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PEER-REVIEWED ARTICLE

Intravenous Vitamin C in Cancer:  
A Brief Overview of Its Use and Considerations
By Michael Traub, ND, DHANP, FABNO, Paul S. Anderson, ND 

ABSTRACT
New information has become available about the clinical 
use of intravenous vitamin C in recent years, particularly in 
its application in cancer. However, great variability in prac-
tice persists, reflecting a lack of knowledge of how this 
treatment should be most safely and effectively employed. 
This article reviews the forms of nutrients that best balance 
changes in blood chemistry inherent in this therapy and 
the appropriate use of B vitamins and glutathione. 

INTRODUCTION
Intravenous vitamin C (IVC) is quite different physiologically 
than the oral form of the vitamin. Plasma values of intrave-
nous vitamin C can reach more than 25 mmol/L versus the 
plasma limit of 250 µmol/L for orally ingested vitamin C.1 
Therefore, IVC infusions have unique clinical applications, 
including the use of high doses as a therapeutic tool in cancer 
care.2 Many clinical trials have been done or are currently 
being done assessing the use of IVC in cancer care. 3–7 Such 
research into the biochemistry and application of this clinical 
tool is leading to a better understanding of best practices in 
implementing IVC in cancer care.

IVC has at least 2 diverse therapeutic applications, one 
derived from high doses of vitamin C, the other from lower 
doses. Both uses may be clinically helpful over a wide range 
of applications. This apparent therapeutic dichotomy exists 
because at lower doses, IVC acts as a cell-support and anti-
oxidant supplement, whereas at higher doses it acts as an 
oxidative pro-drug.8 While there is no concrete definition of 
high-dose versus low-dose vitamin C, the general consensus 
among practitioners is that high-dose intravenous vitamin 
C (HDIVC) is greater than 10 g/infusion and low-dose 
intravenous vitamin C (LDIVC) is less than 10 g/infu-
sion. HDIVC is being researched as a possible adjunct in 
cancer care and anti-infective protocols.9 HDIVC protocols 
are purely oxidative and contain only minerals needed to 
specifically balance electrolytes. Because HDIVC is meant 
to be oxidative, glutathione and supplements that increase 

glutathione (eg, n-acetyl cysteine) should not be given on 
the same day, lest the oxidative capacity be lowered.10  There 
is also in vitro research suggesting that other antioxidants, 
such as quercetin, curcumin, and melatonin, may interfere 
with the oxidative capacity of vitamin C, although this has 
not been demonstrated in animal models or humans.11 

LOW-DOSE INTRAVENOUS VITAMIN C
Many protocols exist for the use of LDIVC. This is commonly 
referred to as a Myers’ cocktail, and the ordering physician 
can create a combination of nutrients specific to the patient’s 
condition and needs. While it can be used in the context 
of complementing conventional cancer treatment, LDIVC 
is also used for other conditions such as headaches, muscle 
spasms, arrhythmia, and anxiety, to name a few. A thorough 
review of LDIVC is beyond the scope of this article, but it 
should be noted that the use of LDIVC is generally consid-
ered safe.

When IVC is given at low doses, there is little risk to the 
patient other than the risks inherent in the delivery of any IV 
solution. Namely, there is some risk of infection at the access 
site as well as risk of fluid overload if too much volume is 
delivered too quickly or if the kidneys are impaired. LDIVC 
can be delivered in iso-osmolar concentrations, creating little 
disturbance in fluid or electrolyte balance. Some LDIVC is 
given in hyperosmolar concentrations and as such can have 
a dehydrating effect in the patient largely due to the short-
term sodium load that has to be excreted following the IV.

If employing HDIVC, there are a few compounding and 
administration points to consider that are not an issue with 
a lower-dose IVC. These include optimum electrolyte addi-
tions and separation of B vitamins and glutathione from the 
oxidative HDIVC treatment.

BALANCING BLOOD CHEMISTRY
Data from the Bastyr Integrative Oncology Research 
Center (BIORC) led to the use of chloride salts of potas-
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sium, magnesium, and calcium in HDIVC formulas (P. 
Anderson, ND, unpublished data, February 2012). The 
additional minerals have been calculated and adjusted to 
decrease any blood chemistry changes inherent in HDIVC 
infusions for cancer and were derived through pre- and post-
IVC blood chemistry analysis at BIORC (P. Anderson, ND, 
and L. Standish, ND, unpublished data, 2012). The chlo-
ride form of the mineral additive is critical to this balance 
to compensate for electrolyte shift concerns with HDIVC. 
These concerns are hypocalcemia (ascorbate is a weak 
calcium chelator), hypokalemia, hypernatremia (IVC carries 
sodium hydroxide as a buffer: 25 g of IVC contains 2,750 
mg of sodium—in our research at BIORC, this included all 
preparations of 500 mg/mL ascorbic acid from any source) 
and hypochloremia (high sodium causes a downward shift 
in chloride). Most of the published trials on HDIVC and 
cancer come from the work of Jeanne Drisko at the Univer-
sity of Kansas Medical Center. Drisko’s group used vitamin 
C with magnesium sulfate and now uses magnesium chlo-
ride. The BIORC data led to replacing sulfate with chloride 
and also adding calcium chloride and potassium chloride. 
Of note is the fact that the BIORC data were derived from 
the first trial using pre- and post-HDIVC blood chemistry 
analysis to set the baseline chemistry shifts with the IVC-mg 
formula, and then the same chemistry analysis was used to 
derive the new formulas in human subjects. The BIORC 
formula for an infusion of 25 g of IVC is displayed in Table 
1, and the BIORC formula for an infusion of 50 g of IVC is 
displayed in Table 2.

Table 1
BIORC Formula for an Infusion of 25 g of Intravenous  
Vitamin C

Nutrient Concentration Amount 
added

Vitamin C 500 mg/mL 50 mL

Calcium chloride 100 mg/mL 1 mL

Magnesium 
chloride

200 mg/mL 2 mL

Potassium 
chloride

2 mEq 1 mL

Sterile water 500 mL

For a total volume of 554 mL and an osmolarity of 558 mOsm/L. 

Table 2
BIORC Formula for an Infusion of 50 g  
of Intravenous Vitamin C

Nutrient Concentration Amount 
Added

C-500 500 mg/mL 100 mL

Calcium chloride 100 mg/mL 3 mL

Potassium chloride  2 mEq 4 mL

Magnesium chloride  200 mg/mL 5 mL

Sterile Water 500 mL

For a total volume of 612 mL and an osmolarity of  
1,001 mOsm/L.

SEPARATION OF B VITAMINS AND 
GLUTATHIONE FROM THE OXIDATIVE IVC 
THERAPY
Pharmacologic ascorbic acid concentrations in tissue 
creates oxidation through the production of extracellular 
H

2
O

2
, which can diffuse into cells, deplete ATP in sensitive 

cells, and possibly cause cell death.12 While B vitamins and 
other antioxidants may be needed during cancer therapy to 
simply maintain repletion in a patient, they may decrease 
the oxidative effect of HDIVC if concurrently adminis-
tered.13 Assuming it is the oxidative effects of IVC that lead 
to cell death of cancerous cells, it stands to reason that the 
powerful antioxidative system that centers on glutathione 
may impair this effect as well. Indeed, one study in rodents 
confirms that HDIVC and glutathione (GSH) should not 
be administered on the same day. In that study, mice with 
pancreatic cancer xenografts were given intraperitoneal 
ascorbic acid (AA) at 4g/kg daily, which reduced tumor 
volume by 42%. However, addition of intraperitoneal 
GSH inhibited the AA-induced tumor volume reduction.14 

As mentioned, patients receiving HDIVC may need 
nutrient repletion with B vitamins, other nutrients and 
possibly even GSH for normal cells to remain replete. The 
reason for this assumption is that during the biochemical 
processing of high doses of intravenous ascorbate, the 
cycling of glutathione peroxidase and glutathione reduc-
tase (GSH-GSSG redox cycle) is increased. This increase 
in GSH-GSSG cycling utilizes NAD, FAD, selenium, 
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magnesium, and other nutrients.15 If repletion of these 
nutrients is to be done in intravenous form, the infu-
sion should be separated from HDIVC by at least 24 
hours to ensure that oxidative effects of the HDIVC are 
maximized. As an example, a patient at BIORC assessed 
through clinical and laboratory metrics who may require 
both IV strategies will often receive HDIVC on Monday 
and Wednesday and then a vitamin-mineral support IV 
on Thursday or Friday. Assessment of what is needed 
for each patient is being tracked in conjunction with an 
ongoing research protocol of IVC at BIORC, the details 
of which will be published at study end. 

CONSIDERATIONS OF IVC USAGE
In a yet unpublished review of safety and adverse events 
from the BIORC study, it is clear that most side effects 
or adverse events associated with HDIVC really relate to 
2 basic physiologic changes during IVC administration: 
dehydration and, less commonly, blood sugar changes. 
HDIVC causes dehydration (the only hydrating solutions 
given via IV route are isotonic or mildly hypotonic—
HDIVC is generally hypertonic, and all hypertonic solu-
tions dehydrate the patient), which can lead to bounding 
pulse, increased blood pressure, and headache. The reason 
for dehydration in hypertonic IV solutions is the tran-
sient increase in plasma osmolarity resulting in cellular 
dehydration. As the patient hydrates, the osmolarity 
shift between plasma and extracellular fluid equalizes 
and the cellular dehydration resolves. Clinicians should 
encourage patients to stay well hydrated before, during, 
and after the HDIVC and expect to urinate frequently 
during and after the course of each treatment. In patients 
with poor oral intake and preexisting nausea, we typically 
infuse 250 mL to 500 mL 0.45 or 0.9% saline before or 
after the HDIVC. Such preemptive hydration is gauged 
by standard safety precautions to avoid fluid overload in 
susceptible patients. HDIVC also has been reported to 
have the potential to induce pancreatic insulin release, 
which in some patients can cause hypoglycemic symp-
toms during the IV.16 In yet unpublished data from the 
BIORC blood chemistry study, a nonlinear and patient-
dependent response of blood sugar to HDIVC has been 
noted. This means that in some patients, the hypogly-
cemic reaction is nonexistent, and in some it can be 
profound. For this reason, it is suggested (and borne out 

by better comfort and outcome in the BIORC trial) that 
patients should eat before the HDIVC and have protein 
snacks during infusion. It is also important to remember 
that a finger stick glucometer will not be accurate during 
or for up to 8 hours following HDIVC (it will read facti-
tiously high because the glucometer will read the ascor-
bate as glucose), but serum or plasma drawn in the same 
time period and processed by common commercial lab 
methodology will have reliable glucose readings. 

CONTRAINDICATIONS TO IVC
As oxidation is possible when using moderate to high 
doses of IVC pre-testing for patient glucose-6-phosphate 
dehydrogenase enzyme (G6PD), deficiency is recom-
mended for all patients receiving IVC at either oxidative 
doses or repeated lower-dose IVC given frequently. While 
rare, deficiency of G6PD can lead to hemolytic anemia, 
which presents many hours after the infusion and can be 
fatal. Since IVC is given in volumes over 250 cc and often 
contains significant amounts of sodium due to sodium 
hydroxide buffer in solution, caution should be taken in 
patients who may be adversely affected by volume expan-
sion such as those with congestive heart failure and edema/
ascites. In a voluntary survey of practicing clinicians first 
published in 2006 and updated in 2008 by Padayatty and 
et al, adverse events included 59 patients reporting fatigue/
lethargy and 21 patients with mental status changes in the 
9,328 patients for whom data were available.17 There were 
also 2 fatalities in the survey; in one case, the patient had a 
G6PD enzyme deficiency and the other was receiving renal 
dialysis. Caution should be used in those with impaired 
kidney clearance as well as those with a history of calcium 
oxalate stones, as stone formation was also reported as a 
rare adverse event in the survey, and previous case reports 
of such reactions can be found in published literature.18–20 
Lastly, IVC acidifies urine so caution should be taken in 
cases where more acidic urine may lead to bladder damage 
(ie, chronic hemorrhagic cystitis) or increased toxicity of 
chemotherapeutics (ie, methotrexate). 

CONCLUSION
While there is much still to be learned about the optimal 
use of HDIVC in cancer therapy, ongoing research 
continues to elucidate its role in cancer care. Only prospec-
tive, randomized trials will give us the definitive informa-



tion needed to create practice guidelines. Until then, we must 
use the “best evidence” guidelines that are available to date. 
Ongoing research at BIORC (unpublished) suggests that the 
use of chloride salts of magnesium, calcium, and potassium 
is prudent to balance electrolytes in those receiving HDIVC. 
The research project is ongoing, and outcome data will be 
published at a later date. Until then, it is advisable to include 
the chloride forms of added minerals and to avoid glutathione 
and B vitamins on the day of HDIVC infusion.  

APPENDIX 1
References for IVC oxidative levels.21 A definitive level for the threshold 
of oxidation in intravenously (IV) administered ascorbate is unclear. 
Some research suggests lower levels than previously considered 
(5–10 g IVC) may cause oxidation and another disagrees.22–24  

APPENDIX 2
A “safe” recommendation for G6PD testing.22 Run G6PD/ hemo-
globinopathy screening on any person getting any single IVC over 
10–15 g.

REFERENCES
1 Levine M, Padayatty SJ, Espey MG. Vitamin C: a concentration-function approach 

yields pharmacology and therapeutic discoveries. Adv Nutr. 2011;2(2):78-88.

2 Riordan NH, Riordan HD, Meng X, Li Y, Jackson JA. Intravenous ascorbate as a tumor 
cytotoxic chemotherapeutic agent. Med Hypotheses. 1995;44(3):207-213.

3 Stephenson C. Study of high-dose intravenous (IV) vitamin C treatment in patients 
with solid tumors. Clinical Trials. http://clinicaltrials.gov/ct2/show/NCT00441207. 
Accessed January 24, 2014.

4 Copenhagen University Hospital at Herlev. Vitamin C as an anti-cancer drug. Clinical 
Trials. http://clinicaltrials.gov/ct2/show/NCT01080352. Accessed January 24, 2014. 

5 Thomas Jefferson University. Pilot trial of intravenous vitamin C in refractory 
non-Hodgkin lymphoma (NHL). Clinical Trials. http://clinicaltrials.gov/ct2/show/
NCT00626444. Accessed January 24, 2014.

6 Situs Cancer Research Center. Study of high dose intravenous (IV) ascorbic acid 
in measurable solid tumor disease. Clinical Trials. http://clinicaltrials.gov/ct2/show/
NCT01125449. Accessed January 24, 2014.

7 Hoffer J. Trial of chemotherapy plus intravenous vitamin C in patients with advanced 
cancer for whom chemotherapy alone is only marginally effective. Clinical Trials. http://
clinicaltrials.gov/ct2/show/NCT01050621. Accessed January 24, 2014.

8 Chen Q, Espey MG, Krishna MC, et al. Pharmacologic ascorbic acid concentra-
tions selectively kill cancer cells: action as a pro-drug to deliver hydrogen peroxide to 
tissues. Proc Natl Acad Sci USA. 2005;102(38):13604-13609.

9 Ichim TE, Minev B, Braciak T, et al. Intravenous ascorbic acid to prevent and treat 
cancer-associated sepsis?. J Transl Med. 2011;9:25.

10 Chen P, Stone J, Sullivan G, Drisko JA, Chen Q. Anti-cancer effect of pharmacologic 
ascorbate and its interaction with supplementary parenteral glutathione in preclinical 
cancer models. Free Radic Biol Med. 2011;51(3):681-687.

11 Lamson DW, Gu YH, Plaza SM, Brignall MS, Brinton CA, Sadlon AE. The vitamin 
C:vitamin K3 system - enhancers and inhibitors of the anticancer effect. Altern Med 
Rev. 2010;15(4):345-351.

12 Chen Q, Espey MG, Sun AY, et al. Ascorbate in pharmacologic concentrations selec-
tively generates ascorbate radical and hydrogen peroxide in extracellular fluid in vivo. 
Proc Natl Acad Sci USA. 2007;104(21):8749-8754.

13 Ochi M, Lamson D. The concern about B-vitamins affecting the oxidant effect of intra-
venous ascorbate for malignancy. Altern Med Rev. 2011;16(Supp):1S-5S.

14 Chen P, Stone J, Sullivan G, Drisko JA, Chen Q. Anti-cancer effect of pharmacologic 
ascorbate and its interaction with supplementary parenteral glutathione in preclinical 
cancer models. Free Radic Biol Med. 2011 May 30.

15 Nelson DL, Lehninger AL, Cox MM. Lehninger Principles of Biochemistry. Macmillan; 
2008.

16 Cunningham JJ. The glucose/insulin system and vitamin C: implications in insulin-
dependent diabetes mellitus. J Am Coll Nutr. 1998;17(2):105-108.

17 Padayatty SJ, Sun AY, Chen Q, Espey MG, Drisko J, Levine M. Vitamin C: intravenous 
use by complementary and alternative medicine practitioners and adverse effects. 
PLoS ONE. 2010;5(7):e11414.

18 Lawton JM, Conway LT, Crosson JT, Smith CL, Abraham PA. Acute oxalate nephrop-
athy after massive ascorbic acid administration. Arch Intern Med. 1985;145(5):950-
951.

19 Wong K, Thomson C, Bailey RR, Mcdiarmid S, Gardner J. Acute oxalate nephropathy 
after a massive intravenous dose of vitamin C. Aust N Z J Med. 1994;24(4):410-411.

20 Mcallister CJ, Scowden EB, Dewberry FL, Richman A. Renal failure secondary to 
massive infusion of vitamin C. JAMA. 1984;252(13):1684.

21 Anderson P. Intravenous vitamin C in naturopathic oncology. Paper presented at: 
Oncology Association of Naturopathic Physicians; 2012; Scottsdale, Arizona.

22 Hininger I, Waters R, Osman M, et al. Acute prooxidant effects of vitamin C in EDTA 
chelation therapy and long-term antioxidant benefits of therapy. Free Radic Biol Med. 
2005;38(12):1565-1570.

23 Roussel AM, Hininger-favier I, Waters RS, Osman M, Fernholz K, Anderson RA. EDTA 
chelation therapy, without added vitamin C, decreases oxidative DNA damage and 
lipid peroxidation. Altern Med Rev. 2009;14(1):56-61.

24 Mühlhöfer A, Mrosek S, Schlegel B, et al. High-dose intravenous vitamin C is 
not associated with an increase of pro-oxidative biomarkers. Eur J Clin Nutr. 
2004;58(8):1151-1158.

NMJ, FEBRUARY 2014 SUPPLEMENT—VOL X, NO. X (SUPPL) ©2014 NATURAL MEDICINE JOURNAL. ALL RIGHTS RESERVED. 21

ANOTHER SPECIAL ISSUE  
PUBLISHED BY


