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Abstract: Background: Sodium selenite at high dose exerts antitumor effects and increases 

efficacy of cytostatic drugs in multiple preclinical malignancy models. We assessed the 

safety and efficacy of intravenous administered sodium selenite in cancer patients’ refractory 

to cytostatic drugs in a phase I trial. Patients received first line of chemotherapy following 

selenite treatment to investigate altered sensitivity to these drugs and preliminary assessment 

of any clinical benefits. Materials and Methods: Thirty-four patients with different therapy 

resistant tumors received iv sodium selenite daily for consecutive five days either for two 

weeks or four weeks. Each cohort consisted of at least three patients who received the same 

daily dose of selenite throughout the whole treatment. If 0/3 patients had dose-limiting 

toxicities (DLTs), the study proceeded to the next dose-level. If 2/3 had DLT, the dose was 

considered too high and if 1/3 had DLT, three more patients were included. Dose-escalation 

continued until the maximum tolerated dose (MTD) was reached. MTD was defined as the 

highest dose-level on which 0/3 or 1/6 patients experienced DLT. The primary endpoint was 

safety, dose-limiting toxic effects and the MTD of sodium selenite. The secondary endpoint 

was primary response evaluation. Results and Conclusion: MTD was defined as 10.2 mg/m2, 

with a calculated median plasma half-life of 18.25 h. The maximum plasma concentration of 

selenium from a single dose of selenite increased in a nonlinear pattern. The most common 

adverse events were fatigue, nausea, and cramps in fingers and legs. DLTs were acute, of short 

duration and reversible. Biomarkers for organ functions indicated no major systemic toxicity. In 

conclusion, sodium selenite is safe and tolerable when administered up to 10.2 mg/m2 under 

current protocol. Further development of the study is underway to determine if prolonged 

infusions might be a more effective treatment strategy. 

Keywords: sodium selenite; carcinoma; pharmacokinetics; maximum tolerated dose 

 

1. Introduction 

The micronutrient selenium is an essential trace element and confers its antioxidant properties upon 

incorporation into selenoproteins with oxidoreductase functionalities. However, redox active free 

selenium compounds at moderate to high doses are capable of perturbing cellular redox homeostasis 

upon generating ROS [1]. Increased ROS production exerts potent cytotoxic effects on proliferating 

cancer cells that exhibit lower threshold tolerance to ROS in comparison to normal cells [2,3]. Hence, 

ROS-producing agents, including redox active selenium compounds comprise a new class of cancer 

therapeutics targeting deregulated redox homeostasis in cancer cells. Specifically, high doses of sodium 

selenite exhibit promising antitumor activities as exemplified in many preclinical studies, both in vitro 

and in vivo. Pharmacodynamics data suggest that selenite targets several key cancer-associated signaling 

pathways and induces multimodal regulated cell death pathways [4–7]. Several studies have reported 

higher cytotoxicity of selenite to tumor cells compared to non-malignant cells at comparable dose [8–10], 

thereby presenting a plausible therapeutic window. We and others have previously shown that drug-resistant 

cancer cells are more sensitive to selenite than their drug-sensitive variants both in vitro [11–13] and in 

transplantable animal models [14]. In experimental carcinogenesis and transplantable tumor models, 
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high dose of selenite prevents against the tumorigenesis and the progression of established  

carcinoma [15–18]. Together, the specificity of selenite to target cancer cells and especially those of 

drug-resistant variants highlights the key properties of selenite as a potent anticancer agent. 

In spite of promising findings in a majority of these preclinical investigations, no systematic clinical 

studies have been carried out to evaluate the therapeutic potential of this compound in cancer patients. 

Two independent studies in the early twentieth century reported subjective improvement, prolonged life 

span and disease free survival in a fraction of patients with inoperable carcinoma following iv administration 

of colloidal selenium [19,20]. So far, selenite pharmacodynamics data are only available in sepsis 

patients with neither increased incidence of acute toxicity symptoms nor higher frequency of adverse 

events when administered with a bolus-loading dose of 2.0 mg Se followed by continuous infusion of 

1.6 mg Se per day for 10 days [21]. Another study has reported similar finding on the incidences of adverse 

events following iv administration of comparable dose of selenite in sepsis patients [22]. However, lack 

of pertinent pharmacokinetics and safety data in dose-escalation studies and presumed high toxicity of 

selenite to humans have limited its potential application as a cancer therapeutic.  

In view of the much anticipated investigation aiming at evaluating the efficacy of selenite in the 

treatment of cancer, the present phase I study was designed to evaluate the safety, establish the MTD of 

iv administered selenite and preliminary efficacy evaluation following termination of selenite treatment 

and subsequent treatment with cancer therapeutics in cancer patients with advanced disease. Based on 

the previous studies, we postulated that selenite might work as a remedy against cancer in three ways: 

the antitumor effect by itself, by reversing chemoresistance and by ameliorating toxic effects from 

chemotherapy. In accordance, each patient was treated with identical chemotherapy as their first line of 

treatment following the assessment of the selenite effect. This made it possible to compare the toxicity 

and primary anti-tumor effects before and after selenium administration. 

2. Experimental Section 

2.1. Patient Eligibility 

Inclusion criteria comprised confirmed malignant disease with progressing tumor in spite of treatment 

with established drugs for respective diagnosis, capacity to cooperate, a good or fairly good performance 

status (WHO performance status 0–2), and age above 18 years. The exclusion criteria consisted of any 

other complicating disease interfering with the possibility to carry through the study and any other cancer 

treatment 3 weeks prior the treatment commencement. The study was approved by the Ethical Committee of 

Stockholm (2006/429-31/3), the Swedish Medical Products Agency and registered in EU Clinical Trial 

Register (Eudra CT Number: 2006-004076-13). All patients provided informed consent prior to receiving 

the treatments. 

2.2. Study Design 

This phase I trial was an open-label dose-escalation study of iv administered sodium selenite as a 

single agent. Detailed study design is presented in Figure 1 and dose escalation schedule is described in 

Table 1.  
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Figure 1. Schematic diagram depicting the study design. The first 13 patients were treated 

as per the initial study protocol that was amended and Patients 14–34 were subjected to new 

treatment schedule. For detailed information on the specific chemotherapeutic interventions in 

each patient, please refer to Supplementary Table S1. 160 × 41 mm (300 × 300 DPI). 

Table 1. Dose Exposure/Escalation Design. 

Cohort 

No. 

No. of 

Patients 

Daily Dose 

(mg/m2) 
Treatment Schedule 

Total Median dose (mg); 

(range) 

1 3 0.5 OPD; 5 d/week; 4 weeks 18.0 (17.5–18.0) 

2 3 1.0 OPD; 5 d/week; 4 weeks 36.8 (34.0–42.0) 

3 3 1.5 OPD; 5 d/week; 4 weeks 60.0 (50.0–62.0) 

4 4 2.0 OPD; 5 d/week; 4 weeks 72.5 (66.5–92.0) 

Protocol amendment; 50% dose escalation in subsequent cohorts 

5 4 3.0 OPD; 5 d/week; 2 weeks 49.0 (28.8–57.5) 

6 3 4.5 OPD; 5 d/week; 2 weeks 74.0 (62.0–98.0) 

7 3 6.8 OPD; 5 d/week; 2 weeks 117.0 (115.0–131.0) 

8 3 10.2 OPD; 5 d/week; 2 weeks 214.0 (176.0–225.0) 

9 6 15.3 OPD; 5 d/week; 2 weeks 77.7 (58.0–326.0) 

10 2 12.8 OPD; 5 d/week; 2 weeks 159.8 (107.6–212.0) 

Table 1: Dose is expressed as “total” selenium equivalent, not as selenite. One patient in cohort 3 received 

19/20 treatments and another patient in cohort 4 received 5/10 treatments. At 15.3 mg/m2 dose, only one patient 

received all the planned treatment. Rest of the patients in this cohort received a total of 2–5 treatments (median 

value 3) following which treatment was stopped either due to onsets of grade 3–4 SAE or at patients’ own 

discretion. Note that cohort 10 received a dose of 12.8 mg/m2 to define whether MTD lies within an 

intermediate dose. An example: For a patient with surface area 1.72 m2 receiving 10.2 mg/m2 dose, the daily 

dose is equal to 17.544 mg (1.72 m2 × 10.2 mg/m2). Surface area calculation: √(height × weight/3600); where height 

is in cm and weight is in kg. [23]. Abbreviation: OPD—once per day. 

Each cohort consisted of at least 3 patients who were treated at escalating dose levels according  

to a predefined schedule. The patients received the same daily dose of selenite throughout the whole 

treatment. If 0/3 patients had DLT, the study proceeded to the next dose-level. If 2/3 had DLT, the dose 

was considered too high and if 1/3 had DLT, 3 more patients were included. Dose-escalation continued 

until the MTD was reached. MTD was defined as the highest dose-level on which 0/3 or 1/6 patients 

experienced DLT. To further titrate the MTD, an intermediate dose was chosen in between the dose 

resulted in high DLT and the nearest lower dose with acceptable toxicity. 
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2.3. Drug, Dose Escalation Design and Infusion Schedule 

GMP grade sodium selenite (Intro-Selen i.v., Pharma Nord ApS, Denmark) was used for the  

study. The first cohort was treated daily with 0.5 mg/m2 selenium, equivalent to 1.1 mg/m2 selenite, thus 

approximately a total dose of 0.9 mg selenium per day for a medium sized Swedish patient. The first 13 

patients (first 4 cohorts) received 10 treatments during 2 weeks (no treatment during weekends). Following 

a week of rest, all the patients received the same treatment for another 2 weeks. The objectives of the 

prolonged treatment were to achieve a gradual increase of plasma selenium concentration and  

to detect any serious toxicity at the earliest. Initially, the dose escalation for a successive new cohort was 

0.5 mg/m2. However, after initial plasma selenium levels measurement in the study cohorts receiving up 

to 2.0 mg/m2 dose, we found no or very limited increase in plasma selenium level in the 3rd and 4th week. 

Therefore, an amended protocol was adopted in which the treatment schedule was changed to 10 

treatments during 2 weeks with a faster dose-escalation (50% dose escalation for each new cohort). 

Selenite was administered during 20 min in the first 21 patients. Since each vial comprised only 0.4 mg 

selenium in 10 mL, Patient 22 to Patient 29 received the treatment for 40 minutes to avoid too high 

infusion volumes at short duration. From patient 30 and later, the infusion was given during 4 h. 

Pretreatment with betametason and omeprazol were routinely given to patients at dose levels of 10.2 mg/m2 

and above. 

2.4. Toxicity Assessment 

With a few exceptions, all patients visited OB before and after inclusion, at least once a week during 

the treatment, before each chemotherapy treatment and at the end-of-treatment. At these occasions, 

medical history was recorded and physical examination was performed. Patients underwent CT 

examination one week before the start, 3 days after the completion of selenite treatment and after the 

final chemotherapy treatment. From Patient 27, the first and second CT examinations were substituted 

with PET-CT examination. Routine blood parameters were analyzed before, during and after the treatment. 

ECG was examined before the start and after both the selenite and chemotherapy treatments. 

2.5. Chemotherapy 

All patients had earlier received 1 up to 4 lines of chemotherapy pertinent to the respective diagnosis. 

Detailed description of chemotherapy regimen for each patient is presented in supplementary Table S1. 

Progression in spite of any treatment was an inclusion criterion. We thought that it was of potential 

clinical interest to assess chemotherapy-induced toxicity after selenite treatment knowing that most of 

the patients experienced depleted bone marrow reserves after receiving 2–4 lines of chemotherapy. 

Consequently, being in significantly worse general condition compared with what was the case when 

receiving their first line of chemotherapy also rendered the patients more vulnerable to toxicity. Such 

assessment was performed by administering the same chemotherapy treatment following selenite 

treatment in each patient. This gave an opportunity to compare both the toxicity and effect of primary 

treatment from patient records and the subsequent chemotherapy regimen. It is important to note that the 

idea of implementing chemotherapy after the selenite treatment may not be comprehended as combined 

treatment strategy. Rather, this approach opened up the possibility to evaluate the modulatory effects of 
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selenite treatment on toxicity arising out of subsequent chemotherapy and also to study the possible 

reversal of chemoresistance following selenite treatment. 

2.6. Pharmacokinetic Evaluation 

2.6.1. Blood Sampling and Selenium Analysis 

Blood samples were collected about 5 min prior and post infusion at all treatments. The plasma 

fractions were obtained by centrifugation and stored at –70 °C until analyses. Selenium (as 82Se) in the 

plasma samples was quantified by ICP-MS, as described previously [24] (for details, see data supplement). 

2.6.2. Pharmacokinetic Analyses 

Pharmacokinetic analyses were performed by using the Win-Nonlin program Standard Edition 

version 1.5 (Pharsight Corporation, Mountain View, CA, USA). The one compartment infusion model 

was used for the evaluation of the pharmacokinetics. The reciprocal concentrations were used as weights 

for the iterative procedure. The output from the curve fitting program gives the area under the plasma 

selenium concentration–time curve (AUC) for a single dose, calculated from the fitted  

zero-time intercepts and exponential rate constants of a one exponential function giving AUC values 

from time zero to infinity. AUC values during the entire treatment period (i.e., from day 0 to day 35) 

were evaluated by applying the trapezoidal rule to estimated time–concentration curves. 

2.6.3. Statistical Analyses 

We used descriptive statistics (SigmaPlot, Version 11) to summarize the data for safety, toxicity, 

pharmacokinetics and clinical activity. 

3. Results 

3.1. Patients 

A detailed description of patient characteristics is presented in Table 2. All the patients received  

at least two doses of selenite and were evaluable for toxicity. Four patients stopped treatment because of 

DLT and two patients chose to discontinue in spite of no DLT. For one patient with progressing liver 

metastases, treatment was stopped due to quickly rising bilirubin. 

3.2. Dose Escalation, Toxicity and MTD 

Of the first 13 patients included, 12 received all planned selenite treatments. One of the patients  

died from acute pneumonia with heart complications after 19 treatments. Of the following 21 patients,  

13 received 10/10 planned selenite infusions. In a group of patients with advanced, progressing carcinoma 

and expected short survival, it was sometimes difficult to distinguish between the symptoms from the 

selenite treatment and symptoms from the progressing carcinoma, posing certain limitations on the side 

effects evaluations in the present study. There were hardly any symptoms of toxicity below 3.0 mg/m2 dose. 

The most common toxicities were nausea, vomiting and fatigue, observed at dose levels 4.5 mg/m2 and 
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higher (Table 3). No DLT was observed at doses ≤10.2 mg/m2. At 15.3 mg/m2 dose-level, DLTs were 

observed in 2/6 patients and the dose was reduced to 12.8 mg/m2 in the next study cohort, according to 

the dose-escalation rules of the study. At this dose, both the first and second patient had dose limiting 

toxicity. Thus, the MTD was considered to be 10.2 mg/m2. The highest cumulative dose given without 

any serious adverse events was 326 mg selenium during 12 days with no evidence of DLT in a 66 years 

old patient, at dose level 15.3 mg/m2. One patient with a throat obstacle from a hypo-pharyngeal 

carcinoma experienced vomiting after three selenite treatments, causing aspiration pneumonia, leading 

to death within a few days (Table 3).  

Table 2. Demographics and clinical characteristics of patients enrolled in SECAR trial. 

Characteristic 
Patients (N = 34) 

No. % 

Age, Years   

Mean 59.7 

SD 11 

Median 61.5 

Range 37–79 

Sex   

Male 19 56 

Female 15 44 

WHO performance status   

0 9 26.5 

1 19 55.9 

2 6 17.6 

Primary tumor types   

Non-small cell lung carcinoma 21 61.8 

Small-cell lung carcinoma 3 8.8 

Colon cancer 4 11.8 

Rectal cancer 2 5.9 

Malignant mesothelioma 1 2.9 

Ethmoidal cancer 1 2.9 

Tongue base cancer 1 2.9 

Testicular teratoma 1 2.9 

Stages   

Stage I 0 0 

Stage II 0 0 

Stage III 7 20.6 

Stage IV 27 79.4 

Refractory to first line therapy 34 100 

Abbreviations: WHO—World Health Organization; SD—Standard Deviation. 

  



Nutrients 2015, 7 4985 

 

 

Table 3. Treatment-Emergent Clinically Significant Adverse Events (AEs) by Preferred Terms. 

Preferred Terms 
Grades 1–2 Grades 3–4 Any Grade 

No. % No. % No. % 

Alopecia 2 6 0 0 2 6 

Anorexia 3 9 0 0 3 9 

Anxiousness 0 0 1 3 1 3 

Arthralgia 2 6 0 0 2 6 

Chest pain 1 3 0 0 1 3 

Confusion 0 0 1 3 1 3 

Cramps in legs and/or finger 6 18 0 0 6 18 

Dyspnea 2 6 1 3 3 9 

ECG change 0 0 1 3 1 3 

Fatigue 16 47 2 6 18 53 

Garlic smell of breath 5 15 0 0 5 15 

Gastritis 1 3 0 0 1 3 

Hallucination 0 0 1 3 1 3 

Hot Flush 1 3 0 0 1 3 

Nausea 12 35 1 3 13 38 

Pain at infusion site 2 6 0 0 2 6 

Peripheral sensory and motor neuropathy 1 3 0 0 1 3 

Pressure on thorax 0 0 1 3 1 3 

Pruritus legs 1 3 0 0 1 3 

Stomach pain 1 3 0 0 1 3 

Stomach swelling 1 3 0 0 1 3 

Thrombopenia 1 3 0 0 1 3 

Unconsciousness 0 0 1 3 1 3 

Vertigo 1 3 0 0 1 3 

Vomiting 7 21 0 0 7 21 

Note: Adverse events of grade ≥ 3 were only observed at dose ≥ 12.8 mg/m2. 

The reasons to stop treatment in the four patients with selenite-induced DLT was confusion and 

hallucinations after four treatments in one patient at dose-level 15.3 mg/m2 due to possible interaction 

with a SSRI antidepressant drug (Mirtazapin); excessive fatigue and emesis after two treatments in another 

at the same dose-level; chest pain, anxiousness with signs of heart hypoxia on ECG and marginally 

increased Troponin T (but no myocardial infarction and normalized ECG within four days) in one 

patient; and unconsciousness, dyspnea and pronounced hypoxia with need of assisted breathing in the 

other, both at dose level 12.8 mg/m2 (Table 3). At higher doses, cramps of short duration in fingers and 

calves (similar to night cramps of the legs) and pain in the tumor were common. Garlic smell of breath 

was found in 15% of patients treated at dose levels of 3 mg/m2 and above. All toxicities except fatigue, 

a very subjective symptom, were reversible within one or two days. We did not observe any sequelae. 

There was no or very limited effect on routine blood tests (Figure 2). In a few patients above dose-level 

6.8 mg/m2, a mild thrombocytopenia (TC count not below 80,000/mL) was found. Clinically most of the 

patients were euthyroid during the whole follow up period except in few patients with aberrant 

triiodthyronin and thyroxin values. 
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Figure 2. Routine blood parameters in patients during the course of the treatment as a measure 

of systemic toxicity. Abbreviations: WBC—white blood cell count; TC—thrombocytes 

count; AST—aspartate amino transferase; ALT—alanine amino transferase; ALP—alkaline 

phosphatase; and LDH—lactate dehydrogenase. 155 × 131mm (300 × 300 DPI). 

 

Figure 3. Cont. 
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Figure 3. (A) Plasma selenium concentration in different cohorts receiving increasing 

concentration of sodium selenite during the first two-weeks of treatment. (B) Plasma selenium 

concentration–time curve in Patient 9. The daily dose (1.5 mg/m2) was given as a 20 min 

constant rate infusion. Start of infusions is indicated by the vertical lines. Measured serum 

concentrations are given by the filled circles. (C,D) Systemic selenium exposure is expressed 

as area under the serum concentration–time curve (µM*h). Figure 3C shows data from a single 

dose of selenite and data from the entire treatment period are presented in Figure 3D.  

(E,F) Figure 3E represent maximum concentration of selenium after a single dose of selenite. 

Maximum concentration of selenium during the entire treatment period is presented in  

Figure 3F. (G) Elimination half-life of selenium at different doses. In all the figures, filled 

circles indicate data from 20 min infusions and open circles data from 40 min infusions. 

Abbreviations: BI—before injection; AI—after injection; AUC—area under curve; and 

Cmax—maximum concentration 162 × 253mm (300 × 300 DPI). 

3.3. Pharmacokinetics 

The pharmacokinetic modeling was successful for data from all patients receiving all or most of the 

treatment. In eight patients who stopped early and in one patient who tested positive for HIV, there were 

no or not enough data to calculate any pharmacokinetic values. There was a close correlation between 

observed and predicted selenium concentration (correlation coefficient, r = 0.94 ± 0.05; mean ± standard 
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deviation). The result from the pharmacokinetic curve fitting procedure using data from one patient is 

given in Figure 3B. There was a linear increase of AUC with the dose both for data estimated for a single 

dose of selenium (given by the output from the used pharmacokinetic curve fitting program) and for repeated 

administration (Figure 3C,D). The maximum plasma concentration (Cmax) from a single dose of selenium 

increased with the dose in a non-linear pattern (Figure 3E). In contrast, there was a linear increase of 

observed Cmax of selenium during the entire study period with the total dose (Figure 3F). The median 

elimination half-life was 18.25 h (range 10.4–46.6 h) (Figure 3G). 

3.4. Clinical Assessment 

The antitumor effect was a secondary endpoint. Any antitumor effect described herein should be 

interpreted with precaution due inherent uncertainty associated with the limited number of patients on 

each dose level. Tumor size (RECIST) was evaluated before and after the selenite treatment and following 

subsequent chemotherapy treatment. The results from these measurements are presented in the waterfall 

plot (Figure 4A), suggesting no consistent effect of selenite treatment on the tumor volume. None of the 

patients had a complete or partial response immediately after respective treatments but 13 patients had 

a stable disease after selenite treatment and 16 patients after subsequent chemotherapy. Patient 4, who 

received a stent in the trachea and main bronchus to get relieved from the risk of compression-associated 

breathing difficulties a week before starting selenite treatment, had a stable disease with gradually improved 

response during the following six months. The tumor was undetectable half a year later as revealed by 

CT and a PET-CT examination. She is still alive without any recurrent tumor for more than six years.  

In six of the last patients included, a PET-CT examination with [18F]-2-fluoro-2-deoxy-D-glucose 

(FDG) was performed before and at the end of the selenite treatment. In one of these patients with 

testicular teratoma, SUVmax (Standardized Uptake Value for deoxyglucose in the tumor) increased after 

selenite treatment, indicating tumor-progression. In two patients (one with colon cancer and another with 

malignant mesothelioma) there were no changes. In three patients receiving 15.3 mg/m2, there were 

indications of a decreased uptake, albeit with some decreased uptake in the normal tissues in two of them. 

One patient with ethmoidal cancer (receiving 15.3 mg/m2), there was a clear decrease in SUVmax, 

indicating a prominent decrease in liver metastasis burden (Figure 4B). In general, we also found out 

that change in plasma M65 (a measure of intact and caspase-cleaved cytokeratin 18) values from baseline 

was significantly lower in patients with stable disease following selenite treatment (Supplementary  

Figure S2). 

In one patient with pleuritis, it was possible to address the modulatory effects of selenite treatment 

on the response of subsequent chemotherapy ex vivo following isolation of primary tumor cells from  

the pleura exudate. This was done before and after the selenite treatment. The cells were treated with 

carboplatin or gemcitabine and their combination ex vivo. The tumor cells were more sensitive to the 

combined carboplatin and gemcitabine treatment after the selenite treatment (Figure 4C). This patient 

had clinically and radiological determined tumor progression during the selenite treatment but regression 

when he was later treated with carboplatin and gemcitabine in combination. 

Incidences of chemotherapy-induced toxicity were higher in 100% patients given less than 3 mg/m2 

selenite in comparison to first line of treatment with the same drug(s) (supplementary Table S1). 

Therefore, it was registered as a need to decrease doses, prolong intervals between courses or to stop 



Nutrients 2015, 7 4989 

 

 

chemotherapy altogether. However, chemotherapy-induced toxicity was higher in only 46% of the 

patients when given above 3 mg/m2 doses of selenite. 

 

Figure 4. (A) Waterfall plot showing tumor response following selenite treatment (top panel) 

and subsequent administration of chemotherapeutic drugs (bottom panel). In the waterfall 

plot, a positive value indicates increase in tumor volume and vice versa. (B) Anterior-posterior 

Maximum Intensity Projection (MIP) PET images of a 48 year old man with multiple metastases 

from a carcinoma of the left sinus ethmoidalis, acquired 60 min after iv administration of 

[18F]-2-fluoro-2-deoxy-D-glucose (FDG) (4 MBq/kg body weight); left panel, baseline 

examination; and right panel, examination after 17 days following stopping his selenite 

treatment (three treatments with 28.2 mg selenite a day). A few hours after the first treatment, 

his primary tumor, localized behind his left eye, started to swell, producing a massive 

increase of his earlier modest exophthalmos. However, it returned to the earlier status after 

1–2 days. This examination shows a general decrease of the FDG-uptake of the metastases, 

most evident in a large metastasis of the left liver lobe (arrow). (C) Toxicity of single or 

combined exposure of carboplatin and gemcitabine for 48 h to cells collected from pleural 

exudates from a patient. Fraction 1 indicates before selenite treatment and Fraction 2 

indicates after selenite treatment. Data are presented as mean ± S.D. 160 × 143 mm  

(300 × 300 DPI). 
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4. Discussion 

Selenium is known to be an essential micronutrient that can also elicit toxic effects in high concentrations. 

In this study, we report the first-in-human phase I trial to determine the MTD of iv administered sodium 

selenite in terminal cancer patients. One of the major aims of this study was to establish the safe dose 

level of selenite treatment. Sodium selenite was well tolerated in these patients at doses up to 10.2 mg/m2, 

therefore defined as MTD. At this dose and below, there were limited incidences of adverse events. Our 

observation was similar to what has been described earlier for selenite toxicity, mainly nausea, vomiting 

and fatigue—side effects that could be dose-limiting in spite of antiemetic treatment. The most 

significant adverse effects were heart toxicity with signs of ischemia, confusion, unconsciousness and 

impoverished breathing at dose level beyond MTD. Heart toxicity and breathing problems may be 

associated with negative impact of high dose of selenite on muscle contractility as had been earlier 

reported in perfused ex vivo heart and smooth muscles of rat and rabbit [25]. The dose limiting toxicity 

appeared some hours after selenium infusion, of short duration, not more than up to 6–8 h without any 

persisting toxicity or sequelae. Routine blood sample analyses indicated limited side-effects, transient in 

nature, if observed any. Notably, no bone marrow toxicity was evident.  

The pharmacokinetic data suggested linear increase in plasma selenium concentration with respect  

to total dose. However, the highest peak concentration reached a plateau at dose level ≥10.2 mg/m2. 

Notably, variable infusion time at these dose levels provided a window for plasma clearance and thereby 

precluded any direct comparison. In one patient (dose level 12.3 mg/m2), the renal clearance was 46% 

of the total selenium dose administered, suggesting important role of kidney in excretion of selenium 

from selenite. At the end of study termination, the plasma selenium concentration returned to the baseline 

levels, indicating no apparent adverse effects of high dose of repeated selenite administration on 

physiological selenium homeostasis.  

Selenite by itself was efficient in targeting certain tumors. However, a more pronounced effect was 

seen following subsequent chemotherapy in a subset of patients. From a clinical point of view, it is also 

known that single or combined use of cytostatic drugs might invoke tumor responses in certain patients 

after a time laps, although such phenomena are not common enough to justify repeated treatment with 

first line of treatment. Interestingly, many of the patients in our study responded again to their first line 

of chemotherapy, following which 13 patients were considered to have symptomatic benefit of the 

treatment. These in vivo effects corroborated well with the findings of the ex vivo study which 

demonstrated increased sensitivity towards identical chemotherapeutic drugs to patient-derived primary 

tumor cells. A recent study reported that selenite pre-treatment prevented the induction of carboplatin 

resistance in vivo in a nude mice model [26]. These results were in support of our findings and indicated 

that even if selenite in itself might be clinically useful in a subset of cancer patients; its subsequent use 

with chemotherapy might be therapeutically valuable.  

Efficacy results of selenite treatment should be interpreted with caution because of the small number 

of patients enrolled and overall survival data included the effect of subsequent chemotherapy. Evidence 

for clinical benefits was observed following selenite treatment as reflected by stable disease in 38% 

patients. This group of patients had relatively stable plasma level of M65, reflecting what had been found 

out earlier in testicular cancer following chemotherapy [27]. However, it is important to note that these 

observations do not demonstrate favorable effects of selenite on overall survival with a limited number 
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of patients. Albeit, it indicates that treatment with selenite and subsequent chemotherapy did not have a 

negative impact on survival. Two patients are still alive after six (CR) and one years, respectively. 

Besides, the median survival after the selenite treatment was 6.5 months, which might be considered a 

fairly long time in this group of treatment resistant, advanced tumors. Considering the advanced disease 

status and acquired resistance to the conventional chemotherapeutic treatments prior study enrollment 

in all patients, objective responses and stable disease in many patients are quite encouraging. 

In general, tumor cells harbor high basal level of reactive oxygen species (ROS), associated with 

adaptive response to increased metabolic need for uninterrupted growth [3]. Our hypothesis was to treat 

cancer patients using high dose of selenite implicated in ROS generation within the margin of appreciable 

therapeutic index. Our data showed that certain tumors were selenite-resistant. The differences in tumor 

response to selenite treatment perhaps attributed to inter-tumor heterogeneity and their microenvironment 

that regulate selenium uptake at the target tissue. Context wise, the roles of reducing extracellular redox 

milieu and expression of cystine-glutamate antiporter xCT [24] (facilitate selenium uptake from selenite) 

in tumor tissues warrant further investigation as major determinants of successful chemotherapeutic 

application of selenite. One of the major limitations of the present study was the absence of any quantitative 

measure of selenium loading into the tumor. A significant number of patients (70%) had lung carcinoma 

that precluded the possibility of obtaining tumor biopsies without significant risks. It is also unclear 

whether the duration of infusion was sufficient enough to obtain maximal antitumor effect, given that 

the plasma half-life of selenite was relatively short. A steady-state plasma concentration of sufficient duration 

might be necessary to achieve efficient chemotherapeutic effects. While addressing this, we found out 

that a human lung cancer cell line is highly sensitive to selenite when exposed to low concentration for 

longer period of time, with concomitant low selenium accumulation and vice versa (see supplementary 

data, Figure S1). Thus, we plan to proceed with another phase I study of prolonged selenite infusion to 

determine MTD and clinical effects to find an optimal treatment schedule. 

5. Conclusions  

In conclusion, selenite might represent an interesting cancer therapeutic for the treatment of some 

tumors and might also be an efficient complement for cytostatic regimes. Our results defining MTD, 

safety, pharmacokinetics and clinical presentation provide essential information for further effect 

evaluating studies of selenite in the treatment of cancer. The findings from the study also indicate that 

selenite might work in the three ways as mentioned earlier—by itself, in combination with chemotherapy 

and as a remedy against chemotherapy toxicity. However, further studies are needed to define if it might 

be of value in the clinic and also which individual therapeutic aspect might represents the best therapeutic 

approach. But first, further studies are needed to find the optimal treatment schedule. 

Acknowledgments 

This study was a solely academic phase I trial without any financial support from the industry.  

We thank Cancerfonden (The Swedish Cancer Society), Cancer-och Allergifonden, Stockholm County 

Council (ALF), Stichting AF Jochnick Foundation and Radiumhemmets Forskningsfonder for grant 

support financing the study. 



Nutrients 2015, 7 4992 

 

 

Intro-Selen i.v. is a product of Pharma Nord ApS, Denmark, originally developed for other purposes 

than intended use for this study. We are grateful to Pharma Nord ApS for generously providing the 

pharmaceutical specialty Intro-Selen i.v. and all necessary product and quality information required for 

this study. We would also like to thank all the patients and their families whose direct or indirect 

participation made this trial possible.  

C.A.H. is employed by the Swedish Medical Products Agency (MPA). The data or wording in this 

paper is not officially endorsed by or does not reflect the opinion of MPA. 

Author Contributions 

O.B.—planning and performing the clinical part of the study as sponsor and principal investigator, 

and participating in evaluation and writing the manuscript; S.E.—performing pharmacokinetic analyses; 

M.W.—ex vivo studies and evaluation of results; C.A.H.—planning of the study; E.H.L.—measurement 

of selenium in plasma samples; D.M.—evaluation of the CT-scans;C.L.H.—performing parts of the 

study; H.J.—evaluation of PET CT-scans; S.L.—analysis of cytokeratin 18 in plasma; S.M.—in vitro 

studies, evaluation and presentation of results and participation in writing manuscript; and M.B.—leader 

of the research group and planning of the study and participating in evaluation and writing manuscript.  

Conflicts of Interest 

Pharma Nord Aps generously provided Intro-Selen i.v. along with all necessary documentation but 

did not provide any direct financial support or funding. There were no financial or other connections 

between the study group and Pharma Nord Aps during any part of the trial, from planning to manuscript 

drafting that could in any way influence the outcome of the independent academic trial presented in this 

manuscript. A patent application has been filed for the use of inorganic liquid selenium in cancer 

treatment, with the last author Mikael Björnstedt as an inventor. 

References 

1. Yan, L.; Spallholz, J.E. Generation of reactive oxygen species from the reaction of selenium 

compounds with thiols and mammary tumor cells. Biochem. Pharmacol. 1993, 45, 429–437. 

2. Gorrini, C.; Harris, I.S.; Mak, T.W. Modulation of oxidative stress as an anticancer strategy.  

Nat. Rev. Drug Discov. 2013, 12, 931–947. 

3. Trachootham, D.; Alexandre, J.; Huang, P. Targeting cancer cells by ros-mediated mechanisms:  

A radical therapeutic approach? Nat. Rev. Drug. Discov. 2009, 8, 579–591. 

4. Luo, H.; Yang, Y.; Huang, F.; Li, F.; Jiang, Q.; Shi, K.; Xu, C. Selenite induces apoptosis in colorectal 

cancer cells via akt-mediated inhibition of β-catenin survival axis. Cancer Lett. 2012, 315, 78–85. 

5. Jiang, Q.; Wang, Y.; Li, T.; Shi, K.; Li, Z.; Ma, Y.; Li, F.; Luo, H.; Yang, Y.; Xu, C. Heat shock 

protein 90–mediated inactivation of nuclear factor-κb switches autophagy to apoptosis through 

becn1 transcriptional inhibition in selenite-induced nb4 cells. Mol. Biol. Cell 2011, 22, 1167–1180. 

6. Hoefig, C.S.; Renko, K.; Köhrle, J.; Birringer, M.; Schomburg, L. Comparison of different 

selenocompounds with respect to nutritional value vs. Toxicity using liver cells in culture.  

J. Nutr. Biochem. 2011, 22, 945–955. 



Nutrients 2015, 7 4993 

 

 

7. Wallenberg, M.; Misra, S.; Wasik, A.M.; Marzano, C.; Bjornstedt, M.; Gandin, V.; Fernandes, A.P. 

Selenium induces a multi-targeted cell death process in addition to ros formation. J. Cell Mol. Med. 

2014, 18, 671–684. 

8. Fico, M.E.; Poirier, K.A.; Watrach, A.M.; Watrach, M.A.; Milner, J.A. Differential effects of 

selenium on normal and neoplastic canine mammary cells. Cancer Res. 1986, 46, 3384–3388. 

9. Watrach, A.M.; Milner, J.A.; Watrach, M.A.; Poirier, K.A. Inhibition of human breast cancer cells 

by selenium. Cancer Lett. 1984, 25, 41–47. 

10. Nilsonne, G.; Sun, X.; Nystrom, C.; Rundlof, A.K.; Fernandes, A.P.; Bjornstedt, M.; Dobra, K. 

Selenite induces apoptosis in sarcomatoid malignant mesothelioma cells through oxidative stress. 

Free Radical. Biol. Med. 2006, 41, 874–885. 

11. Caffrey, P.B.; Frenkel, G.D. The development of drug resistance by tumor cells in vitro is 

accompanied by the development of sensitivity to selenite. Cancer Lett. 1994, 81, 59–65. 

12. Caffrey, P.B.; Frenkel, G.D. Selenite cytotoxicity in drug resistant and non-resistant human ovarian 

tumor cells. Cancer Res. 1992, 52, 4812–4816. 

13. Björkhem-Bergman, L.; Jönsson, K.; Eriksson, L.C.; Olsson, J.M.; Lehmann, S.; Paul, C.; 

Björnstedt, M. Drug-resistant human lung cancer cells are more sensitive to selenium cytotoxicity. 

Effects on thioredoxin reductase and glutathione reductase. Biochem. Pharmacol. 2002, 63, 1875–1884. 

14. Caffrey, P.B.; Frenkel, G.D. Sensitivity of melphalan-resistant tumors to selenite in vivo. Cancer 

Lett. 1997, 121, 177–180. 

15. Milner, J.A. Effect of selenium on virally induced and transplantable tumor models. Fed. Proc. 

1985, 44, 2568–2572. 

16. Ip, C.; Medina, D. Current concepts of selenium and mammary tumorigenesis. In Cellular and 

Molecular Biology of Mammary Cancer; Medina, D., Kidwell, W., Heppner, G., Anderson, E., Eds.; 

Springer US: New York, NY, USA, 1987; pp. 479–494. 

17. Milner, J.A. Selenium and the transplantable tumor. J. Agric. Food Chem. 1984, 32, 436–442. 

18. Novoselov, S.V.; Calvisi, D.F.; Labunskyy, V.M.; Factor, V.M.; Carlson, B.A.; Fomenko, D.E.; 

Moustafa, M.E.; Hatfield, D.L.; Gladyshev, V.N. Selenoprotein deficiency and high levels of 

selenium compounds can effectively inhibit hepatocarcinogenesis in transgenic mice. Oncogene 

2005, 24, 8003–8011. 

19. Watson-Williams, E. A preliminary note on the treatment of inoperable carcinoma with selenium. 

Br. Med. J. 1919, 2, 463–464. 

20. Todd, A.T. The selenide treatment of cancer. Br. J. Surg. 1934, 21, 619–631. 

21. Manzanares, W.; Biestro, A.; Torre, M.H.; Galusso, F.; Facchin, G.; Hardy, G. High-dose selenium 

reduces ventilator-associated pneumonia and illness severity in critically ill patients with systemic 

inflammation. Intensive Care Med. 2011, 37, 1120–1127. 

22. Forceville, X.; Laviolle, B.; Annane, D.; Vitoux, D.; Bleichner, G.; Korach, J.M.; Cantais, E.; 

Georges, H.; Soubirou, J.L.; Combes, A.; et al. Effects of high doses of selenium, as sodium selenite, 

in septic shock: A placebo-controlled, randomized, double-blind, phase ii study. Crit Care 2007, 

11, R73. 

23. Mosteller, R.D. Simplified calculation of body-surface area. N. Engl. J. Med. 1987, 317, 1098. 



Nutrients 2015, 7 4994 

 

 

24. Olm, E.; Fernandes, A.P.; Hebert, C.; Rundlöf, A.-K.; Larsen, E.H.; Danielsson, O.; Björnstedt, M. 

Extracellular thiol-assisted selenium uptake dependent on the xc
− cystine transporter explains the 

cancer-specific cytotoxicity of selenite. Proc. Natl. Acad. Sci. USA 2009, 106, 11400–11405. 

25. Turan, B.; Koc, E.; Hotomaroglu, O.; Kiziltan, E.; Yildirim, S.; Demirel, E. Tissue and 

concentration-dependent effects of sodium selenite on muscle contraction. Biol. Trace Elem. Res. 

1998, 62, 265–280. 

26. Caffrey, P.B.; Frenkel, G.D. Prevention of carboplatin-induced resistance in human ovarian tumor 

xenografts by selenite. Anticancer Res. 2013, 33, 4249–4254. 

27. De Haas, E.C.; di Pietro, A.; Simpson, K.L.; Meijer, C.; Suurmeijer, A.J.H.; Lancashire, L.J.; 

Cummings, J.; de Jong, S.; de Vries, E.G.E.; Dive, C.; et al. Clinical evaluation of m30 and m65 

elisa cell death assays as circulating biomarkers in a drug-sensitive tumor, testicular cancer. 

Neoplasia 2008, 10, 1041–1048. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


