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Case studies suggest that vitamin C, given 
intravenously at doses of 10-100 gramslday can 
improve patient well being and in some cases, reduce 
tumorsize. Whileascorbateip~yconeidered 
safe, clinical data on high fntravenous dmss is limited. 
Twenty-four late stage terminal cancer patients were 
given continuous infusions of 150 to 710 mgkglday for 
up to eight weeks. Blood chemistry and blood count 
p r o b  were obtained at roughly one-week intervals 
while patient health, adverse events and tumor 
progression were monitored. The majority of patients 
~ v i t a m t n c ~ p r i o r t o ~  Intravenous 
infusions increased plasma ascorbate concentrations 
to a mean of 1.1 mM. The most common adverse events 
reported were nausea, edema, and dry mouth or skin; 
andtheseweregeneraUyminor. TwoGrade3adverse 
events 'possibly related' to the agent were reported: 

one patient with ahistory of renal calculi developed a 
kidney stone after thirteen days of treatment and 
another patient experienced hypokalemia after six 
weeksoftreatment Wf&ebloodcellcountswerestaMe 
while hemoglobin and hematocrit levels dropped 
slightly during treatment, consistent with trends 
observed prior to therapy. Blood rreatinine, BUN, 
glucosef and uric add concentrations decreased or 
remained stable during therapy, suggesting that 
aseorbate infusions did not adversely &kt renal 
bction. One patient had stable disease and milintied 
the treatment for forty-eight weeks. These data 
that intravenous vitamin C therapy for cancer is 
relatively safe, provided the patient does not have a 
history of kidney stone fermation. 
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v itamin C (ascorbic acid, ascorbate) is a water- 
soluble redox agent that plays roles in collagen 
and camitine synthesis and may be important in 

maintaining proper immune cell fimction (I). Pre-clinical 
data suggests that, at sufficient concentrations, ascorbate 
is toxic to tumor cells (2-4), e&ances the efficacy of 
chemotherapy and radiation (9, and protects normal 
tissues from oxidative damage associated with these 
modalities (6). In two clinical studies conctuctedby Pauling 
and Cameron in the mid 1970's, advanced cancer patients 
given intravenous infusions of 10 g/day ascorbate for ten 

days, foIlowed by longer term oral uptake at the same 
dose, showed increased survival when compared to 
'historical' controls. Japanese case studies using similar 
doses of ascorbate found that supplementation increased 
survival times in a similar fishion (7). Two controlled 
double-blind studies at the Mayo Clinic, however, showed 
no benefit of orally adnkktered (10 g/day) vitamin C in 
patients with advanced wlon or rectal cancer (8,9). 

Since plasma ascorbate concentrations were not 
measured in these clinical studies, we do not know if the 
protocols achieved ascorbate concentrations necessary 
to produce the effects observed in pre-clinid-saudi&r. 
For example, ascoxbate is prefbmtiallytoxic to tumor cells 
at millimolar concentrations (2,4,10- 12). Since asahate 

. . is not well absorbed at high doses when administered 
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given intravenous axorbate at doses between thirty and 
one-hundred-fifteen grams per day two to three times 
weekly (1 5-1 8). While intravenous doses of this magnitude 
are reportedly safe and some of us WR, NHR) have 
treated hundreds ofpatients with intravenous ascorbate 
without seeing any side effects, a regimen of this sort has 
not yet been tested in a controlled clinical study. 

The purpose of the present study was to assess the 
safety of administering high dose intravenous to terminal 
cancerpatient$. ~ o n s o f u p t o 7 1 0 ~ d a y ( r o u g h l y  
fifty gmms per day in a seventy kilogram human) were 
administered continuously to tenninal cancerpatients for 
up to eight weeks. Blood cell counts, blood chemistry 
pammeters, pmgression of disease, and adverse events 
were monitored in these patients. 

Matdais and Methods 

Patient Iiligitity Reg- All patient treatment 
and evaluation was ccwducted at the Eppley btitute for 
Research in Cancer and Allied Diseases at the University 
of Nebraska Medical Center (Omaha, NE). Patients 
nineteen years of age or greater with a tissue diagnosis of 
metastatic cancer for which there is no effective available 
therapy (defined as any therapy with demonstrable 
chm'ee for cure or prolongation of survival) were 
considered candidates for the trial. Prior therapy was 
permitted, provided fbur weeks had elapsed, or six weeks 
in the case of mitomycin-C or nitroso urease, between the 
last dose of therapy and entry into the trial. Patients with 
serious active medical problems (such as infection, heart 
disease, diabetes, and hypertension) requiring active 
medical management were excluded, as were patients who 
were not fMy recovered fiom surgery (at least four weeks). 
Patbts who were pregnant or mentally incompetent were 
excluded, as were patients with brain metaskm. 

Therapy P h  Phannaceutid grade sodium ascorbate 
(OrthoCS 250, Merit Phatmaceutcals, Los Angela, CA) 
was diluted in lactatsd Ringer's solution as necessag to 
provide the target dose at an inftsion rate of 20 mVhr (or 
10 mVhr for lower doses). This diluted solution was 
administered by contirmous infusion using a Travenol 
InfUsor (Phama&ie Deltac> St. Paul, MN) wifh a Cad-5400 
or Sabrateck6060 infusion pump. The ascorbate solution 
was changed daily and the infusion system was flushed 
with 100 mL nonnal saline daily to prevent buildup of 
crystals in tbe access line. The first three patients were 
given a vitamin C dose of 150 mg/kg/day. Doses for 
subsequent patients, with tbree patients per dose dess  
otherwiseindi~wereincFwtsedto300,430,570or710 
mglkg/day. These doses correspond to roughly 10, 20, 
3440, and 50 grams per day for a 70 kg person. Each 

patient was treated over an eight-week period, unless an 
adverse event or progression of disease reqnired that the 
treatment be stopped In one case, a patient electtxt to 
continue therapy for fbrty eight weeks. Adverse events 
were assessed by the attending physician using the NCI 
Common Toxicity Cr i~mand were attributed to the agent 
according to the grades "'not related", "possibly =latedm 
or''pmbab1yreIated". Therapy was stopped fbr my patient 
who experienced a grade three or four adverse event, In 
cases where rmch an event was observed among the initial 
three patients at a given dose (this occurred at 290 and 
430 m&g/day), three additional patients were treated a! 
that dose. The trial was to have been stopped if two or 
more grade three or fout adverse events at least ''possibly" 
related to the agent oocwred at the same dose. 

Blood Chemistry and PI- Asambate Measure- 
ments Samples for routine blood chanistty were collected 
one week prior to therapy and at roughly weekly intervals 
during treatmerd. white blood cell counts, hemoglobin 
and hematocrt, red blood cell counts and blood chemistry 
parameters related to renal fimction (matinine, BUN, uric 
acid, and glucose) were determined using standard 
procedures at the Eppley Institute for Research in Cancer 
and Allied Diseases at the University of Nebraska Medical 
Center (Omaha, NE). Plasma vitamin C concentrations 
were m d  as a function of time for twenty-two of the 
twenty-four patients in the triaI. Serum was ~ 0 1 1 4  for 
this purpose roughly one week prior to therapy, daily for 
the hrst four days of therapy, and weekly for the four 
weeks of therapy. Samples stabilized with 3% 
metaphosphoric acid (4.5 ml acid to 3 mi serum), frozen at 
-70 "C, coded, and shipped to the Bio Center Laboratory 
(Wichita, KS) for analysis. Vitamin C concentrations in 
the plasma samples were determined by measuring the 
rectucth of 2,6 dichlorophenolindophenol(19). 

Edgaliaa Criterion. Radiographic images (thoracic 
radiographs, CT scan) of measurable disease were 
performed at eight weeks of treatment to assess 
progression of disease. A complete response was defined 
as total resolution of all m e a d l e  disease sites for a 
minimum of four weeks. Apaaial response was defined as 
a fifty percent or greater decrease in the size (defined as 
the sum of the products of the perpendicular dimensions) 
of all measurable lesions for a minimum of four weeks 
without the appmnce of new lesions. Stable disease 
was defined as no more than a fifty percent decrease and 
no less than a twenty five percent increase in the size of a .  
measurable lesions and no development of new disease 
over eight weeks. Progressive disease was defined as a 
twenty-five percent or greater increase in the size of all 
measumbIe lesions compared to the measurements at die 
time of h u m  regwsion. 



Results or rectal primray tumors (19 out of24), and nearly al l  of 
them (22 out of 24) had mastatic disease. In all cases the 
patients had received one or more prior regimens of 
c h e m ~ , w i w i t h t h e i r h m m r s p r a v i n g ~ t o t h e s e  
treatnnents. Table 1 summarizes the type of cancer* dose 

This study consisted of twenty-four late state, terminal 
cancer patients with poor prognosis for whom no ef%&ve 
therapy was available. Most of these patients had d o n  

Table 1: Summary of Patients given Intravenous Ascorbate 

p- Metr Dose 

Colon Liver, Lung 150 mglkgfday - 8 weeks 1.920 mg/dL Progression GI: Nausea, Dry 
Mouth & Skin, 
Constipation 

0.4814 mgldL Progression G1: Dry Mouth 
& Skin, 
Constipation 

1.4819 mg/dL Progression GI: Edema 
0.5869 mg/dL Progression G1: Fatigue 
0.8835 mg/dL Progression Gi: Ihy Mouth 

G3: Kidney Stone 
(possibly related) 

0.8820 mgldL Progression G1: Fever, A d  
G3: Anemia 
(not related) 

O.OA11 mg/dL Progression None 

Colon W Ab lsOmg/kg/day - 7 weeks 

Colon 
Liver 
Colon 

Liver I 50 - 4 w& 
Adenophathy 290 mgk@&y - 8 weeks 
Liver 290 mg/kg/day - 13 d a y  

Colon Liver 290 mgllcglday - 6 weeks 

Appendix, 290mgJkglday-7& 
carcinomatosis 
Colon Liver 290m&Jday-8wee]rs Progression GI: Nausea, 

Dry Mouth 
GI: Nausea, Fever, 
sty Mouth, 
Hig?I Blood - 
G1: Mansea, Pain, 
Fever GZ: 
Hypoglycemia 
GI: Nausea, Edema 
G2: Hypokalemia 
G4: Cardiac Amst 
(not related) 
GI: Nausea 
GI: Edema, Dry 
Mouth G2: Pain 
G1: Nauseq Edema 
GI: Edema 
None 
Gl: Pain, Fatigue 
GI: Diarrhea, 
Edema, Fatigue. 
High BP G3: 
Hypokalemia 
(possibly related) 
GI: Edema, High 
Blood Rcssure 
G2: Fever 
GI: Nausea 

Colon Omentum 290 mgkglday - 8 weeks Progression 

Colon 290 mglkglday - 8 weeks 

Rectal Liver, Lung 430 mglkgfday - 3 weeks Progression 

Colon 
Colon 

Liver 430 mgk@day - 8 weeks 
Lung 430 mgfkgfday - 7 weeks 

Stable Disease 
Progression 

Progression 
Progression 
Progression 
Progression 
Progression 

Colon Liver 430 mgk&day - 3 w& 
Pancreatic 430mg/kg/day-8weeks 
Colon Liver 430 m&g/day - 8 weeke 
Colon Liver, Lung 570 mg/kg/day - 8 weeks 
Pancreatic Liver 570 rngkgtdsy - 7 weeks 

LUng 570 mgk@day - 8 we& 0.0320 mg/dL Progression Colon 

Liver 710 m&kgJday - 8 weeks 8.9817 t&dL Progression 
Livar, Lung 710 mgk@day - 8 weeks No data available Progression 

Liver 710 mg/kg/day - 10 days No data available Progression 

Liver 710 mg/kg/day - 2 days 1.7842 mg/dL Progression 

Liver, Lung 710 m&$day - 8 web 4.4825 &dL Progression 

Colon 
Colon 

GI: Pain, Fatigue 
G02,hw 

Cholangio 

Colon 

W: Nausea 
GI: Fatigue 
G2: Nausea 
GI: Sleeplessmxs, 
Dry Thfoat, 
Fatigue 62: Edenm, 
Hypokalemia 



PRHSVd 24 No. 4 
-,= 

and duration of asmrbate therapy, plasma d a t e  levels 
(before and during treatment), adverse events, and results 
for each study participant. One patient had stable disease 
while the others showed progressive disease during the 
treatment. Among those with progressive disease, eleven 
completed the eight weeks of therapy. Two were removed 
from the study due to Grade Three of Four adverse events 
and two elected to stop treatment due to problems with 
v ~ u s  catheter occlusion. The remain&ers were removed 
fiom the trial betbre the eight-week time period expixed 
due to progressive disease. Overall, eighteen of the 
patients received the treatment for at least six weeks. 

One subject, a man with colon cancer and liver 
metastasis who was treated with 430 mg&&day ascorbate 
(subject #12 in Table l), showed stable cfisease (no inclease 
in size of preexistkg lesions and no new lesions) and 
elected to continue asaxbate therapy at his: own expense 
for an additional forty-eight weeks. This subject was 
relatively healthy in that, unlike most other subjects, his 
bloodchemistry andblood countparametmwereali within 
normal ranges at the onset of treatment and remained 
n o d  during the study. Moreover, his plasma ascorbate 
levels increased steadily during the eight week study 
period, reaching a maximum value of 1.7 mM. In all the 
other subjects, the plasma ascorbate concentration went 
up initially and then remained constant. Of course, the 
relative good health and different mrbate  absorption in 
this subject may be coincidental and we are not aware of 
any aspect of this patient's cancer that might set it apart 
as being particularly amenable to ascorbate therapy. 
Most adverse events experienced by the patients were 

minor (Grade 1 or Grade 2) and of the sort one would 
expect for late stage cancer patients regardless of their 
therapeutic regimen. The most common side effects were 
nausea (1 1 subjects), dry skin or mouth (7 subjects), edema 
(7 subjects), and fkiigue (6 subjects). Atotal of four Grade 
3 or Grade 4 adverse events were observed during the 
study, with only two of these being considered even 
"possibly" related to the ascorbate treatment. Since we 
did not observe two such '@possibly related" events at 
any single dose, we are unable to estimate a mahum 
tolerated dosage. One patient (subject #5 in Table 1) 
developed a kidney stone after thirteen days of treatment 
at 290 mgkg/day asahate. Prior to formation of the &me, 
the only adverse event he e x p k c e d  during the treatment 
was a dry mouth. Acute renal distress is usually 
accompanied by increases in blood glucose, matinine, 
urea, and BUN levels; however, this subject's blood 
creatinine, glucose and BUN levels remained stable (at 
0.8,74, and 14mg/dL, mpxtively) during tmatment while 
his blood uric acid concentration derreased (&om 4.8 to 
2.3 mg/dL). This subject had a prior history of kidney 

stones, and the rapidity of onset (13 days) suggests a pre- 
existing condition. However, a role for ascohte in causing 
this adverse event could not be totally ruled out. A second 
subject, a f d e  with colon cancer and liver 
(subject #18) experienced a Grade 3 decrease in blood 
potassium level while being treated with 570 mgkglday 
ascurbate. She had pre-existing fatigue and abdominal 
pain, and complained of diarrhea, edema, and fatigue 
during the treatment. Her blood potassium levels weze 
monitored on days 28, 35, and 42 of therapy, with 
concentrations of 3.0,2.9, and 2.5 being obtained. This 
incidence of hypokalemia was graded "possibly related" 
to the aswrbate therapy, though it was probably induced 
by gastrointe&ml potassium Ioss, a common problem in 
patients with diarrhea 

Two Grade 3 or 4 adverse events occurred during the 
study that were considered by the attending physician to 
be unrelated to axorbate therapy (subjects #9 and #11). 
One subject (# 9) experienced a single incidence of Grade 
3 anemia (hemoglobin at 7.6 g/dL) after six weeks of 
treatment at 290 mg/kg/day. Her previous hemoglobin 
level was 8.1 gldL (after five weeks), and her hemoglobin 
level increased without intervention or cessation of 
treatment to 8.9 g/dL the following week. Chronic pain 
and recurrent anemia were reported as pre-existing 
conditions, and this subject's blood parameters as a whole 
were low but stable prior to and during tmfmmt Chronic 
pain and recurrent anemia were reported as pre-existing 
conditions. Her anemia was considered unrelated to 
ascorbate therapy. Another subject (#11) suffering from 
rectal cancer with both liver and lung metastases 
underwent cardiac arrest (a Grade 4 event) while being 
treated with 430 m W & y  ascorbate. This occurred three 
weeks into therapy and within a few days after she was 
given a diuretic by her M y  physician. She was admitted 
to the hospital, where she was also found to be 
hypokalemic (Grade 2). In all likelihood, severe 
hypokalemia brought on by a combination of nausea, 
vomiting, and the diuretic induced the heart attack. She 
was removed h m  the study and died two months later. 

Most of the parameters measured in the standard blood 
count and chemistry profile either remained stable during 
therapy or changed modestly in accordance with trends 
observed prior to treatment. Average values of blood 
chemistry and unmtpamneters before and during therapy, 
along with the incidence of clinically abnormal values, are 
summarized in Table 2. Hemoglobin, hematoait, red cell 
counts, and lymphocyte counts were below normal before 
vitamin C therapy for a majority of the subjects. These 
pamneters decreased slightly (or, in the case of red cell 
comt,remahedstable)duringvirminCtherapy,dective 
of trends observed prior to treatment. White blood cell 
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Tabte 2: Mean blood chemistry and count pammebm (with standard deviations) for 24 pathb along with the nlmnbg of subjects 
with parameter values outside the normal mge befare, during (average of all values during treatment), and at the end (avemge for last 
two weeks of tre&ment) of thenqy. NNormai vahxs were taken from the BioCenter Laboratory, Wichita, KS. 

Mean Pamn&er Value Number of Abmmnal Values 

Normal (Aveqc for 24 SnbJectJ) Before During End 

Parameter b n e  Before Durina End Hi Lo Hi Lo Hi Lo 
.- - 

BfRJ (m%/dL) 5 - 26 13 * 5 l l * 4 t  11*5f 1 0 0 2 0 2  
Cre9tinine(mg/dL) 0.5-15 0.9zt0.2 0.8*0.2t 0,8*0.2t 0 0 0 2 0 2  
UricAcii(mgldL) 2.2-8.7 5.0k1.2 2.5*I.Of 2.8*1.5t 1 0 0 10 0 9 
Gluco~e (mp/dL) 65 - 1 10 112 * 38 98*22 99* 19 8 0 5 0 8 0  
Hemoglobin (g!dL) 14 - 17 12 * 2 11*2t 11*2t 0 20 0 22 0 23 
Htmatocrit (%) 39 - 55 35 * 5 33 * 5 t  33 *4 t  0 17 0 20 0 23 
RBC (lo"/@) 4.3 - 5.9 4.0 * 0.5 3.9 * 0.6 4.1 * 0.7 0 18 0 19 1 19 
WBC (lo.'/@) 4.6 - 11 8.2 * 4.0 8.5 * 2.6 8.7 * 2.9 3 2 5 0 4 2  
Neutrophils (%) 45 - 75 68 * 8 72 * 7t  73 * 7t$ 1 0 8 0 10 0 
B f d S  C/O) 0 - 5  4.0 * 3.9 3.5 * 2.5 3.0 k 2.6 5 0 4 0 2 0  
Lymphocytes (Yo) 20 - 45 17*8 15*6f 15*6t 0 18 0 18 0 19 
Monocytes (YO) 0 - 10 8.3 * 3.1 7.8 * 2.3 7.5 * 2.9 7 0 5 0 4 0  
Platelets (1 03tjk.L) 140 - 440 250 * 90 260 * 90 280 * 9w# 0 0 0 0 3 1  

~ d w o t e g p < 0 . 0 5 f o r ~ w i t h ~ M h r e g  
"$"aenotes~ .OSforoanpiasonwithdurmg~vlkres .  

counts remained stable during treatment, with neutrophil 
percentages increasing and lymphocyte percentages 
decreasing. Platelet counts increased only at the end of 
tmame&. Overall, there appears to be a mirrima) effect of 
vitamin C on blood cell count parameters. 

Blood chemistry panmeters that serve as indicators of 
renal function (BUN, creatinine, uric acid, and glucose) 
remained relatively stable or, in the case of uric acid, 
decreased during therapy, as shown in Figure 1. This is 
significant, since the values of these parameters would 
have been expected to rise during treatment if ascorbate 
was having an acute detrimental effect on renal function. 
Only four subjects experienced BUN increases during 
therapy and only two experienced creatinine increases. 

The uric acid decreases reported here are unlikely to 
indicate a risk, since acute renal distress would involve 
elevated uric acid levels. In regard to uric acid, it should 
be pointed: out tharvitamin C can interfere with the 
standard colorimetric uric acid assay, though excess 
ascorbate oxidase is usually added during the assays to 
prevent this. For the particular assay kit used in this study 
(Vitros Chemistry Products), a serum ascorbate 
concentration of 100 mg/dL (- 5 rnM) creates a positive 
bias of 17%. Although this serum ascorbate concen~m 
was not achieved in the present study, it is possible that 
actual plasma uric acid levels are somewhat lower than 
those reported herein. 
Plasma ascarbate levels were measured in twenty-two 

F i  1. BUN, creatinine, uric acid and glucose levels in patients as a function of time from the onset of therapy (days). Normal 
range limits are indicated by horizontal dotted lines, while the onset of treatment is indicatedby a vertical dashed lie. Data from the 
twenty patients with the longest treatment thes were selected for each graph, 

BUN 
M 1 l l l l l l l l  

b w h  1 
Glucose 

I I ~ I I l I l I  



of the twenty-four subjects in this study. Prior to therapy, 
the mean plasma 8scorbate level in these subjects was 0.1 
* 0.2 mM. C t m s i e g  the normal range to be between 
0.1 1 and 0.03 mM, three subjects had above n o d  levels, 
five subjects had nonnal levels, and fourteen subjects 
were m r b a t e  deficient, with ten of them having no 
detectable vitamin C in their blood. In all but one case, 
plasma ascorbate levels reached steady state within two 
days of ascurbate therapy. The one exception occurr;ed m 
the one subject who showed stable rather than progressive 
disease. The mean plasma axarbate concentration (all 
subjects) during therapy was I. 1 & 0.9 mM, significantly 
greater than the pretreatment mean. Average plasma 
ascorbate concentrations during treatment ranged fiom 
0.28 to 3.8 mM, suggesting that ascorbate absorption 
phamawkinetics varied greatly among subjects. This 
variation highlights the necessity of monitoring plasma 
ascotkite concentrations in fizture studies examining the 
potential correlation between B S O O ~  concentration and 
efficacy. We should also note that the colorimetric assay 
employed to masure plasma d a t e  has a rehtively 
low sensitivity. We saw no consistent relationship 
between plasma ascurbate cxmcentration and ascorbate 
dosage. S i  tissue and urine vitamin C c o n m t i o n s  
were not measured in this study, we cannot determine 
whether additional ascorbate administered at higher doses 
was excreted in the urine or absorbed and metabolized by 
tissue. 

Discussion 

The~seofihisstudywastoassessthesafetyof 
administering high doses or intravenous asaxbate, up to 
710 mg/kg/day for up to 8 weeks, to terminal cancer 
patients. The results of this study lead us to conclude the 
following: plasma d t e  c o l l o e ~ ~ o n s  on the order 
of 1 mM were &ed using intravenous infission; the 
adverse events associated with this treatment were few 
and for the most part. minor; &ate therapy did not 
cause acute renaI distress, provided the patient did not 
have a prior history of kidney problems and the effect of 
intravenous ascorbate therapy on blood count and 
chemistry parameters were, m most cases, tlliaimal. Based 
on these results, we believe that M e r  clinical studies 
with high dose intravenous ascorbate infusions are 
warranted 

Health concerns related to vitamin C utilizationprhdy 
focus on compromised renal function and the formation 
of renal calculi (13). In the present study, one patient 
developed a kidney stone after thirteen days of treatment. 
This patient had a history of oxalate stones, and the 
relatively short time after the onset of therapy at which 

the stone was detected suggests a pre-existing condition, 
In patients who cIid not have a history of kidney stones, 
unexpected d calculi did not develop, consistent with 
o k  studies using lower doses (8,13,20). Moreover, blood 
chemistry parameters associated with kidney function 
(creatinine, BUN, uric acid, glucose) decreased instead of 
increasing as they would under conditions of renal 
wmpmk. ThisisinteaestinginlightofreportsbyLwine 
and coworkers (1 3) that urine uric acid and oxalate levels 
were elevated in their study using oral doses of ascorbate. 
Overall, the preponderance of evidence in this study 
suggests that high doses of vitamin C do not compmmbe 
renal function in patients who do not have a prior history 
of kidney disease. 

The relatively minor side effects of nausea, dryness, 
and edema reported in this study were consistent with 
observations by others (13,21). The only two adverse 
events of Grade 3 or more that were considered even 
possibly related to the treatments were the aforementioned 
kidney stone and a case of hypokalemia The cause of 
the latter is uthown, though it may be related to dianbea. 
Potassium levels should be monitored regularly in future 
studies. Speculation concerning the effects of vitamin C 
on white blood cells has covered the en* range fi-om 
reported benefits, such as protection from oxidative 
damage (22), i n d  T 4  numbers (23), and increases 
T-cell activity (24), to claims that ascorbate is toxic to 
lymphocytes in vitro (25). Patient lymphocyte counts in 
our study were by and large unaffected by asmrbiite . . admmstmtion; theydecxwsdgtactuallyduriogfreatment, 
in accordance with trends observed immediately prior to 
therapy- This suggests toxicity reported in vim might 
not be relevant in vivo. 

Over sixty percent of the cancer patients in this study 
were deficient in vitamin C prior to intravenous slscorbate 
therapy, umsistent with reports in the literature (2637). 
Ascorbate infusions increased plasma ascorbate 
concentrations to millimolar levels, concentrations in 
excess of those needed to saturate neutrophils and 
lymphocytes (13), and approaching those reported 
necessary fm virucidal activity against the HTV virus (25) 
and toxicity against tumor cells (11). The issue of 
determining what plasma concentration is necessary for 
anti-tumor efficacy is complicated by two &tors. On the 
one hand, experiments conducted in our laboratory with 
three dimensional tumor models indicate that the vitamin 
C dose required to kill solid tumors may be much higher 
t h a n t h a t n e c e s s a r y t o k i l l ~ o r c e l l s i n ~ l a y e r ~  
(14). On the other hand, the known accumulation of 
ascorbate in tumors (29) suggests that doses higher than 
those attained in plasma may be reached there. In guinea 
pigs given subcutaneous injections of ascorbate, intra- 
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tumor ascorbate cortcentratio~ls in excess of 2 mM were 
obtained, with these concentrations leading to decreased 
tumor growth in vivo (30). 

More research is needed to un-d how ascorbate 
distributes throughout the body and what euncentmtiolc~s 
can be attained in solid tumors. Plasma ascorbate 
measurements in this study failed to detect any systematic 
increases in concentration with dose. Similar qualitative 
trends have been reported by Levine and coworkers (13); 
in particular, these investigators found that plasma 
ascorbate concentmtions in seven healthy adults given 
d supp1ernents reached a plateau level of roughly 1.5 
mg/dl at an oral dose of 1 g/day, after which further 
in-es in dose led to increased urinary excretion without 
significant inatass in plasma concentration. This report 
suggests that higher doses would be of limited utiIity in 
healthy adults. However, the situation in cancer patients 
may be considerably different. Cancer patients o h  
have below nonnal plasma vitamin C levels, and tumors 
are known to accumulate vitamin C at high levels relative 
to surrounding tissues (29). Mechanistic aspects 
pertaining this issue have been published elsewhere (3 1). 
It bas also been observed that urinary excretion in leukemia 
patients following acute loading of ascorbic acid was 
significantly less than that in normal subjects (6). 
Preliminary experiments in our labomtory (unpublished) 
indicated that pIasma ascorbate concentrations in cancer 
patients after one-hour infusions of 15g intravenous 
ascorbate were significantly lower than those attained in 
healthy adults given the same idusion. It seems likely in 
light of these observations that cancer patients may have 
an increased tissue demand for vitamin C relative to nonnal 
subjects. 

Considering the short duration of this study, the 
relatively poor health of the patients involved, and their 
experience with prior chemotherapy, efficacy was not an 
expected result in this trial. It was thus surprising that one 
patient in the study had stabilized disease during therapy. 
Patients who have undergone prior chemotherapy may 
benefit less from vitamin C therapy (8,33) and cancers of 
colon or rectal origin may be less responsive to vitamin C 
therapy (9). We are planning future clinical trials with 
cohorts of cancer patients, such as those with renal 
carcinoma who have not had prior chemotherapy, who 
may stand a better chance of being aided by vitamin C 
(16,17). We are also examining the use of other 
supplements and additives, such as lipoic acid (14), that 
may boost immune system or modulate the cellular 
oxidation-reduction state in a way that decreases the 
vitamin C dose required for tumor cell cytotoxicity. 

In conclusion, the results in this study suggest that 
intravenous vitamin C therapy for cancer is relatively safe. 

Informes de casos publicados sugieren que la vitamina 
c, - . . por via intravenosa en dosis de 10 a 100 
gram05 puede mejom la condici6n de salud de pacientes 
que p a d m  de ctmcer y en algunos casos re* el 
tamafio del tumor. A q u e  el ascorbato es generalmente 
considerado como seguro, 10s datos clhicos sobre altas 
dosis administradas por via intraveaosa son muy 
limitados. Se les a d m m  inhsiones continuas de 
vitsmina C en dosis de 150 to 710 mg/icg/dfa por hasta 
ocho semanas a 24 pacientes con cbcer a d o  en 
etapa Terminal. Se obtuvieron muestras de sangre para 
&iis de laboratorio semarmhmte, mientras se le daba 
seguhiento a la wndici6n del paciente incluyendo efixtm 
a d v ~ y p r o g r e s o d e l ~ .  Lamayorfadelos@entes 
tenian niveles deficientes de vitamina C antes de la tmapia. 
Las infitsiones intravenosas aumentmn la c o d 6 n  
de ascorbato en plasma a un promedio de 1.1 mM. Los 
efectos adversos mas comlinmente informados incluyeron 
nausea, edema, resequedad de la boca o pie1 y estos fueron 
deunamsgnitudmodesta 

Se informaron dos efectos adversos de grado 3 
(posiblemente relacionados a1 agente): un paciente con 
historial de crilculos renales tuw recurrencia de un dculo 
y otro paciente experiment6 hipocalemia luego de seis 
semmas de tratamiento. Los cunteos de dlulas blacas 
se mantuvieron estables mientras que 10s niveles de 
hemoglobina y hematocrito disminuyeron levemente 
durante el tratamiento, en forma consistente con 10s 
patrones observados previos a la terapia. Las 
concentraciones de creatinina s&ica, la urea nitrogenada 
en sangre y el acido thico disminuyeron o se znantuvieron 
estables durante la t q i a ,  sugiriendo que las inhiones 
de ascorbato no afk& adversamente la h c i h  renal. Un 
paciente se mantuvo estable en su condici6n por 48 
semanas. Estos datos sugieren que la terapia intmvenosa 
convi~CpcanceresreIativamentesegKrasKmpre 
y cuando el paciente no tenga un historial de f d h  
de dculos renales. 
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