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abstract

Objective: Cytotoxic effect of ascorbic acid on colon cancer 
cells has been demonstrated in pre-clinical models. Potential 
mechanisms of action for ascorbic acid against colon can-
cer include upregulation of p53, inhibition of hyaluronidase, 
induction of apoptosis, the normalization of methylation 
markers, and changes in cell metabolism. One difficulty in 
administering IVC is determining the optimal treatment sched-
ule. In this study, we analyzed data of previous clinical trial of 
the treatment of late stage colon cancer patients by continu-
ous vitamin C infusions. 

Design: The author analyzed the effect of continuous intrave-
nous ascorbic acid (10 g–50 g) on 17 terminal colon cancer 
patients treated for 6-8 weeks. Adverse effects, hematologic 
and blood chemistry parameters, and time to survival were 
monitored during treatment. 

Outcome measures: Collections of blood were performed for 
the measurements of vitamin C, absolute lymphocyte count 
(ALC), neutrophil to lymphocyte ratio (NLR), lactate dehydro-
genase concentration (LDH), glucose concentration, ratio of 
immature neutrophils to total white blood cells (IN/WBC), 
albumin concentration, albumin to globulin ration (A:G), 
and creatinine concentration. Patients’ survival time was cor-
related with measured biomarkers. 

Results: The evaluation of the initial blood chemistry param-
eters as prognostic factors of patients’ survival demonstrated 
strong correlation with survival for lactate dehydrogenase, 
creatinine, and albumin. Weaker correlation with survival 
was found for absolute lymphocyte counts, neutrophil to 
lymphocyte ratio, glucose, and the ratio of immature neutro-
phils to white blood cells. In addition, survival time was lower 
for subjects with more abnormal values of these biomarkers. 

Continuous ascorbate infusions demonstrated the regulatory 
effect on ALC, lymphopenia, and NLR, which suggested a stra-
tegic benefit of using medium continuous ascorbate doses 
for improvement immune functioning. The rate of growth of 
LDH in patients with elevated initial levels was decreased in 
most cases. Treatments were accompanied by reduced serum 
glucose and uric acid concentrations. In addition, our data 
demonstrate that continuous IVC can be administered safely. 

Conclusions: Continuous IVC infusions show potential to ben-
efit colon cancer patients with minimal side effects. Further 
research and clinical studies into the efficacy of continuous 
IVC therapy for colon cancer are warranted.

abbreviations

IVC: intravenous vitamin C; LDH: lactate dehydrogenase; 
ALC: absolute lymphocyte counts; NLR: neutrophil to lym-
phocyte ratio; IN/WBC: the ratio of immature neutrophils to 
white blood cells; AA: ascorbic acid; DHA: dehydroascorbic 
acid; A:G: albumin to globulin ratio; UA: uric acid.

introduction

Colorectal cancer is a major worldwide health problem 
that, despite recent improvements in treatment, contin-
ues to have a low response rate (Allen et al., 2006).  It is 
a heterogeneous disease:  roughly forty percent of cases 
carry a KRAS oncogene mutation and roughly ten percent 
are characterized by BRAF oncogene mutation (Tan et al., 
2012).  The former is associated with poor outcomes, poor 
overall survival, serious alterations in normal cell metabo-
lism and resistance to chemotherapy (Lievre et al., 2006).

Intravenous ascorbic acid (AA) administration is being 
considered as a potential treatment for cancer (Halabi et 
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Other potential mechanisms of action for AA against colon 
cancer include upregulation of p53 (An et al., 2012) and 
inhibition of hyaluronidase, an enzyme that aids tumor 
metastasis by destroying collagen (Shi, 2007).  AA has 
been shown to induce apoptosis in colon cancer cells via 
increased calcium influx in the endoplasmic reticulum 
combined with translocation of the Bcl-2 protein family 
to the mitochondria and increase in Bax protein expres-
sion (Kim et al., 2012).   Ascorbate is associated with the 
“normalization” of methylation markers TET (Duerte et al., 
2007) and 5-hmCyt (Minor et al., 2013), and with decreases 
in hypoxia inducible factor (HIF-1)-activated tumor growth 
(Kuiper et al., 2014).

In summary, ascorbic acid, at pharmacological concentra-
tions, exerts a selectively cytotoxic effect toward tumors, 
by several potential mechanisms of action.

At the clinical level, AA is associated with improvement 
quality-of-life in patients with advanced disease and 
improved tolerability of standard therapy (Halabi et al., 
2018).  Its benefits were found only when administered 
intravenously in high and frequent doses.  A limited num-
ber of clinical studies are available to date.  Further studies 
are needed on a larger scale to examine the therapeutic 
benefits of AA in colon cancer.  In the present publication, 
we described previously unpublished parameters from 
the clinical study (Riordan et al., 2005) of the treatment of 
colon cancer patients by continuous ascorbate infusions, 
including blood chemistry and blood count parameters 
that are reportedly related to patient prognosis and degree 
of inflammation.

patient characteristics

Seventeen patients with late stage colon cancer were 
included in our study. 88% of the patients had meta-
static tumor. Written informed consent was provided by 
all patients included in this study. The ethics committees 
of the Eppley institute for Research in Cancer and Allied 
Diseases at the University of Nebraska Medical Center 
(Omaha. NE) and the IRB of the Riordan Clinic approved 
the study.

All patients had several chemotherapies, alone or with radi-
ations before entering to the study. Prior chemotherapies 
included 5-FU, Mitomycin, Vincristine and the Theratope 
vaccine, among others. A description of all recruited 24 
patients and how the Phase 1 IVC continuous infusion 
clinical trial was conducted was given previously (Mikirova 
et al., 2019).    As 70 % of the patients in this study were 
patients with colon cancer, we decided to analyze this 
group separately.

al., 2018). Pharmacological concentrations of AA induce 
antiproliferative, cytotoxic and genotoxic effects on colon 
cancer cells in vitro and induces cell death by oxidative 
stress and other mechanisms (Pires et al., 2016).  Tumors 
preferentially accumulate ascorbate, possibly by uptake 
via glucose transporters and possibly by increased expres-
sion of AA transporters.  Increased GLUT-1 transporter 
expression in mutated colon cancer cells leads to the accu-
mulation of the oxidized form of AA, dehydroascorbate 
(DHA), which, in turn, is reduced back to AA (Yun et al., 
2015).   Once AA enters cells, it releases electrons neces-
sary for the generation of superoxide radical, H2O2, and 
other reactive oxygen species (ROS).  In two colon cancer 
cell lines, millimolar concentrations of AA led to down-
regulation of specificity protein (Sp) transcription factors 
Sp1, Sp3 and Sp4, along with Sp-regulated genes (Pathi 
et al., 2011).  This, in turn, was accompanied by decreased 
cell proliferation, apoptosis, necrosis, and suppression of 
Sp-regulated genes involved in cancer proliferation and 
angiogenesis [hepatocyte growth factor receptor (c-Met), 
epidermal growth factor receptor (EGFR) and cyclin D1], 
survival (survivin and bcl-2), vascular endothelial growth 
factor (VEGF) , receptors (VEGFR1 and VEGFR2)].  These 
results correlate with studies demonstrating pro-oxidant 
activity of ascorbic acid and identification of hydrogen 
peroxide in extracellular fluid of mice administered phar-
macologic doses of ascorbic acid (Chen et al., 2005; Duarte 
et al., 2007).

Ascorbate may also interfere with glucose metabolism 
in colon cancer cells, which rely heavily on the Warburg 
effect to meet cellular energy needs, by blocking essential 
enzymes or shutting down the pathway that allows KRAS 
mutation-dependent enhancement of glucose absorp-
tion (Halabi et al., 2018).  In colon cancer cells, KRAS and 
BRAF mutations lead to activation via phosphorylation 
of the MAPK/ERK (Mitogen-Activated Protein Kinases/
Extracellular Signal-Regulated Kinases) pathway. This, in 
turn, activates transcription factors and gene expression, 
promoting cell proliferation and survival. Thus, mutant 
KRAS is involved in the upregulation of the Warburg 
effect in colon cancer cells.  Ascorbate may disrupt this 
metabolic upregulation, either by targeting GAPDH 
(Glyceraldehyde-3-Phosphate Dehydrogenase) (Yun et al., 
2015) or by downregulating key metabolic checkpoints 
(Aguilera et al., 2016).  Specifically, AA has been found to 
induce RAS protein detachment from the cell membrane, 
inhibiting extracellular signal related kinases (ERK) and 
pyruvate kinase M2 (PKM2) phosphorylation.  This, in turn, 
leads to downregulation of GLUT-1 (glucose transporter) 
and PKM2-dependent protein expression, blocking the 
Warburg effect and inducing energetic stress in the cell.
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To administer treatment, ascorbate was diluted in Lactated 
Ringers solution and administered continuously with a 
Travenol infuser (Pharmacic Deltac, St. Paul, MN) and a 
Cad-5400 or Sabratek 6060 infusion pump.  Flow rates 

were set to 20 ml/hr. or 10 ml/hr., depending on the dose.  
Patients’ health, adverse events and tumor progression 
were monitored during treatment. Samples for routine 
blood chemistry were collected one week prior to therapy 
and roughly weekly intervals during treatment.   The con-
centration of ascorbic acid in blood was measured before 
treatment, the first four days and at the end of each week 
of treatment.

statistical analysis

The inter-relationship between survival and blood 
parameters was examined using Spearman’s correlation 
coefficients and regression analysis. Correlations were 
classified as “weak” for correlation coefficient values below 
0.500, and “strong” for values exceeding 0.800.   Pairwise 
comparisons were analyzed by Wilcoxon Signed –Rank test. 
Missing data were excluded from analysis on a variable by 
variable basis. Two tailed p values < 0.05 were considered 
statistically significant. Statistical analysis was performed 
using Systat software (Version 13. Chicago, IL, USA).

results

Plasma ascorbate concentration

Pre-treatment plasma ascorbate concentrations were 
below normal in two thirds of the subjects, consistent 
with previous reports of cancer patients being gener-

For these subjects, information about the type of cancer, 
metastatic state, dosage during treatment, duration of the 
treatment, survival and adverse effects during intervention 
are presented in Table 1.

The abbreviations of the side effects presented in the Table 
1 are:  SD  = Stable Disease, IWB = improved well-being,  
ED – edema, DM – dry mouth, NA- nausea, BP –blood pres-
sure, AX- anorexia, KS –kidney stones and K-hypokalemia. 
ND- not determined.

The most common side effects were nausea, dry skin or 
mouth, edema and fatigue. These were generally minor. 
Two patients developed hypokalemia. Nowadays, it is rec-
ommended to monitor potassium levels during treatment 
and, if necessary, give oral potassium supplements.  One 
patient developed a kidney stone after thirteen days of 
treatment at 290 mg/kg/day ascorbate.  This subject had a 
prior history of kidney stones.

intervention

Patients were divided into groups and given continu-
ous AA infusions at specified doses:  150 mg/kg/day  
(3 patients), 290 mg/kg/day (4 patients), 430 mg/kg/day  
(5 patients), 510 mg/kg/day (2 patients) and 710 mg/kg/
day (3 patients). Overall, fourteen of the patients received 
the treatment for at least six weeks.  Subject 10, a male 
with colon and liver metastasis who was treated with 430 
mg/kg/day ascorbate, showed stable disease (no increase 
in size of pre-existing lesions and no new lesions) and  
elected to continue ascorbate therapy for an additional 
forty-eight weeks.

Table 1. Characteristics of colon cancer patients participating in a phase I clinical trial of continuous IVC infusions.

Subject	 Sex	 Primary / Metastasis	 AA Dose	 Treatment	 Survival	 Adverse 
			   mg/kg/day	 Time (weeks)	 Time (days)	 effects

	1	 M	 Colon / Liver 	 150	 4	 69	 ED	
	2	 F	 Colon / Liver, Lung 	 710	 8	 456	 none
	3	 F	 Colon / Liver 	 290	 8	 143	 DM, NA,F
	4	 M	 Colon / Lung, Liver 	 570	 8	 397	 none
	5	 F	 Colon / Lung 	 430	 7	 155	 ED, DM
	6	 M	 Colon / Liver 	 290	 2	 36	 KS, DM
	7	 F	 Colon / Lung 	 430	 3	 21	 ED
	8	 M	 Colon / Liver 	 430	 8	 80	 none
	9	 F	 Colon / Liver 	 150	 8	 67	 NA
	10	 M	 Colon / Liver 	 430	 48	 334	 SD , NA, K
	11	 F	 Colon 	 430	 6	 ND	 NA
	12	 M	 Colon / Liver, Lung 	 710	 8	 43	 F, K
	13	 M	 Colon / Chest-Abd. Wall 	 150	 7	 220	 DM
	14	 F	 Colon / Liver 	 290	 6	 142	 none
	15	 M	 Colon / Lung 	 570	 8	 ND	 ED, BP
	16	 M	 Colon / Liver 	 710	 8	 110	 IWB
	17	 M	 Colon / Omentum	 290	 8	 173	 AX
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 1.08 ± 0.02(SD), 0.80 mM ± 0.30 mM, 1.30 mM ± 0.20 mM, 
and 1.40 mM ± 0.23, respectively.

In fact, the data for all four doses could be fit to a single 
Michaelis-Menten type equation with a calculated maxi-
mum level of 1.19 mM and a half-time to maximum of 0.87 
days (r = 0.75).   From day four onward, plasma ascorbate 
values ranged from 0.94 mM to 1.55 mM, indicating high 
patient-to-patient variability in ascorbate pharmacokinetic 
parameters.

The noticed low increase of the achieved concentrations of 
ascorbate in plasma on infused dosage may be explained 
that such high doses will saturate the tubular ascorbate 
reabsorption and the sodium-dependent transporters, so 
the body excretes ascorbate more rapidly. Nonlinear renal 
clearance can in part to be responsible to produce such 
effect in plasma.

Survival time and blood parameters

Table 2 shows how various blood count and chemistry 
parameters measured prior to intravenous vitamin C ther-
apy (IVC) correlate with patient survival time.  In particular, 
we examined absolute lymphocyte count (ALC),neutrophil 
to lymphocyte ratio (NLR), lactate dehydrogenase concen-
tration (LDH), glucose concentration, ratio of immature 
neutrophils to total white blood cells (IN/WBC), albumin 
concentration, albumin to globulin ration (A:G), and cre-
atinine concentration, as these parameters are thought to 
be indicators of prognosis in colon cancer patients.  The 
Spearman correlation coefficients between all these values 
are shown in Table 2.

ally deficient in this vitamin.  Kinetic curves of ascorbate 
concentrations in blood during 21-28 days in the range 
of doses from lowest 150 mg/kg/day (approximately 10 
grams per day) to highest 710 mg/kg/day (approximately 
50 g per day), averaged for all patients in these dosage 
groups, are presented in Figure 1.  Plasma AA concentra-
tions increased initially (over a period of one to four days) 
and then appeared to reach of steady state of between 
1.0 and 1.6 mM. Concentrations in this range are consis-
tent with what are thought to be necessary for anti-cancer 
effect (Dua et al., 2012).

Figure 1. Average ascorbic acid concentrations (mM)  
for doses of 150 mg/kg, 290 mg/kg, 570 mg/kg, and  
710 mg/kg plotted against time.

Increasing dosages did not have a dramatic effect on the 
steady state ascorbate concentrations.  The mean values 
for subjects given 150, 290, 570, or 710 mg/kg/day were

Table 2. Spearman correlation matrix between measured blood parameters and survival of the patients.   
Spearman correlation coefficients between patient survival time and various blood parameters measured in 
colon cancer patients prior to treatment are indicated. Blood parameters are: absolute lymphocyte count (ALC), 
neutrophil to lymphocyte ratio (NLR), lactate dehydrogenase concentration (LDH), glucose concentration, ratio 
of immature neutrophils to total white blood cells (IN/WBC), creatinine concentration, uric acid concentration, 
albumin to globulin ratio (A:G RATIO), and albumin.  Strong and moderate correlations, as defined in Methods,  
are indicated in bold type. 

 	 survival 	  ALC	 NLR 	 LDH 	 glucose 	 IN/WBC 	 creatinine	 uric acid

survival 	 1	  	  	  	  	  	  	  
 ALC	 0.311	 1	  	  	  	  	  	  
NLR 	 -0.386	 -0.57	 1	  	  	  	  	  
LDH 	 -0.78	 -0.271	 0.336	 1	  	  	  	  
glucose 	 -0.37	 -0.419	 0.399	 0.131	 1	  	  	  
IN/WBC 	 -0.329	 -0.188	 0.129	 0.146	 0.14	 1	  	  
creatinine	 0.679	 -0.036	 -0.102	 -0.495	 -0.182	 -0.569	 1	  
uric acid	 -0.214	 -0.014	 -0.131	 -0.111	 0.011	 0.07	 -0.124	 1
A/G ratio	 0.462	 0.254	 -0.301	 -0.117	 -0.031	 -0.26	 0.452	 0.06
albumin	 0.506	 0.405	 -0.646	 -0.302	 -0.216	 -0.328	 0.293	 0.282
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is lower for subjects with more abnormal values of the 
parameters ALC, NLR, LDH, IN/WBC, creatinine, or albu-
min.  The exception was subject 2, who survived 453 days 
despite starting treatment with low ALC and elevated NLR.   
Her ALC returned to normal during treatment, and her NLR 
reduced from 6.5 to 4.5 during treatment.

Based on this analysis, we investigated the effect of the con-
tinuous IVC treatment parameters correlated with survival.

Figure 2(b). Survival time for each subject plotted against the 
number of parameters (see Figure 2A) outside normal range.

Effect of continuous infusion on absolute lymphocyte 
and neutrophil counts  and neutrophil to lymphocyte 
ratio

As lymphocytes and neutrophils have important roles in 
tumorigenesis and carcinogenesis, we tracked the ALC 
and NLR during intravenous ascorbate infusions.  In che-
motherapy, neutrophil and lymphocyte counts typically 
decrease, with the effect being more severe for lympho-
cytes. Higher NLR values indicate lower survival times (An 
et al., 2010).

The effect of continuous infusions on the absolute lym-
phocyte count (ALC) was analyzed for all 17 terminally ill 
colon cancer patients. Ten  patients enrolled in the study 
had lymphopenia or absolute lymphocyte counts less than 
1300 cells/µl (normal range 1300-4000 cells/µl) with severe 
lymphopenia (ALC < 1000) observed in seven subjects.  Six 
of the seven with severe lymphopenia saw improvement 
in ALC during ascorbate therapy (at an average increase  
of 53%).

The data of the patients’ lymphocytes one week before 
treatments, at the beginning and end of the treatment, 
and at the end of the treatment are shown in Table 3.

The percentage of change in ALC was calculated based on 
the pre-treatment ALC (6-12 days before intervention), ini-

Several blood chemistry parameters correlated with 
patient survival time.  LDH showed a negative correlation 
with survival (rs = -0.78), while creatinine (rs = 0.68) and 
albumin levels (rs = 0.51), along with the A:G ratio (rs = 
0.46), showed strong positive correlations with survival. 
There was “weak” negative association between survival, 
NLR, immature neutrophils, glucose (rs in range -0.33÷-
0.39)  and  positive association with  ALC (rs= 0.31).

Univariate regression analysis indicated significant associ-
ations between survival and LDH (p < 0.04), creatinine (p 
< 0.006), albumin to globulin ratio (p<0.006) and albumin 
(p<0.02). The other variables showing correlation with sur-
vival, albeit at not quite 95% confidence level, included 
ALC (p = 0.16), NLR (p = 0 .13), glucose concentration (p = 
0.13), and IN/WBC (p = 0.22).

To demonstrate the prognostic value of these parame-
ters, we compared survival times of subjects with normal 
parameter values to those with parameter values outside 
the normal range.  Results are shown as box and whisker 
plots in Figure 2A.  For each of the parameters depicted, 
subjects with values in the normal range had significantly 
better survival rates than those with abnormal parameter 
values.  Survival times were reduced for subjects with ALC 
below 1000 cells/L, NLR above 3.5, LDH above 250 U/L, IN/
WBC above 0.05, creatinine concentrations below 0.8 mg/
dL, and albumin levels below 3.5 g/dL.

Figure 2(a). Survival time (days) of colon cancer patients 
with normal (clear boxes) or abnormal (shaded boxes) blood 
chemistry parameter values. Normal vs. Abnormal cutoffs: 
ALC < 1000 cells/ul, NLR < 3.5, LDH < 250 U/L, IN/WBC < 5%, 
creatinine < 0.8 mg/dl, and albumin < 3.5 g/dl.

Figure 2B shows the cumulative effect of multiple abnor-
mal parameter values. Survival time is plotted against the 
number of blood parameters plotted in Figure 2A that 
were in the abnormal range for each subject.  For all but 
one subject, there is a strong correlation:  survival time 
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Figure 3. Percent change in ALC and NLR before treatment 
compared to during IVC therapy in colon cancer patients who 
began treatment with abnormal values in each parameter.

In addition, we calculated the neutrophil-to-lymphocyte 
(NLR) ratios, as NLR is useful prognostic factors in a variety 
of cancers.  The values of NLR were defined from neutro-
phil and lymphocyte measurements one week before 
treatment, at the beginning of the treatment, one week 
after intervention and averages values for four weeks of 
treatment.  Table 3 shows the NLRs for each of the seven-
teen subjects.

For NLR, values appear to be rising in the week leading up 
to therapy, suggesting a poor prognosis for these subjects.  
Initially, IVC decreased NLR, a positive sign in light of the 
negative correlation between NLC and survival shown in 
Table 2.  Immediately prior to the onset of IVC therapy, 12 
subjects had above normal NLR levels (0.78 – 3.53). The 

tial ALC values and the ALC at the end of the treatment. The 
average improvement of ALC during treatment was 28% 
(IQR: -20% ÷ 73%) in comparison with a decrease by an 
average of -10% (IQR: -25%÷ 13%) in the week immediately 
before treatment. Distributions of the percent change of 
ALC before and after treatment are shown in Figure 3.

Data in Figure 3 indicate that values appear to drop in the 
week leading up to treatments, but improved during the 
course of treatment.  This is a positive sign in light of the 
positive correlation between ALC and survival shown in 
Table 2.

Absolute neutrophil counts for most of the patients before 
intervention were in normal range (2000-7000 cell/ul), with 
exception of the elevated values for four patients (7180-
9400 cells/ul). Two patients with elevated ANC have seen 
decrease in ANC and for two others ANC stayed at the level 
9500-9900 cells/ul.

In addition, we evaluated the change in the level of imma-
ture granulocytes during intervention.  Manual counts of 
immature neutrophils were obtained to allow evaluation of 
infection and the effect of treatment on inflammation.  In 
our study we calculated the ratio of immature neutrophils 
to total white blood cells (WBCs).  The level of immature 
granulocytes is considered high, when patients have more 
than 2% immature granulocytes in white blood cell count. 
The ratio of immature neutrophils to total white blood 
cells (IN/WBC) was above normal in ten patients, with the 
median value in these subjects being 7.5% (IQR = 4.9% to 
12.6%).  Treatment reduced these values to a median of 
3.4% (IQR = 0.4% to 4.6%).

Table 3. Time course of ALC and NLR values in colon cancer patient given IVC infusions. ALC 1 = value  
1 week pre-treatment;  ALC0 = value at treatment start;  ALCF = value at treatment end;  NLR 1= value 1 week  
pre-treatment; NLR0 = value at treatment start; NLR1 = value after 1 week treatment; and NLR4 = values  
averaged over 4 weeks treatment. ” i” marks NLR decrease during treatment. 

	 ALCP	 ALC0	 ALCF	 NLRP	 NLR0	 NLR1	 NLR4	 Trend 

subject 1	 1230	 980	 1056	 4.73	 5.64	 5.00	 6.22 ± 0.87	
subject 2	 1512	 972	 1055	 3.19	 6.50	 4.29	 4.54 ± 0.36	 i
subject 3	 ND	 1261	 755	 ND	 5.69	 5.92	 7.46 ± 1.09	
subject 4	 1400	 1590	 1270.2	 2.07	 1.87	 2.46	 2.33 ± 0.12	
subject 5	 2232	 1971	 1795.2	 1.74	 2.07	 2.27	 2.65 ± 0.33	
subject 6	 420	 518	 897	 13.67	 12.29	 6.23	 6.23	 i
subject 7	 1296	 1560	 1044	 6.75	 15.00	 9.11	 ND	 i
subject 8	 ND	 944	 1751	 ND	 4.56	 ND	 5.86 ± 0.55	
subject 9	 1850	 1494	 3843	 2.48	 3.89	 ND	 2.94 ± 0.42	 i
subject 10	 4712	 4712	 7752	 2.30	 2.00	 1.84	 2.12 ± 0.39	
subject 11	 2048	 2205	 1610	 2.00	 1.00	 1.88	 2.31 ± 0.48	
subject 12	 ND	 936	 915	 ND	 3.67	 2.33	 3.86 ± 0.89	
subject 13	 2162	 1168	 1584	 2.74	 4.31	 2.95	 2.71 ± 0.40	 i
subject 14	 1045	 1188	 572.5	 3.68	 3.32	 3.85	 5.05 ± 0.61	
subject 15	 1178	 1311	 1605	 4.05	 3.84	 3.74	 3.27 ± 0.25	 i
subject 16	 496	 624	 1075.2	 ND	 3.84	 ND	 3.94	
subject 17	 1170	 902	 2058	 4.80	 6.91	 2.95	 4.51 ± 0.52	 i
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of IVC on plasma glucose concentration is shown in Figure 
4, where the average percent change in glucose concen-
tration from the pre-treatment value is plotted against the 
initial glucose concentration.

Figure 4. Percentage of plasma glucose concentration 
change during IVC therapy as function of pre-treatment 
glucose concentrations (mg/dL). The line represents the linear 
extrapolation of the data.

Patients with elevated initial glucose levels tended to see 
their glucose concentrations decrease during treatment, 
while those with initial levels below 90 mg/dL saw increases 
during treatment.  For patients with above-normal 
pre-treatment glucose concentrations, plasma glucose 
concentrations decreased by an average of 21% (IQR = 
-31% to +13%) during treatment. The most dramatic 
decreases in glucose levels occurred when the initial glu-
cose concentrations were at their highest.  Hypoglycemia 
was not an issue for most patients.  Four subjects with ini-
tial level of glucose 83 mg/dL to 108mg/dL saw glucose 
concentrations dip to levels of 47 – 65 mg/dl on days 9 and 
16; these dips were corrected to normal levels by physician 
intervention.  A fifth patient initial at 87 mg/dl glucose 
developed hypoglycemia (56 mg/dL) on day 59.

IVC treatments corresponded to significant reductions in 
serum uric acid (UA), noticeable as early as the first week 
after treatment.  Recent evidence has demonstrated that 
elevated serum uric acid (hyperuricemia) is associated 
with excess cancer risk, recurrence, and mortality (Dovell 
et al., 2018; Strasak et al., 2007). Although uric acid can 
function as a systemic antioxidant, its pro-inflammatory 
properties have been postulated to play an important 
role in the pathogenesis of cancer. During treatment all 
patients experienced a significant uric acid lowering effect. 
The median values of UA were 5.1 mg/dL (IQR = 4.3 to 5.7) 
before treatment and 2.2 mg/dL (IQR = 1.4 to 2.7) after one 
week of treatment. The reduction of UA after one week 

improvement in the NLR during treatment is shown as 
down marks (DN) in the Table 3.  Continuous ascorbate 
infusion resulted in improvement of NLR in seven of the 12 
patients who showed abnormal NLR values initially.    For 
other subjects, NLR increased during as treatment time 
increased, however, though the final NLC values tended to 
be no worse than the initial values.  This suggests that NLC 
could be stabilized to some extent by IVC. 

The percentage of NLR change for patients with NLR higher 
than normal range was calculated before and after 4 weeks 
of treatment. The changes in ALC and NLR for each sub-
ject in the week prior to therapy (ALC-1 – ALC0 and NLC-1 
– NLC0) were compared to the changes during treatment 
(ALCF – ALC0 and NLC4 – NLC0) are shown in Figure 3 for 
subjects who started treatment with abnormal levels of 
each parameter.  For these subjects, IVC therapy tended to 
move parameter values in the right direction for improv-
ing prognosis, changing decreases in ALC to increases, and 
changing increases in NLR to decreases.

These data suggest that continuous ascorbate treatment 
can result in the suppression or prevention of the progres-
sion of the rate of growth of NLR.

Effect of ascorbate on blood chemistry parameters

LDH is elevated in many types of cancers; it has been 
linked to tumor growth, maintenance, and invasion (Suh 
et al., 2007). Regression analysis in the present study (Table 
2) demonstrated a significant correlation between colon 
cancer patient survival time and LDH (P < 0.004).  Subjects 
with LDH values within the normal range (140 to 280 U/L) 
had a median survival time of 277 days (IQR = 150 to 412) 
while subjects with elevated LDH values had a median sur-
vival time of 90 days (IQR = 44 to 143).  LDH concentrations 
before IVC therapy were above the normal range in 56% of 
the patients. For all subjects, the median LDH was 340 U/L 
(IQR = 163 to 936) prior to therapy and 421 U/L (IQR = 164 
to 856) after treatment.   Overall, nine subjects showed con-
tinued increases in LDH while six showed an LDH decrease 
(one subject identical LDH levels pre and post treatment, 
and no data was available for one subject).

We compared the rate of change of LDH before and after 
intervention for six patients who had pre-treatment values 
of LDH available. For five patients in this group, the rate of 
growth defined (the weekly change in LDH) went down 
from a range of 8.0 to 30.0 U/L/week pre-treatment to a 
range of 3.7 to 4.5 U/L /week post-treatment.

Hyperglycemia is common in cancer patients. Sixty percent 
of the colon cancer patients in our study had above nor-
mal blood glucose concentrations (>100mg/dl). The effect 
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Albumin was below normal range (3.5 to 5.0 g/dL) in 7 
patients (median = 3.3 g/dL, IQR = 3.2 to 3.4).  In  10 patients 
with albumin levels within the normal range, the median 
value was 3.9 g/dL (IQR = 3.7 to 4.1g/dL).    As it was shown 
in Table 2 and Figure 2 albumin has a prognostic value of 
in our colorectal cancer patients. The relationship between 
albumin levels and survival evaluated by Spearman correla-
tion coefficient was 0.5 and p-value <0.02. The correlation 
of initial value of albumin with the survival of patients is 
shown in Figure 5A.

During IVC therapy, albumin levels decreased in the below 
normal group by roughly 4.6 % on average.  In the group 
with initial albumin in normal range, the decrease was, 
on average, 8.3%.    Albumin levels were also decreasing 
in most of these subjects prior to therapy. The median val-
ues of the change in albumin were -5.64% (IQR:-6.6÷-0.64) 
before treatment and -4.2% (IQR:-9.1÷+0.22) for average 
values during treatment.  Wicoxon signed-rank test indi-
cated that the difference in these rates of change were not 
statistically significant (p<0.8).  In summary, we do not have 
evidence that IVC affected albumin levels in this study.

Creatinine concentrations averaged 0.85 mg/dL (IQR = 
0.75 to 0.98 mg/dl) before intervention and 0.72 mg/dL 
(IQR = 0.64 to 0.85 mg/dL) during intervention. The aver-
age decrease in creatinine during treatment was 14% (IQR 
= -4% to -24%), a statistically significant change (p<0.001).  
Thus, intervention did not prevent decreases in creatinine 
during this study.

discussion

We analyzed data of seventeen colon cancer patients from 
the Phase I clinical trial given continuous IVC infusions. The 
eight-week trial involved terminal patients with poor prog-
nosis: its primary aim was to assess risks and determine 
safety of continuous ascorbate injections. Considering 
recent interest in potential biological effects of vitamin 
C on cancer survival and improvements in quality of live, 
we analyzed previously unpublished data from this study 
concerning blood count and blood chemistry parameters 
in the subgroup of colon cancer patients in this study. Our 
purpose was two-fold: to see if these parameters served as 
prognostic indicators of survival for colon cancer patients in 
the study, and to determine there were any improvements 
in parameter values for these subjects during IVC therapy. 
Most practitioners using IVC to treat cancer administer it 
by bolus IV infusion at doses of 15 to 100 grams given over 
a one-hour period, with the goal of reaching roughly 20 
mM plasma concentrations peaks. The Riordan clinical trial, 
in contrast, used continuous infusions, with doses starting 
at 10 grams per day. As shown in Figure 1 above, treat-

of treatment depended on the dosage of the AA and was 
in the range 30-45% for low dosage 150 mg/kg/day to 
60-80% for the highest dosage 710 mg/kg/day.

Two other blood chemistry parameters that correlate with 
survival in our study were serum albumin and creatinine.   
Serum albumin is generally used to assess the nutritional 
status, severity of disease, disease progression and prog-
nosis. Creatinine is a metabolite of L-carnitine, which plays 
a central role in the metabolism of fatty acids. Low serum 
creatinine and carnitine levels are associated with the mus-
cle wasting in cancer patients and is particularly severe 
in patients with colon and pancreatic cancers.  Our data 
demonstrated high correlations between carnitine levels 
and survival colon cancer patients (r=0.679, p<0.006). The 
correlation of initial (pre-treatment) creatinine and albu-
min levels with survival time is shown in Figure 5(a, b).

Figure 5(a). Correlation of colon cancer patient survival with 
initial levels of albumin and creatinine.

Figure 5(b). Correlation of colon cancer patient survival with 
initial levels of albumin and creatinine.
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the body’s systemic inflammatory response to the malig-
nancy. In our group of patients, seven patients had level 
of albumin lower than normal range with tendency to 
decrease on average on 8.3% during intervention.

Creatinine was found to be another prognostic parame-
ter of survival for late stage colon cancer patients (r=0.68, 
p<0.006).  Low serum carnitine levels have been suggested 
to play an important contributory role in the development 
of cachexia, a paraneoplastic syndrome presented in 80% 
of terminally ill patients and markedly associated with 
adverse prognosis and shortened survival time (Davis et 
al., 2000). Our patients had 14% average decrease in the 
creatinine levels during treatment.

Another potential biomarker of patients’ survival was the 
level of lactate dehydrogenase (r=-0.78). Concentrations of 
lactate dehydrogenase, an enzyme that catalyzes the con-
version of pyruvate to lactate and is thus considered as a key 
checkpoint of anaerobic glycolysis, are elevated in many 
types of cancers. LDH has been linked to tumor growth, 
maintenance, and invasion (Suh et al., 2007). The signifi-
cance of the LDH as a prognostic factor for survival time 
of terminally ill cancer patients was demonstrated earlier 
(Miao et al., 2013). Only six patients showed the decrease 
in the level of LDH during treatment; however, the rate of 
growth of this parameter in patients with LDH higher than 
normal range was decreased in most of patients.

Analysis of white blood cell counts for colon patients in 
our trial provided two main observations: patient lympho-
cytes tended to decrease with time prior to therapy; and 
patients who had below normal lymphocyte counts at the 
onset of therapy tended to see an increase in lymphocyte 
numbers during IVC treatment. The average improvement 
of ALC was 28% (IQR: -20% ÷ 73%) after treatment in com-
parison with the average decrease of -10% (IQR: -25%÷ 
13%) before treatment. Severe lymphopenia was mea-
sured in seven patients before intervention with average 
53% improvement after treatment. The present analysis 
demonstrated the regulatory effect of continuous IVC on 
ALC and lymphopenia and suggested a strategic benefit 
of using medium IVC doses in continuous infusions for 
improvement immune cell counts.

Analysis of neutrophil-to-lymphocyte ratios also demon-
strated a potentially beneficial regulatory effect of 
continuous IVC on the immune cell population. NLR has 
been used to assess inflammatory response.  In the present 
study, most of the patients entered the trial with above nor-
mal NLRs. Continuous IVC therapy decreased NLR in seven 
of 12 patients who had initially above-normal NLR levels.

ment of patients by continuous IVC increased the level of 
plasma vitamin C to the order of 1 mM, with the leveling 
concentration of AA in plasma after first or second day of 
treatment and without significant dependence of plasma 
AA on the dosages of infusion. At millimolar concentra-
tions, ascorbic acid has been shown to have pro-oxidant 
properties, to be selectively toxic to tumor cells, and to 
correlate with decreased tumor growth in vivo (Casciari et 
al., 2005). Maintenance of these plasma ascorbic acid levels 
can likely replenish depleted tissue AA stores and stimulate 
anti-tumor activity through multifunctional mechanisms 
of action, such as stimulation of the 2-oxoglutarate depen-
dent dioxygenase family of enzymes, which regulate the 
hypoxic response and collagen stabilization, and the epi-
genetic histone and DNA demethylation (Young et al., 
2015; Kuiper et al., 2014). There are studies supporting 
the anti-tumor effect of AA at concentrations below the 
pharmacological plasma peaks observed in bolus IVC. 
For example, ascorbic acid can inhibit hypoxia-inducible 
factor-1 (HIF-1) activation at dose 1–3 mM (Myllyla et al., 
1978).  Analysis of ascorbic acid as a cofactor for hydrox-
ylases that regulate gene transcription and cell signaling 
pathways shows that AA concentrations much less than 1 
mM cause dose-dependently increases in the 5-hmC signal 
(Minor et al., 2013). In summary, the continuous infusion 
of IVC at doses used in this pilot clinical trial (10 – 50 g/
day) lead to sustained plasma AA concentrations (1.0 to 1.6 
mM) that, based on substantial experimental evidence, are 
likely sufficient for anti-tumor effects.

In the present study, we evaluated the initial blood chem-
istry parameters as prognostic factors of patients’ survival. 
According to our data the strong correlation with survival 
was found for LDH, creatinine and albumin levels. The 
other variables that showed weaker correlation with sur-
vival included ALC, NLR, glucose, and IN/WBC. Our data 
show the cumulative effect of multiple abnormal param-
eter value.

The above results of the prognostic value of hypoalbu-
minemia in colorectal cancer is consistent with previous 
studies, and serum albumin level has been found to be an 
independent prognostic factor for survival in various can-
cers including colorectal cancer (Heys et al., 1998). In cancer 
patients, serum albumin continues to be used clinically to 
assess nutritional status, severity of the disease, disease pro-
gression, and prognosis (Narsha et al., 2015). Association of 
lower albumin or albumin-to-globulin ratios with poorer 
survival are also in favor of a tilt towards proinflammatory 
states as the cause of morbidity and mortality. Basic and 
clinical research results suggest that hypoalbuminemia, 
malnutrition and cancer cachexia are all consequences of 
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survival, including ALC, NLR, and IN/WBC. IVC therapy was 
also associated with decreases in serum glucose and uric 
acid concentrations.

The use of continuous infusion IVC therapy in colon cancer 
patients thus warrants further study.

The weaknesses of the study were low number of patients, 
late stage of cancer (untreatable, metastatic colon cancer), 
the lack of a control group, and the likelihood that sub-
jects had immune systems that were damaged by prior 
treatments such as chemotherapy and irradiation. Future 
studies should be designed to address these issues.

conclusions

In conclusion, the analysis of the parameters that served as 
prognostic indicators of colon cancer patients’ survival and 
evaluation of the improvements of described parameters’ 
values for these subjects during IVC therapy demonstrated 
that continuous IVC infusions have benefit for colon cancer 
patients. Continuous ascorbic acid infusions showed the 
regulatory effect on absolute lymphocyte counts, lymph-
openia, neutrophil to lymphocyte ratio, level of immature 
neutrophils, rate of growth of lactate dehydrogenase in 
patients with elevated initial levels and hyperglycemia. 
The data suggested a strategic benefit of using dosages 
of ascorbic acid at less than intermittent high dose injec-
tions and regimen of continuous infusions for improving 
immune functioning and cancer biomarkers. In addition, 
our analysis demonstrated that continuous IVC can be 
administered safely.
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