 hold validity 
and interpretability issues for their autonomic subscales, 
which necessitates caution when used in CIPN research. 
Despite these challenges, the results of this study may 
provide valuable insights and a foundation for future 
research.

Conclusion
In conclusion, high-dose intravenous selenium admin-
istered with each chemotherapy cycle was associated 
with a reduction in grade 2 or more motor neuropa-
thy incidence during treatment and demonstrated 
an acceptable safety profile in patients with recurrent 
ovarian cancer. While the primary endpoint was not 

achieved, the observed trends in motor and sensory 
neuropathy, particularly among older patients, high-
light the need for further investigation. Given the 
limited options for CIPN prevention and treatment, 
selenium may represent a promising candidate for 
future clinical trials aimed at mitigating this debilitat-
ing complication. A deeper understanding of the mech-
anisms underlying CIPN and the role of antioxidants 
will be essential for the development of effective pre-
ventive strategies.

Abbreviations
CIPN	� Chemotherapy-induced peripheral neuropathy
QoL	� Quality of life
RCT​	� Randomized controlled trial
CTCAE	� Common Terminology Criteria for Adverse Events
WHO	� World Health Organization
EORTC QLQ-C30	� European Organization for Research and Treatment of 

Cancer Quality of Life Questionnaire-Core 30
EORTC CIPN-20	� European Organization for Research and Treatment of 

Cancer Chemotherapy-Induced Peripheral Neuropathy-20
RECIST	� Response Evaluation Criteria in Solid Tumors
GCIG	� Gynecologic Cancer InterGroup
GOG	� Gynecologic Oncology Group
ADL	� Activities of daily living
PP	� Per-protocol
ITT	� Intention-to-treat
ANOVA	� Analysis of variance
PFS	� Progression-free survival
ROS	� Reactive oxygen species
IU	� International unit
µg	� Microgram
mg/m2	� Milligrams per square meter
HR	� Hazard ratio
AUC​	� Area under the curve
DTR	� Deep tendon reflex
SPSS	� Statistical Package for Social Sciences

Fig. 4  Comparison of A progression-free and B cancer-specific survivals



Page 13 of 14Yim et al. BMC Medicine          (2026) 24:131 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​026-​04637-x.

Additional file 1. Table S1 – [Results of quality of life questionnaires (EORTC 
QLQ-C30)].

Additional file 2. Table S2 – [Results of quality of life questionnaires (EORTC 
QLQ-CIPN20)].

Acknowledgements
We sincerely appreciate Boryung Co., Ltd for supporting investigational prod-
ucts, and Dreampac Corporation (Wonju, South Korea) and Precision Medicine 
for Peritoneal Me-tastasis Corporative (Wonju, South Korea) for conducting 
this study.

Authors’ contributions
GWY, HSK conceived the study and drafted the original manuscript. GWY, HSK, 
KHH performed literature search, organized the table, and participated in writ-
ing the original manuscript. KHH, ML, STL, SML, HSK reviewed and edited the 
manuscript. All authors read and approved the final manuscript.

Funding
This research was supported by Basic Science Research Program through 
the National Research Foundation of Korea(NRF) funded by the Ministry 
of Education(No. RS-2025-25400201), the Commercializations Promotion 
Agency for R&D Outcomes grant funded by the Korea government (the 
Ministry of Science and ICT; No. 2710019525), Korea Technology and Infor-
mation Promotion Agency for SMEs (TIPA; No. 2420005382), Korea Institute 
of Startup & Entrepreneurship Development (KISED, No. 20264235), 
and Seoul National University Hospital (No. 0320232140; 0420222060; 
0320212060; 0420250450). Funders had no role in the design and conduct 
of the study; collection, management, analysis, and interpretation of the 
data; preparation, review, or approval of the manuscript; and the decision 
to submit the manuscript for publication.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Seoul National 
University Hospital in November 2019 (No. 1909-077-106). Written informed 
consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Obstetrics and Gynecology, Dongguk University Col-
lege of Medicine, Goyang, Republic of Korea. 2 Department of Obstetrics 
and Gynecology, Seoul National University Hospital, Seoul, Republic 
of Korea. 3 Department of Neurology, Seoul National University College 
of Medicine, Seoul, Republic of Korea. 4 Department of Obstetrics and Gyne-
cology, Seoul National University College of Medicine, Seoul, Republic 
of Korea. 5 Department of Obstetrics and Gynecology, Keimyung University 
College of Medicine, Daegu, Republic of Korea. 6 Institute of Reproductive 
Medicine and Population, Medical Research Center, Seoul National Univer-
sity, Seoul, Republic of Korea. 

Received: 1 July 2025   Accepted: 9 January 2026

References
	1.	 Driessen C, de Kleine-Bolt K, Vingerhoets A, Mols F, Vreugdenhil G. Assess-

ing the impact of chemotherapy-induced peripheral neurotoxicity on the 
quality of life of cancer patients. Support Care Cancer. 2012;20:877–81.

	2.	 Griffith KA, Couture DJ, Zhu S, Pandya N, Johantgen ME, Cavaletti G, et al. 
Evaluation of chemotherapy-induced peripheral neuropathy using cur-
rent perception threshold and clinical evaluations. Support Care Cancer. 
2014;22:1161–9.

	3.	 Kim B-J, Park H-R, Roh HJ, Jeong D-S, Kim BS, Park K-W, et al. Chemother-
apy-related polyneuropathy may deteriorate quality of life in patients 
with B-cell lymphoma. Qual Life Res. 2010;19:1097–103.

	4.	 Mols F, Beijers T, Lemmens V, van den Hurk CJ, Vreugdenhil G, van de Poll-
Franse LV. Chemotherapy-induced neuropathy and its association with 
quality of life among 2-to 11-year colorectal cancer survivors: results from 
the population-based PROFILES registry. J Clin Oncol. 2013;31:2699–707.

	5.	 Seretny M, Currie GL, Sena ES, Ramnarine S, Grant R, MacLeod MR, 
et al. Incidence, prevalence, and predictors of chemotherapy-induced 
peripheral neuropathy: a systematic review and meta-analysis. Pain. 
2014;155:2461–70.

	6.	 Bonhof CS, Mols F, Vos MC, Pijnenborg JM, Boll D, Vreugdenhil G, et al. 
Course of chemotherapy-induced peripheral neuropathy and its impact 
on health-related quality of life among ovarian cancer patients: a longitu-
dinal study. Gynecol Oncol. 2018;149:455–63.

	7.	 Fallon MT. Neuropathic pain in cancer. Br J Anaesth. 2013;1:105–11.
	8.	 Hausheer FH, Schilsky RL, Bain S, Berghorn EJ, Lieberman F. Diagnosis, 

management, and evaluation of chemotherapy-induced peripheral 
neuropathy. Semin Oncol. 2006. https://​doi.​org/​10.​1053/j.​semin​oncol.​
2005.​12.​010.

	9.	 Rowinsky E, Eisenhauer E, Chaudhry V, Arbuck S, Donehower RC. Clinical 
toxicities encountered with paclitaxel (Taxol). Semin oncol. 1993;20(4 
Suppl 3):1–15.

	10.	 Ewertz M, Qvortrup C, Eckhoff L. Chemotherapy-induced peripheral 
neuropathy in patients treated with taxanes and platinum derivatives. 
Acta Oncol. 2015;54:587–91.

	11.	 Gregg RW, Molepo JM, Monpetit VJ, Mikael NZ, Redmond D, Gadia M, 
et al. Cisplatin neurotoxicity: the relationship between dosage, time, and 
platinum concentration in neurologic tissues, and morphologic evidence 
of toxicity. J Clin Oncol. 1992;10:795–803.

	12.	 Loprinzi CL, Lacchetti C, Bleeker J, Cavaletti G, Chauhan C, Hertz DL, et al. 
Prevention and management of chemotherapy-induced peripheral 
neuropathy in survivors of adult cancers: ASCO guideline update. J Clin 
Oncol. 2020;38:3325–48.

	13.	 Erken HA, Koç ER, Yazıcı H, Yay A, Önder GÖ, Sarıcı SF. Selenium partially 
prevents cisplatin-induced neurotoxicity: a preliminary study. Neurotoxi-
cology. 2014;42:71–5.

	14.	 Argyriou A, Chroni E, Koutras A, Ellul J, Papapetropoulos S, Katsoulas G, 
et al. Vitamin E for prophylaxis against chemotherapy-induced neuropa-
thy: a randomized controlled trial. Neurology. 2005;64:26–31.

	15.	 Argyriou AA, Chroni E, Koutras A, Iconomou G, Papapetropoulos S, 
Polychronopoulos P, et al. Preventing paclitaxel-induced peripheral neu-
ropathy: a phase II trial of vitamin E supplementation. J Pain Symptom 
Manage. 2006;32:237–44.

	16.	 Ghoreishi Z, Esfahani A, Djazayeri A, Djalali M, Golestan B, Ayromlou 
H, et al. Omega-3 fatty acids are protective against paclitaxel-induced 
peripheral neuropathy: a randomized double-blind placebo controlled 
trial. BMC Cancer. 2012;12:355.

	17.	 Schloss JM, Colosimo M, Vitetta L. Chemotherapy-induced peripheral 
neuropathy management. J Clin Oncol. 2016;34(3_suppl):154.

	18.	 Kaley TJ, DeAngelis LM. Therapy of chemotherapy-induced peripheral 
neuropathy. Br J Haematol. 2009;145:3–14.

	19.	 Smith EM, Pang H, Cirrincione C, Fleishman S, Paskett ED, Ahles T, et al. 
Effect of duloxetine on pain, function, and quality of life among patients 
with chemotherapy-induced painful peripheral neuropathy: a rand-
omized clinical trial. JAMA. 2013;13:1359–67.

	20.	 Smith EM, Ellen M. Title of subordinate document. In: Alliance A221805: 
Duloxetine to prevent oxaliplatin-induced chemotherapy-induced periph-
eral neuropathy (CIPN)—a randomized, double-blind, placebo-controlled 
phase II study. https://​doi.​org/​10.​1200/​JCO.​2025.​43.​16_​suppl.​12010. 
Accessed 1 June 2025.

https://doi.org/10.1186/s12916-026-04637-x
https://doi.org/10.1186/s12916-026-04637-x
https://doi.org/10.1053/j.seminoncol.2005.12.010
https://doi.org/10.1053/j.seminoncol.2005.12.010
https://doi.org/10.1200/JCO.2025.43.16_suppl.12010


Page 14 of 14Yim et al. BMC Medicine          (2026) 24:131 

	21.	 Carozzi V, Canta A, Chiorazzi A. Chemotherapy-induced peripheral neuropa-
thy: what do we know about mechanisms? Neurosci Lett. 2015;596:90–107.

	22.	 Duggett NA, Griffiths LA, McKenna OE, De Santis V, Yongsanguanchai 
N, Mokori EB, et al. Oxidative stress in the development, maintenance 
and resolution of paclitaxel-induced painful neuropathy. Neuroscience. 
2016;333:13–26.

	23.	 Shenkin A. Selenium in intravenous nutrition. Gastroenterology. 
2009;137:S61–9.

	24.	 Sundström H, Korpela H, Viinikka L, Kauppila A. Serum selenium and glu-
tathione peroxidase, and plasma lipid peroxides in uterine, ovarian or vulvar 
cancer, and their responses to antioxidants in patients with ovarian cancer. 
Cancer Lett. 1984;24:1–10.

	25.	 Mix M, Singh AK, Tills M, Dibaj S, Groman A, Jaggernauth W, et al. Rand-
omized phase II trial of selenomethionine as a modulator of efficacy and 
toxicity of chemoradiation in squamous cell carcinoma of the head and 
neck. World J Clin Oncol. 2015;6:166.

	26.	 Muecke R, Schomburg L, Glatzel M, Berndt-Skorka R, Baaske D, Reichl B, 
et al. Multicenter, phase 3 trial comparing selenium supplementation with 
observation in gynecologic radiation oncology. Int J Radiat Oncol Biol Phys. 
2010;78:828–35.

	27.	 Weijl N, Elsendoorn T, Lentjes E, Hopman G, Wipkink-Bakker A, Zwinderman 
A, et al. Supplementation with antioxidant micronutrients and chemo-
therapy-induced toxicity in cancer patients treated with cisplatin-based 
chemotherapy: a randomised, double-blind, placebo-controlled study. Eur J 
Cancer. 2004;40:1713–23.

	28.	 Büntzel J, Riesenbeck D, Glatzel M, Berndt-Skorka R, Riedel T, Mücke R, et al. 
Limited effects of selenium substitution in the prevention of radiation-
associated toxicities. Results of a randomized study in head and neck cancer 
patients. Anticancer res. 2010;30:1829–32.

	29.	 Muecke R, Micke O, Schomburg L, Glatzel M, Reichl B, Kisters K, et al. 
Multicenter, phase III trial comparing selenium supplementation with 
observation in gynecologic radiation oncology: follow-up analysis of the 
survival data 6 years after cessation of randomization. Integr Cancer Ther. 
2014;13:463–7.

	30.	 Reid ME, Stratton MS, Lillico AJ, Fakih M, Natarajan R, Clark LC, et al. A report 
of high-dose selenium supplementation: response and toxicities. J Trace 
Elem Med Biol. 2004;18:69–74.

	31.	 Stoppe C, McDonald B, Meybohm P, Christopher KB, Fremes S, Whitlock R, 
et al. Effect of high-dose selenium on postoperative organ dysfunction and 
mortality in cardiac surgery patients: the SUSTAIN CSX randomized clinical 
trial. JAMA Surg. 2023;158:235–44.

	32.	 Asfour IA, Fayek M, Raouf S, Soliman M, Hegab HM, El-Desoky H, et al. The 
impact of high-dose sodium selenite therapy on Bcl-2 expression in adult 
non-Hodgkin’s lymphoma patients: correlation with response and survival. 
Biol Trace Elem Res. 2007;120:1–10.

	33.	 Song M, Kumaran MN, Gounder M, Gibbon DG, Nieves-Neira W, Vaidya A, 
et al. Phase I trial of selenium plus chemotherapy in gynecologic cancers. 
Gynecol Oncol. 2018;150:478–86.

	34.	 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. 
New response evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer. 2009;45:228–47.

	35.	 Rustin GJ, Vergote I, Eisenhauer E, Pujade-Lauraine E, Quinn M, Thigpen T, 
et al. Definitions for response and progression in ovarian cancer clinical trials 
incorporating RECIST 1.1 and CA 125 agreed by the Gynecological Cancer 
Intergroup (GCIG). Int J Gynecol Cancer. 2011;21:419–23.

	36.	 Coleman RL, Brady MF, Herzog TJ, Sabbatini P, Armstrong DK, Walker JL, et al. 
Bevacizumab and paclitaxel–carboplatin chemotherapy and second-
ary cytoreduction in recurrent, platinum-sensitive ovarian cancer (NRG 
Oncology/Gynecologic Oncology Group study GOG-0213): a multicentre, 
open-label, randomised, phase 3 trial. Lancet Oncol. 2017;18:779–91.

	37.	 Organization WHO. WHO handbook for reporting results of cancer treat-
ment. World Health Organization; 1979.

	38.	 Molassiotis A, Cheng HL, Lopez V, Au JS, Chan A, Bandla A, et al. Are we 
mis-estimating chemotherapy induced peripheral neuropathy? Analysis 
of assessment methodologies from a prospective, multinational, longitu-
dinal cohort study of patients receiving neurotoxic chemotherapy. BMC 
Cancer. 2019;19:132.

	39.	 US Department of Health and Human Services. Common Terminology 
Criteria for Adverse Events (CTCAE) v5.0.; 2017, Nov. [cited 2020 Mar 23]. 
Available from: https://​ctep.​cancer.​gov/​proto​colDe​velop​ment/​elect​ronic_​
appli​catio​ns/​ctc.​htm

	40.	 Park SJ, Yim GW, Pai H, Lee N, Lee S, Lee M, et al. Efficacy and safety of intra-
venous administration of high-dose selenium for preventing chemother-
apy-induced peripheral neuropathy in platinum-sensitive recurrent ovarian, 
fallopian or primary peritoneal cancer: study protocol for a phase III, double-
blind, randomized study. J Gynecol Oncol. 2021;32:e73.

	41.	 Litvan I, Mangone CA, Werden W, Bueri JA, Estol CJ, Garcea DO, et al. Reli-
ability of the NINDS Myotatic Reflex Scale. Neurology. 1996;7(4):969–72.

	42.	 Yun YH, Park YS, Lee ES, Bang S-M, Heo DS, Park S, et al. Validation of the 
Korean version of the EORTC QLQ-C30. Qual Life Res. 2004;13:863–8.

	43.	 Fayers PM, Aaronson NK, Bjordal K, Groenvold M, Curran D, Bottomley A, 
on behalf of the EORTC Quality of Life Group. The EORTC QLQ-C30 Scoring 
Manual (3rd Edition). Published by: European Organisation for Research and 
Treatment of Cancer, Brussels 2001.

	44.	 Kim HY, Kang JH, Youn HJ, So HS, Song CE, Chae SY, et al. Reliability and 
validity of the Korean version of the European Organization for Research 
and Treatment of Cancer Quality of Life Questionnaire to assess chemother-
apy-induced peripheral neuropathy. J Korean Acad Nurs. 2014;44:735–42.

	45.	 Scripture CD, Figg WD, Sparreboom A. Peripheral neuropathy induced by 
paclitaxel: recent insights and future perspectives. Curr Neuropharmacol. 
2008;4:165–72.

	46.	 Kruse FL, Bille MB, Lendorf ME, Vaabengaard S, Birk S. Coasting related to 
taxane-induced peripheral neuropathy in patients with breast cancer: a 
systematic review. Acta Oncol. 2025;64:78–86.

	47.	 Stankovic JS, Selakovic D, Rosic G. Oxidative damage as a fundament of 
systemic toxicities induced by cisplatin—the crucial limitation or potential 
therapeutic target? Int J Mol Sci. 2023;24:14574.

	48.	 Yasar H, Ersoy A, Cimen FK, Mammadov R, Kurt N, Arslan YK. Peripheral 
neurotoxic effects of cisplatin on rats and treatment with rutin. Adv Clin Exp 
Med. 2019;11:1537–43.

	49.	 Shou L, Yang H, Wang J, Liu Y, Xu Y, Xu H, et al. The therapeutic potential of 
antioxidants in chemotherapy-induced peripheral neuropathy: evidence 
from preclinical and clinical studies. Neurotherapeutics. 2023;20:339–58.

	50.	 Pace A, Bove L, Jandolo B. Vitamin E for prophylaxis against chemother-
apy-induced neuropathy: a randomized controlled trial. Neurology. 
2005;65:501–2.

	51.	 Cardoso BR, Robers BR, Bush AI, Hare DJ. Selenium, selenoproteins and 
neurodegenerative diseases. Meatallomics. 2015;7:1213–28.

	52.	 Myung SK, Kim Y, Ju W, Choi HJ, Bae WL. Effects of antioxidant supplements 
on cancer prevention: meta-analysis of randomized controlled trials. Ann 
Oncol. 2010;21:166–79.

	53.	 Klein EA, Thompson IM, Lippman SM, Goodman PJ, Albanes D, Taylor PR, 
et al. SELECT: the selenium and vitamin E cancer prevention trial. Urol Oncol. 
2003;21:59–65.

	54.	 Nuttall KL. Evaluating selenium poisoning. Ann Clin Lab Sci. 2006;36:409–20.
	55.	 Molassiotis A, Cheng HL, Lopez V, Au JS, Chan A, Bandla A, et al. Are we 

mis-estimating chemotherapy-induced peripheral neuropathy? Analysis of 
assessment methodologies from a prospective, multinational, longitudinal 
cohort study of patients receiving neurotoxic chemotherapy. BMC Cancer. 
2019;19:132.

	56.	 Velasco R, Argyriou AA, Cornblath DR, Bruna P, Alberti P, Rossi E, et al. 
Repurposing chemotherapy-induced peripheral neuropathy grading. Eur J 
Neurol. 2014;31:e16457.

	57.	 Gewandter JS, Brell J, Gavaletti G, Dougherty PM, Evans S, Howie L, et al. 
Trial designs for chemotherapy-induced peripheral neuropathy prevention 
ACTTION recommendations. Neurology. 2018;91:403–13.

	58.	 Berube-Mercier P, Tapp D, Cimon M, Li T, Park SB, Bouhelier E, et al. Evaluation 
of the psychometric properties of patient-reported and clinician-reported 
outcome measures of chemotherapy-induced peripheral neuropathy: a 
COSMIN systematic review protocol. BMJ Open. 2021;12:4.

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

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm

	Efficacy and safety of intravenous administration of high-dose selenium for preventing chemotherapy-induced peripheral neuropathy in platinum-sensitive recurrent ovarian cancer: a phase 3, double-blind, parallel group, randomized controlled pilot study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design
	Patient characteristics
	Intervention
	Data collection and assessment tools
	Endpoints
	Statistical analysis

	Results
	Patient characteristics
	Primary endpoint
	Secondary endpoints

	Discussion
	Conclusion
	Acknowledgements
	References


