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around 4 hours post-infusion (5). Pharmacokinetics can 
vary considerably from person to person; therefore in 
order to obtain optimal therapeutic effect, plasma levels 
for individuals might need to be measured (15). People 
with a higher tumour burden may require a higher dose 
to achieve plasma levels of the same magnitude as those 
with a smaller tumour burden (15). Vitamin C blood 
levels in people with cancer, and in particular with 
advanced disease, may be lower than in healthy 
individuals (16). Cancer increases oxidative stress and 
inflammation in the body, which increases ascorbate 
utilization due to its antioxidant properties (16).  
 
 
Tumor ascorbate levels increase following 
administration of IVC (17). In patients with colon 
cancer, treatment with IVC for 4 days (25g day 1, up to 
1g/kg to a maximum of 75g days 2-4) raised tumor 
ascorbate from 15 ± 6 to 28 ± 6mg/100g tissue. ).  
 
Pharmacologic concentrations (0.3 to 20 mM) of 
vitamin C are cleared within hours by renal filtration and 
excretion (4). IVC exhibits first order elimination 
kinetics (18), and has an elimination half-life between 
30-120 minutes (7, 18, 19). In one trial, 80% of the 
administered doses of IVC had been filtered by the 
kidneys in the 6 hours following infusion (20).  Thus, 
plasma vitamin C concentrations are not maintained in 
the cytotoxic range for long with bolus IV infusion.  
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for duration of hospital stay was large but not 
statistically significant
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Results from clinical trials of IVC on quality of life are 
mixed, with two studies finding improvement in QoL (8, 
34), two finding no change (12, 13) and one study 
finding significant but small improvements, which may 
not be clinically meaningful (47). One clinical trial 
reported reduced treatment toxicity with the addition of 
IVC (48). Results from three observational trials 
demonstrated 
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weeks, alongside usual 
care (chemotherapy in 
most cases) 
 
Cytokines in 8 healthy 
volunteers were evaluated 
for comparison 

several inflammatory and 
angiogenesis promoting cytokines 
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on randomization (3 
groups of 5 people) 

insomnia, appetite, diarrhea, and 
financial problems (p<0.05). On 
function subscale only physical 
function improved significantly. 
 
Note: IVC and mEHT were both 
experimental interventions, results 
cannot be attributed to IVC  
  

Stephenson, 
2013 (7) 

Phase I PK 
study 

17 patients with 
advanced solid tumors 
who had not responded to 
standard therapy 

IVC dose escalation 
protocol, 5 cohorts: 30, 
50, 70, 90, 110 g/m2  
Treatment administered 
4x/week for 4 weeks at 
each dosage level.  All 
patients received a 
multivitamin and EPA 
(2000mg) 

None  Safety, tolerability, and 
PK of IVC, QoL 
(EORTC QLQ-C30) 

Half-life: 2.0 + 0.6 h 
Cmax and AUC increased 
proportionately with dose, but reached 
maximum at 70 g/m2 (Cmax 49mM, 
AUC 219 h mM).  
 
No objective tumor responses 
observed 
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Simmons 
2020 (59) 

Phase II, single 
arm trial with 
matched 
historical 
controls 
 
*Interim 
analysis, no full 
text available 

40 patients including 19 
with acute myeloid 
leukemia, 11 with acute 
lymphocytic leukemia, 
and 10 with chronic 
myeloid leukemia or 
myelodysplastic 
syndrome. All underwent 
Hematopoietic stem-cell 
transplantation.  

IVC administered on days 
1-14 post-transplant at a 
dose of 50mg/kg, then 
oral vitamin C at a dose of 
500mg 2x/day from day 
15 post-transplant to 6 
months. 

Standard care (not 
described) post 
hematopoietic stem cell 
transplant 

Primary outcome: 
Transplant mortality at 1 
year, 
Secondary outcomes: 
serum ascorbic acid 
levels, neutrophil and 
platelet recovery, CD+3 
cell counts, rates of acute 
and chronic graft vs host 
disease (GVHD), toxicity 

All were deficient in vitamin C at day 
0, median AA level was 0.3 mg/dL 
(range: 0.1-0.5); post AA infusion 
level was normal at 1.6 (1.2-5.7) on 
day 14. 
 
Median neutrophil and platelet 
recovery was by 12 days (range: 9-15 
& 8-21 days respectively) 
 
No statistically significant difference 
was observed in transplant related 
mortality (AHR 0.6, 95% CI: 0.2-1.5; 
p-value = 0.27) relapse, (AHR 1.2, 
95% CI: 0.3-4.5; p-
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Low dose Intravenous Vitamin C 
 
Several studies have looked at low doses of IVC for 
people with cancer (Table 2). While there is no standard 
definition of low dose versus high dose IVC, in general 
low doses are those not expected to have a pro-oxidant 
or cytotoxic effect. The in vivo pro-oxidant 
concentration is thought to occur at plasma levels > 3-4 
mM depending on tumour cell type. Typically doses 
over 15g are required to achieve those plasma 
concentrations (16). Therefore, doses below 15g are 
included here as low dose IVC interventions.  
 
Several studies in hematological malignances have used 
low dose IVC combined with standard therapies. A 
small open-label, single arm study in 11 people with 
relapsed acute myeloid leukemia (AML) who were unfit 
for standard induction chemotherapy were given IV 
arsenic trioxide and 1g IVC for 5 days/week for 5 weeks.  
The treatment was well tolerated, but overall the results 
were not promising enough to recommend further study 
of this combination (57).  Another study in AML 
enrolled elderly patients (> 60 years) with newly 
diagnosed AML who were either unfit for or refused 
intensive chemotherapy. Patients were randomized to 
receive decitabine-based chemotherapy alone, or 
decitabine-based chemotherapy plus low dose IVC at 
50-80mg/kg/day (58). Treatment was continued until 
disease progression or unacceptable toxicity. This study 
found that the complete response (CR) rate after one and 
two induction cycles was higher in the IVC arm (79% vs 
44%, P = 0.004 and 84.6% vs 70.6%, P = 0.148), and at 
a median follow up of 13.8 months the IVC arm had 
better median OS (15.3 vs. 9.3months, HR 0.47, P = 
0.039).  The OS at 3 years in the IVC group was 28.6% 
and 12.5% in control group (p <0.001). There was no 
significant difference in adverse events between groups.  
This same study did an in vitro analysis that found that 
decitabine in combination with low-dose vitamin C has 
a 
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had no change, and 2/11 had worsening pain.  Median 
response was a 55% reduction in pain. The second 
retrospective study assessed a cohort of patients who 
received 2.5g IVC during periods of increased pain, to 
evaluate effect on pain, performance status, and survival 
in patients with bone metastases unresponsive to 
radiotherapy (66). Thirty-nine patients were enrolled; 15 
received chemotherapy, 15 IVC, and 9 were untreated 
controls. IVC was administered only during periods of 
intensifying pain. Performance status improved in 27% 
of patients in the IVC group compared to 7% in the 
chemotherapy group and 0% in the control group. There 
was a median pain reduction of 50% with use of IVC. 
Median survival was 10 months in the IVC group 
compared to 2 months in the chemotherapy and control 
groups (p < 0.001 and p= 0.002 respectively).  
 
A retrospective cohort study evaluated the impact of low 
dose IVC on survival in patients with hepatocellular 
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dizziness, injection site discomfort (peripheral 
insertion), phlebitis. 
 
Rare (<4%):   Abdominal cramping, facial flushing, 
vomiting, kidney stone, lower urinary tract symptoms, 
hypokalemia, hypernatremia, insomnia, abnormal urine 
colour, loss of appetite, chills, hyperglycemia, tumour 
fever, pedal edema, perspiration, worsening edema or 
ascites, allergic reaction. 
 
Rare but serious (1-4%): Hemolysis (only if G6PD 
deficient), renal failure (only observed in those with pre-
existing renal impairment). 
  
Many of these side effects may be attributed to the 
infusion of a high osmolarity solution. Further, many of 
these reactions appear to be mitigated by drinking fluids 
before and during treatments (10, 33, 69).  
 

Interactions with cancer treatments and 
other medications 
 
Chemotherapy and radiation therapy: 
Animal and cell-line studies suggest a synergistic effect 
when some chemotherapeutic agents are combined with 
pharmacologic doses of vitamin C. Chemotherapy 
agents with evidence of such synergy  include: 
gemcitabine (72), carboplatin (73), cisplatin (2, 74, 75), 
etoposide (2), 5-fluorouracil (2, 74, 76), epirubicin (76), 
doxorubicin (2, 43, 75), paclitaxel (2, 75), docetaxel 
(76), and irinotecan (76). In these studies, the 
combination of IVC plus chemotherapy was related to 
increased tumour inhibition and decreased tumour 
growth rate as compared to either IVC or chemotherapy 
alone. 
 
Human studies have used IVC alongside a variety of 
chemotherapy agents including gemcitabine, erlotinib, 
carboplatin, paclitaxel, rituximab, cyclophosphamide, 
cytarabine, etoposide, dexamethasone, temozolomide, 
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