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ABSTRACT

Background.Many cancer patients receive supplemental
ascorbate (vitamin C) in the belief that it synergizes the
anticancer effects of chemotherapy and reduces its toxicity.
Methods. A systematic review was performed to evaluate the
antitumoreffectsand toxicityofascorbate treatment.Medline
(1946 toMarch 2014), EMBASE (1947 toMarch 2014), and the
Cochrane central register (1993 toMarch2014)were searched
for randomized and observational studies.
Results. Of 696 identified records, 61 full-text articles were
screened and 34 were included. In total, 5 randomized
controlled trials (RCTs) (n5 322), 12 phase I/II trials (n5 287),
6 observational studies (n 5 7,599), and 11 case reports

(n5 267) were identified. Because of study heterogeneity, no
meta-analyses were performed. No RCTs reported any statisti-
cally significant improvements in overall or progression-free
survival or reduced toxicity with ascorbate relative to control
arm. Evidence for ascorbate’s antitumor effects was limited to
case reports and observational and uncontrolled studies.
Conclusion.There is no high-quality evidence to suggest that
ascorbate supplementation in cancerpatientseitherenhances
the antitumor effects of chemotherapy or reduces its toxicity.
Given the high financial and time costs to patients of this
treatment, high-quality placebo-controlled trials are needed.
The Oncologist 2015;20:210–223

Implications for Practice:Manycancer patients receive ascorbate (vitamin C) in conjunctionwith chemotherapy.There is no high-
qualityevidence to suggest thatascorbateeitherenhances theantitumoreffectsofchemotherapyor reduces its toxicity.Given the
high financial and time costs of ascorbate, patients should be made aware of the paucity of data. Until high-quality placebo-
controlled trials are completed, the use of ascorbate cannot be recommended.

INTRODUCTION

Since the 1950s, ascorbate (vitamin C) has been proposed to
have anticancer effects [1]. Although epidemiological evi-
dence suggested that ingestion of ascorbate-rich foods might
have an association with reduced cancer incidence [2–5], this
was not confirmed in randomized intervention trials [6–8]. As
a cancer treatment, ascorbate also has a convoluted history. In
1974,CameronandCampbell [9] treatedpatientswithavariety
ofadvancedcancerswith“high” (10gperday)dosesoforaland
i.v. ascorbate. Several responses were observed, and sub-
sequently two case series of cancer patients were evaluated.
The data suggested a possible survival benefit when advanced
cancerpatients’ treatmentwassupplementedwithoraland i.v.
ascorbate [10, 11]. One of the authors of these two series was
Linus Pauling, a double Noble Prize winner who is regarded by
some as one of the most influential scientists of the 20th
century. Despite this, the published data were retrospective
and were gathered in an uncontrolled, open label study. Two

subsequent placebo-controlled trials using the same dose of
oral ascorbate therapy were both negative [12, 13], and
interest in the use of ascorbate in cancer patients de-
clined. Subsequent preclinical and clinical studies re-
generated interest in ascorbate’s potential role in both
enhancing the anticancer effect of chemotherapy and re-
ducing chemotherapy-induced side effects [14].The biological
rationale has been that high plasma concentrations of as-
corbate can only be achieved with i.v. administration, and
hence this route has been increasingly used [15, 16].

Many cancer patients currently receive supplemental oral
and i.v. ascorbate in the belief that it synergizes the anticancer
effectsofchemotherapyandreduces its toxicity [17].However,
ascorbate is associated with significant costs to the patient,
both financially (in the U.S. in 2007 sales of vitamin C alone
reached $884 million [18, 19]) and in terms of time com-
mitment to receive repeated infusions, as well as potential
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toxicity. This systematic review was performed to explore
whether there is any evidence to confirm or refute a role for
ascorbate treatment in the management of cancer patients.

MATERIALS AND METHODS

Study Question and Inclusion Criteria
The study protocol was developed a priori among the
coauthors. The systematic review was designed to summarize
available information addressing the following research
question framed in the population, intervention, comparator,
outcome, and studydesign framework: “Based on randomized
and observational data, does administration of oral or IV
ascorbate in cancer patients demonstrate anti-tumour re-
sponse or quality-of-life improvement compared to treatment
with chemotherapy/standard therapy alone, placebo or as a
standalone treatment?”Thepopulationof interestwashumans
with a current diagnosis of cancer of any type and stage. The
intervention of interest was treatment with ascorbate (any
dose and any route of administration i.e., oral, i.v., or both).
Uncontrolled studies or controlled studies involving compar-
isons against no treatment, placebo, or other standard of care
therapieswereof interest.Outcomesof interest includedoverall
survival,progression-freesurvival,validatedmeasuresofquality
of life, validated markers of tumor response (e.g., Ki-67
proliferative index, tumor markers), and toxicity. Randomized
controlled trials (RCTs)wereofprimary interest; however, aswe
anticipated a paucity of such data, all study designs were
included in the initial search.

Literature Search
An experienced information specialist (R.S.) designed the
electronic literature search to identify relevant evidence. Ovid
Medline (1946 toMarch2014), EMBASE (1947 toMarch2014),
and the Cochrane central register of controlled trials (1993 to
March 2014) were searched to seek relevant citations. In
addition, the reference lists of related and retrieved papers
were reviewed to find additional relevant citations. The full
literaturesearchstrategyforMedline isprovidedinsupplemental
online Appendix 1.

Study Screening and Selection
Two reviewers (C.J., M.C.) screened all citations that were
retrieved from the literature search independently. The initial
review consisted of screening titles and abstracts only,
whereas the second step consisted of reviewing full-text
articles, when available, to confirm study selection. After each
stage, discrepancies were resolved by independent consulta-
tion with a third party (T.N.).

Data Collection and Quality Assessment
Data collection from the included studies was performed by
two individual reviewers (C.J., M.C.) using a standardized data
extraction template implemented in Microsoft Excel, and
discrepancies were resolved by an independent party (T.N.).
We collected the following information from each eligible
study: year of publication, trial design, number of participants,
participant details (type of malignancy, stage of malignancy),
vitamin C intervention (route of administration, dose, dosing
frequency, and duration of therapy), placebo or comparator

armdetails (drugname,dose, route, frequencyanddurationof
therapy), any additional concurrent treatments, primary
outcome, secondary outcome, outcome assessment details,
overall survival, progression-free survival, response rates,
quality-of-life data, toxicity data, safety data, and other
outcomes were collected along with the published author
conclusion. Study risk-of bias-assessment was assessed using
the Jadad scale for controlled clinical trials [20] and the
Newcastle-Ottawa scale for observational cohort or case
control studies [21]. Two independent reviewers (C.J., M.C.)
applied the scales to each relevant paper.

Data Analysis
Weplanned to carry out random-effectmeta-analyses if there
were opportunities to combine study data dependent upon
judgments of the clinical and methodological homogeneity of
included studies. Because of study heterogeneity in terms of
delivery and dosing of ascorbate, different cancer types and
mixed stages of the populations included, different outcome
measures, and key study design differences, the authors
judged that there were important clinical and treatment
differences among studies that precluded the data frommeta-
analysis. Consequentially, a narrative approach to summariz-
ing the data was used.

RESULTS

Eligible Studies
Theelectronic literaturesearch identified682uniquecitations.
Six duplicates were removed, and an additional eight citations
were retrieved from other sources. Initial screening of titles
and abstracts identified 61 citations that were considered
eligible for full-text review. After screening of full-text reports,
26 studies were excluded, and 34 were retained; one case
report was published in two different formats, and this case
was included as only one study [22, 23]. A full list of excluded
studies can be found in supplemental online Appendix 2.
Figure 1 presents a PRISMA flow diagram summarizing the
process of study selection [24]. Overall, 6 studies evaluated
oralascorbate (n53,694) [12,13,25–28],16studiesevaluated
i.v. ascorbate (n5 489) [29–44], and 13 studies combined oral
and i.v. ascorbate use (n5 4,380) [9–11, 22, 23, 45–52].

Studies of Oral Ascorbate

Characteristics
Six studies involving 3,694 patients were included [12, 13,
25–28] (Table 1).Three were randomized controlled trials [12,
13, 25], onewas aphase II study [27], onewas anobservational
study [26], and one was a case report [28]. Median year of
publication was 1993 (range, 1979–2013). Two RCTs used
a placebo arm as comparator [12, 13], one RCT used standard
therapyplusascorbateversusstandardtherapyalone [25], and
the three other studies had no comparator arm [26–28].
Median sample size was 68 (range, 1–3,405). The studies
included a range of patients including those with advanced
cancers of all types, early stage breast cancer, multiple
myeloma, and desmoid tumors. Three of the six studies used
concurrent therapy (chemotherapy [25, 27], surgery [28], and
endocrine therapy [28]). Five of the six studies documented
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thedoseof ascorbateused [12, 13, 25, 27, 28], ranging from1g
daily for 4 days of a 28-day cycle to 10 g daily, with amean daily
doseof6.3g.Theprimaryoutcomewasoverall survival in three
studies [12, 13, 26], in-breast response in one study [25], and
overall response and safety in one study [27]. The case report
did not list its primary outcome [28]. Risk-of-bias assessment
fororal ascorbatestudiesgenerally showedminimal riskofbias
(supplemental online Appendix 3).

Results
Two of the six studies using oral ascorbate (2.5 g orally q.i.d.
until progression/death) reported overall survival as the
primary outcome [12, 13] (sample sizes of 123 and 100,
respectively) (Table1).Bothof thesestudieswere randomized,
placebo-controlled studies. Neither study reported a statisti-
cally significant difference in overall survival associated with
the ascorbate treatment arm nor in secondary outcomes of
difference in quality-of-life or toxicity outcomes.

Twostudiesused response rates as their primaryoutcome
of interest [25, 27]. One measured in-breast response, and
the other measured overall response (a composite of

complete and partial response) The first of these compared
oral ascorbate (5 g orally b.i.d. daily for 84 days) given in
combination with cyclophosphamide, methotrexate, and
5-fluorouracil chemotherapy to chemotherapy alone [25]
(n 5 30, 15 patients in each arm). This study reported data
suggestive of a trend toward improved in-breast response
with ascorbate (mean change in tumor diameter of 3.53 cm
[60.73] versus 1.93 cm [60.77]) as measured using Vernier
calipers. The paper reports a statistically significant change
in tumor diameter, prechemotherapy to postchemother-
apy. The diameter of each tumor was taken as the mean
of the largest two diameters of that tumor. The study did
not report results from a statistical significance test
comparing the changes between groups but indicated
that the combined ascorbate-and-chemotherapy group
showed greater improvement than the chemotherapy-
alone group. The study also reported change in tumor
diameter by menopausal status in each treatment arm;
however, there were no patients who were premenopausal
in the ascorbate-plus-chemotherapy group, yet data were
reported for this group.

Figure 1. PRISMA flow diagram.
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The second study to report response rates used ascorbate
in combination with bortezomib and melphalan in first line
treatment of multiple myeloma [27] (n5 35). This single-arm
study reported an overall response rate of 74% (using the
European Group for Blood and Marrow Transplantation
criteria [53]) with combination therapy and a median
progression-free survival of 13 months (range, 2–221
months). Harris et al. [26] reported findings from a retrospec-
tive observational study of breast cancer survivors (n5 3405).
This study reported that higher levels of oral ascorbate intake
prior toadiagnosisofbreastcancerwereassociatedwith lower
mortality from breast cancer (hazard ratio 0.75 [0.57–0.99]).
Postdiagnosis intake of oral ascorbatewas not associatedwith
improved outcome. Finally, a case report by Itoh et al. [28] in
a patient with a desmoid tumor reported a combination of
ascorbate (1,500 mg orally daily), sulindac (400 mg daily), and
tamoxifen (30 mg daily) used both preoperatively and as
adjuvant treatment postsurgery. There was no regression in
tumor size preoperatively using the combination, and the
tumor recurred postoperatively.

Studies Using i.v. Ascorbate

Characteristics
A total of 16 studies including 489 patients evaluated i.v.
ascorbate (Table 2). One study was a randomized trial [29],
eight were nonrandomized phase I or II studies [31–37, 43],
onewas a cohort study [30], and six were case reports [38–42,
44]. The median year of publication was 2006 (range,
2002–2014). One study used standard therapy alone as
acomparator [29], oneobservational studycomparedpatients
who received i.v. ascorbate during their standard chemother-
apy and radiation therapy for early stage breast cancer to
patients who did not receive ascorbate therapy [30], and the
other 14 studies had no comparator arm [31–44]. Median
samplesize for thesestudieswas17 (range,1–153).Therewere
11 studies thatenrolledpatients diagnosedwith advancedand
metastaticdisease [29,31–38,40,43],whereas fourstudiesdid
not define disease extent [39, 41, 42, 44], and one studywas in
early stage breast cancer [30]. Both hematological and solid
organmalignancies were included, including four studies with
patients with multiple myeloma or lymphoid malignancies
[32–35]. Nine studies used i.v. ascorbate in combination with
chemotherapy [29, 30, 32–36, 43, 44], one study used
ascorbate in combination with surgery and radiation therapy
[42], one study used ascorbate in combination with other
multivitamins andnutritional supplements [31], andone study
reported no additional therapy [37], whereas four studies did
not report whether concurrent therapy was used or not
[38–41].The dose of ascorbate ranged from500mg i.v. daily to
100 g i.v. three times per week. One study dosed by plasma
levels of ascorbate [43], one study did not define the dose of
ascorbate given [41], and five studieswere dose finding or had
a primary endpoint of safety/toxicity [31, 32, 36, 37, 43]. One
study’s primary endpoint was quality of life [30] (measured by
symptom intensity score), and two studies used a primary
endpoint of tumor response [33, 34]. Six studies were case
reports and had no defined primary endpoint. Risk-of-bias
assessment for i.v. ascorbate studies generally showed a high
risk of bias (supplemental online Appendix 3).

Results
The results of the i.v. ascorbate studies are shown in Table 2.
Ma et al. [29] reported a randomized trial of patients with
stage 3 and 4 ovarian cancer receiving carboplatin and
paclitaxel chemotherapy (n5 25). Patients were randomized
to either i.v. ascorbate plus chemotherapy (n 5 13) or
chemotherapy alone (n5 12). The trial was not blinded. The
primary outcome of toxicity was reported to show a lower
number of average adverse events per encounter in the
ascorbate group. The ascorbate group did have many more
encounters than the control group; hence the denominator is
not comparable.There were significantly fewer grade 1 and 2
average adverse events per encounter in the ascorbate group
and no significant differences in terms of the incidence of
toxicities of other grades. Full toxicity data were not
presented. A trend toward an improvement in median over-
all survival was reported based on Kaplan-Meier analysis;
however, there were no corresponding numerical data
reported to provide additional insight. Median time for
disease progression/relapse was reported as 25.5 months in
the chemotherapy plus ascorbic acid arm and 16.75 months
in the chemotherapyplusplaceboarm (this differencedidnot
reach statistical significance).

Vollbrachtetal. [30] reportedquality-of-lifeoutcomes inan
observational study for patients with breast cancer receiving
standard chemotherapy and radiation therapy combinedwith
i.v. ascorbate compared with matched comparisons who
received standard chemotherapy and radiation therapy alone
(n5 125, 53 in the ascorbate arm and 72 in the nonascorbate
arm).Quality of lifewasmeasured by symptom intensity score
(as designed by the trial, with no published reports of
validation that we are aware of). Symptom intensity score
was improvedwith i.v. ascorbate comparedwith patients who
did not receive ascorbate during their treatment (p 5 .013).
Toxicity was also reduced in the ascorbate group with less
impairment to appetite (p 5 .046) and sleep (p 5 .005), less
fatigue (p5 .004), depression (p5 .017), andnausea (p5 .022)
in the ascorbate group. Ascorbate was anecdotally reported
to be well-tolerated.

Two studies assessing the benefits of i.v. ascorbate used
response rate as the primary outcome [33, 34]. Abou-Jawde
et al. [33] reported a single-arm study of i.v. ascorbate (1,000
mg i.v. daily for 5 days and then twice weekly for a maximum
duration of 9weeks) in combinationwith arsenic trioxide and
dexamethasone in patients with relapsed and refractory
multiplemyeloma (n5 20).This combination reported a 30%
response rate (complete and partial response). Overall, 10 of
20 patients developed grade 3 or 4 toxicity to combination
treatment. Toxicity caused by ascorbate was not defined.
Chang et al. [34] reported a similar study, conducted in
a heavily pretreated population with lymphoid malignancies
(n5 17), inwhich i.v. ascorbate (1,000mg daily for 5 days and
then twiceweekly) was givenwith arsenic. A response rate of
6% was observed (complete and partial response by In-
ternational Working Group criteria [54]), as well as severe
toxicities that includedmultiple grade 3, 4, and 5 events. The
trial was closed following the first interim analysis because of
lack of activity.

Two studies were primarily dose-finding studies. Stephen-
son et al. [31] reported a phase I study in patients with

©AlphaMed Press 2015
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advanced malignancies receiving i.v. ascorbate (n 5 17). The
recommended dose was 70–80 g/m2 3–4 times per week to
obtain optimal peak plasma concentrations of ascorbate. The
study reported a 19% stable disease rate and 81% progressive
disease (“stable disease” and “progressive disease” were not
defined in this publication), and only two patients completed
the entire 4-week study period. Grade 3 and 4 metabolic
toxicities were seen (hypernatremia, hypokalemia) related to
ascorbate. Bahlis etal. [32] reportedadose-finding studyusing
arsenic in combination with i.v. ascorbate in refractory
myeloma patients to define dosing of arsenic (n 5 6). He
reported a dose of 0.25 mg/kg per day of arsenic as an ap-
propriate dose. A partial response rate of 36% was observed
(response defined by previously published criteria [55]), and
therewere no observed toxicities above grade 2 (NCI common
toxicity criteria, version 2.0 [56]).

Four studies used safety and toxicity outcomes as their
primary outcome. Two similar studies by Welsh et al. [43]
(n5 11) and Monti et al. [36] (n 5 14) reported toxicity in
patients with advanced pancreas adenocarcinoma treated
with chemotherapy and ascorbate.Toxicitywas reported by
both studies as predominantly related to gemcitabine
chemotherapy and not secondary to ascorbate. Response
rates and survival duration in both studies were reported
only for patients who did not progress within the first
month of treatment and therefore are not reflective of
standard clinical trial reporting [57]. No partial or complete
response was seen; 50% of patients had stable disease
in the trial by Monti et al. [36], and mean overall survival
182 days (SD5 155 days).Welsh et al. [43] reported a 136
2-month mean survival in the 9 patients analyzed (mean6
SEM).

A trial by Wu et al. [35] in refractory myeloma, used
ascorbate 1,000mg i.v. daily for 5 days and then twice weekly,
in combination with arsenic trioxide (n5 20). This single-arm
study was reported in letter format only. A median overall
survival time of 11 months was reported [35].

The remaining six studies using i.v. ascorbate were case
reports and case series [38–42, 44]. These papers included
patients with a variety of malignancies and stages, some of
whom received concurrent treatments and some of whom
did not. Outcomes varied from study to study, including
tumor responses, toxicity, and a number of other measures
[39–42, 44] (Table 2). One study by Nangia et al. [38] reported
acute oxalate nephropathy related to ascorbate administration
requiring hemodialysis [38]. Another report of 153 separate
cases over a 16-year period reported no adverse effects but did
not report efficacy data [41]. A further case series of 45 patients
with varying stages of malignancy receiving ascorbate 6
concurrent therapy reported a decrease in C-reactive protein
level with ascorbate in 76% of patients receiving ascorbate (6
13%) [39].

Combined Oral and i.v. Ascorbate Studies

Characteristics
Twelve studies used both oral and i.v. ascorbate (n 5 4,380
participants) (Table3).One studywasa randomized controlled
trial [45], three were nonrandomized phase I or II studies
[48–50], four were observational studies [10, 11, 46, 47], and

four were case reports [9, 23, 51, 52]. The median year of
publication was 1991 (range, 1974–2012). Five studies had
a comparator arm [10, 11, 45–47]; in three studies this was
a matched population who had not received ascorbate [10,
11, 46], in one study the comparison made was high dose
versus low dose and no ascorbate [47], and in one study
ascorbate was the control arm compared with ascorbate and
a further investigational compound [45]. The median sample
size was 46 (range, 1–1,826). Nine studies enrolled patients
with advancedmalignancies [10, 11, 45–48, 50–52], whereas
three studies did not define the extent of disease [9, 23, 49].
A total of four studies used concurrent anticancer therapy
[9, 45, 49, 52], two studies used concurrent multivitamins
[48, 52], six studies did not define additional and concurrent
treatments used [10, 11, 23, 46, 47, 51], andone studydid not
allow any additional treatment [50]. The dose of ascorbate
ranged from 3 to 100 g of i.v. ascorbate with variable dose
intensity. The oral dose ranged from 1 to 30 g daily. The
primary outcome was survival in five studies [10, 11, 45–47],
quality of life in two studies [49, 50] (the European
Organization for Research and Treatment of Cancer Core
Quality of Life Questionnaire [EORTC QLQ C30] and global
impression of clinical change), and safety in one study [48].
Four studies did not define a primary outcome [9, 23, 51, 52].
Risk-of-bias assessment for studies of combined oral and i.v.
ascorbate generally showed a high risk of bias (supplemental
online Appendix 3).

Results
Of the twelve studies using both oral and i.v. ascorbate, five
reported survival as their primary outcome [10, 11, 44–46].
Zemskov et al. [45] treated patients with advanced pancreatic
cancer using i.v. (3 g on alternate days) and oral (800 mg t.i.d.
alternate days) ascorbate as a control arm, whereas the
investigational arm of their study used the agent Ukrain
(a semi-synthetic alkaloid from Chelidonium majus L. and
thiophosphoric acid triaziridide [45]) in combination with
ascorbate. Median overall survival for the combination arm
was 17.17months compared to 6.97months in the ascorbate-
only arm (p 5 .001; methods of statistical analysis not
reported). A response rateof0%was seen in theascorbatearm
(response was not defined in this study).

Fourobservational studieswere reportedusingboth i.v. and
oral ascorbate; two of these studies were by Cameron and
Pauling and used the same 100 patients matched to 1,000
control patients and a further different 1,000 controls [10, 11].
All patients had incurable malignancies. Details of concurrent
treatment were limited. Both studies reported improved
survival in the ascorbate-treated arm (most common ascorbate
treatment protocol was 10 g i.v. daily for 10 days and then 10 g
orally daily thereafter); the original study reported mean
survival as 209 days in the ascorbate-treated group versus 50
days for control, whereas the second study indicated durations
of 298 days versus 38 days of mean survival [10, 11]. A further
retrospective observational study by Cameron and Campbell
[46] in patientswith a variety of stages and types ofmalignancy
reported improved survival in patients who had received
ascorbate at any stage during their malignancy in three district
general hospitals compared with those who had not received
ascorbate during their malignancy. Mean overall survival was
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343 days in the ascorbate-treated group versus 180 days in the
control group (p, .0001 by log-rank test).

Murata et al. [47] reported an observational study of
terminally ill patientswhohad receivedeither low-dose (,4–5
gday;n569), high-dose (.4–5gday;n550), or noascorbate
(n5 19) at two separate hospitals in Japan. The results were
presented by hospital cohort, and patients were grouped as
having received either high-dose ascorbate (.4–5 g per day),
low-dose ascorbate (,4–5 g per day) or no ascorbate. The
authors reported average survival times of 105 days versus 35
days forhigh- versus low-doseandnoascorbate inonehospital
cohort and 118 versus 48 days in his second cohort of high-
versus low-doseandnoascorbate [47];noconfidence intervals
for survival times or statistical analysis was presented in this
paper.

Two studies administering both oral and i.v. ascorbate
reported quality-of-life data as their primary outcomes.
Takahashi et al. [49] included patients with undefined stages
and types of malignancies, many of whom were receiving
concurrent treatment, and analyzed quality-of-life data after 4
weeks of ascorbate using EORTC QLQ C30, version 3 [58, 59]
and the Clinical Global Impression of Change (CGIC) [60],
a physician-assessed endpoint. Patient reported quality-of-life
measures (EORTC QLQ C30) were improved after 4 weeks of
ascorbate (mean 44.66 27.8 before ascorbate, mean 61.46
243 after 4 weeks of therapy; p , .01); however, physician
assessment of well-being (CGIC) was reported as largely
unchanged (35% patients unchanged at 4 weeks and 48% of
patients minimally improved).

Yeom et al. [50] took patients with terminal malignancies
and evaluated quality-of-life outcomes after 1 week of
ascorbate therapy (10 g i.v. twice over 3 days and then 4 g
orally for 1 week) using the quality-of-life measure EORTC
QLQ C 30. Patients reported improved quality-of-life
measures after 1 week of ascorbate therapy (global health
score changing from 366 18 initially to 556 16 after 1 week
of ascorbate therapy; p 5 .001). One dose-finding study by
Hoffer et al. [48] used both oral and i.v. ascorbate. Patients
were treatedwith up to 1.5 g/kg per day i.v. ascorbate 3 times
per week along with oral ascorbate (500 mg b.i.d. orally on
noninfusion days). Ascorbate was reported to be well-
tolerated with the maximum toxicities being grade 2 (there
was no reference as to what toxicity grading scale was used).
No tumor responsewas seen.The fourotherstudiesusingoral
and i.v. ascorbate were case reports of a variety of
malignancies [9, 22, 23, 51, 52]. Patients were treated both
withascorbatealoneand in combinationwith chemotherapy.
A variety of outcomes were reported. Toxicity was also
reported, including ”dangerous” toxicity in the paper by
Campbell and Jack [51]; no grading criteria were used to
define this toxicity.

DISCUSSION

The absolute extent of ascorbate use in patients with
malignancy is unknown but widespread. One survey of 199
complementary medicine practitioners revealed that 172 of
these practitioners delivered ascorbate to 11,233 patients in
2006 and 8,876 patients in 2008.The average dose givenwas
28 g every 4 days for 22 doses per person [18]. The same
publication surveyedmanufacturers of ascorbate in the U.S.

and revealed that 750,000 vials (25 g per 50-mL vial) were
sold in 2006 and 855,000 vials were sold in 2008 by those
responding to the survey [18]. With the varying require-
ments for registration and licensure of practitioners of
complementary medicine and the classification of oral
ascorbate as a food by the Food and Drug Administration,
data on the number of patients receiving ascorbate is
difficult to accurately obtain. The anecdotal experience of
the authors would suggest it is commonly used by patients
while also receiving treatment for cancer at an academic
cancer center.

This systematic reviewwas performed to identify evidence
relatedto theuseofascorbate incancerpatientsand its impact
on clinically relevant and validated outcomes. Our search
identifieda totalof 5 randomizedcontrolled trials (n5322), 12
phase I/II studies (n 5 287 participants), 6 observational
studies (n5 7,599 participants), and 11 case reports (n5 267
participants) that assessed either oral ascorbate, intravenous
ascorbate, or both. Many studies were small. Heterogeneity
across included studies was considerable in terms of
study design, patient characteristics, ascorbate treatment
regimens, concurrent treatmentsadministered, andoutcomes
measured. Based on our review, we have found no consistent
evidence for an antitumor effect in terms of improved
response rates or improved survival outcomes and also
no evidence supporting an improvement in quality-of-life
measures associated with ascorbate use in patients with
malignancy in a controlled setting. We have found un-
controlled and anecdotal evidence for an antitumor effect
and improved quality of life for ascorbate use in patients with
malignancy.

We have found no consistent evidence for an
antitumor effect in terms of improved response rates
or improved survival outcomes and also no evidence
supporting an improvement in quality-of-life meas-
ures associated with ascorbate use in patients with
malignancy in a controlled setting.

Given the widespread use of i.v. ascorbate [17, 18], it was
surprising how few trials there are evaluating its use.The trials
identified were generally small, included a range of malignan-
cies, were nonrandomized, lacked a control group, and often
used a combination treatment of ascorbate with another
agent. Evidence for i.v. ascorbate as an anticancer therapy is
predominantly from observational and anecdotal studies [10,
11, 22, 46, 47]. We found no evidence for any statistically
significant anticancer effect of i.v. ascorbate based on data
from randomized controlled trials [29, 45].

There was evidence from nonrandomized studies sug-
gesting a possible quality-of-life improvement (improve-
ment in EORTC QLQ C30 measures) when i.v. ascorbate is
given to cancer patients [49, 50]. There was also a reported
improvement in a nonvalidated symptom score when
ascorbate is combined with chemotherapy in breast cancer
patients [30, 44]. However, again there are no randomized
data to support this finding.The lackofdouble-blindplacebo-
controlled trials means that it is impossible to know how
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much effect on quality-of-life scores is related to the effects
of the cancer, the chemotherapy, or other supportive care
interventions. In addition, there is variable reporting of
quality-of-life endpoints. We can therefore not exclude
a possible placebo effect. Ascorbate therapywas reported as
mostlywell-toleratedandsafe, but significant toxicitieswere
reported including cardiac arrest (grade 4), renal toxicity
(grade 3), andmetabolic abnormalities (grade 3 and 4) based
on data fromboth phase I/II studies and anecdotal reports of
113 patients.

To our knowledge, no previous review of ascorbate has
studied both the oral and intravenous routes of administra-
tion. A recently published review of high dose intravenous
ascorbate by Wilson et al. [61] suggests that evidence for
a therapeutic effect is ambiguous and based on case series. A
further systematic review of intravenous ascorbate in cancer
concludes theremay be evidence for improved cancer-related
outcomes including quality of life when given to cancer
patients, but high-quality evidence to confirm this is lacking
[62]. This is in keeping with our findings in this review.

Study Limitations
We chose to include both oral and i.v. ascorbate use in our
review. Pharmacokinetic studies of ascorbate suggest that
much higher levels of serum ascorbate can be achieved by
bypassing the oral route and usual mechanisms of homeo-
stasis. It is perhaps this high level unachievable by oral
administration that has the strongest scientific rationale for
antitumor effect [16, 63–65]. However, as demonstrated,
most studies were heterogeneous and incorporated both i.v.
and oral use of ascorbate. Having included all relevant
randomized trials, phase I/II trials, observational studies, and
case reports may be seen by some as a limitation to this
review based on the premise that the latter designs are
considered less rigorous in terms of design. The paucity of
randomized controlled studies, as well as the clinical and
methodologic heterogeneity of the available literature,
should be seen as limitations to the evidence base for
ascorbate use.

Because of the lack of randomized controlled data, we
attempted to further our evidence base by including
these trials. In the controlled studies, we assessed for risk
of bias; most studies scored poorly, failing to score well
with appropriate randomization and blinding or selecting

observational cohorts that were not well-matched or
analyzed. There is a clear need for additional rigorous
randomized controlled trials to establish the benefits and
harms of ascorbate.

CONCLUSION
We have identified no consistent evidence supporting the
existence of an anticancer effect of ascorbate when given
either orally, intravenously, or in combination to cancer
patients. There is weak evidence that ascorbate given
intravenouslymay improve thequalityof lifeofcancerpatients
and reduce the toxicity of chemotherapy. We have identified
potential serious toxicity of intravenous ascorbate. There is
also a lack of well-designed, randomized controlled trials
exploring this question. If practitioners continue to offer and
patients continue to pay for ascorbate therapy at the risk of
toxicity and even death [66, 67], then high-quality placebo-
controlled trials are needed. Until these trials are performed,
the role of ascorbate therapy in cancer patients remains
unsubstantiated. Patients should be honestly informed of this
and only treated within the confines of high-quality clinical
trials.
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CME This article is available for continuing medical education credit at CME.TheOncologist.com.

For Further Reading:
Yusuke Takagi, Yukio Hosomi, Kuniko Sunami et al. A Prospective Study of Shortened Vitamin Supplementation Prior to
Cisplatin–Pemetrexed Therapy for Non-Small Cell Lung Cancer. The Oncologist 2014;19:1194–1199.

Implications for Practice:
Routine supplementation with folic acid and vitamin B12, at least 1 week before the first pemetrexed administration, is
necessary to reduce its toxicity, but the procedure can cause treatment delay. In daily practice, some patients experience
disease progression before receiving planned treatment. Delayed start of pemetrexed-based chemotherapy can have
a negative impact on patient outcomes because pemetrexed is an indispensable component of standard chemotherapy for
non-small cell lung cancer. This study showed that the shortened vitamin supplementation before pemetrexed-based
chemotherapy was well tolerated and retained antitumor efficacy, confirmed by the analysis of baseline total plasma
homocysteine level.
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