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Abstract

Purpose Association between vitamins C (VC)/ E (VE) and cancer survival is inconsistent. This systematic review is aimed
to summarize trials for effects of VC/VE on cancer survival.

Methods Relevant English trials were retrieved from PubMed, Cochrane Library, Embase, Web of Science, Scopus data-
bases, and Clinicaltrials.gov through 21/June/2022. Inclusion criteria were all trials which assessed sole/combinations intake
of VC/VE on survival rate, mortality, or remission of any cancer. Exclusion criteria were observational and animal studies.
Results We reached 30 trials conducted on 38,936 patients with various cancers. Due to severe methodological heterogene-
ity, meta-analysis was impossible. High dose VC + chemotherapy or radiation was safe with an overall survival (OS) 182
days —21.5 months. Sole oral or intravenous high dose VC was safe with non-significant change in OS (2.9—-8.2 months).
VE plus chemotherapy was safe, resulted in stabling diseases for 5 years in 70- 86.7% of patients and OS 109 months. It was
found 60% and 16% non-significant reductions in adjusted hazard ratio (HR) deaths or recurrence by 200 mg/d tocotrie-
nol + tamoxifen in breast cancer, respectively. Sole intake of 200-3200 mg/d tocotrienol before resectable pancreatic cancer
was safe and significantly increased cancer cells’ apoptosis. Combination VC and VE was non-significantly reduced 7% in
rate of neoplastic gastric polyp.

Conclusion Although our study is supported improvement of survival and progression rates of cancers by VC/VE, more
high quality trials with large sample sizes are required to confirm.

PROSPERO Registration number CRD42020152795.

Keywords Vitamin C - Vitamin E - Cancer - Survival - Systematic review

Introduction

Globally, 19.3 million new cases and about 10 million deaths
related to cancer were reported in 2020. According to the
Global and Regional Estimates of the Incidence and Mor-
tality for Cancers (GLOBOCAN 2020), the global burden
of cancer is predicted to rise 47% over the next two dec-
ades (28.4 million cases) due to the aging population and
increase in the risk factors associated with globalization and
socioeconomic development [1]. As cancer is the leading
cause of death before the age of 70 years and its incidence
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and prevalence rates are both significantly in developed and
developing countries, efforts to provide efficient comple-
mentary cancer care is vital for global cancer control. Anti-
oxidants are proposed as potential therapeutic agents against
cancer [1, 2].

Existing evidence demonstrates that patients with cancer
experience vitamin C (VC) deficiency due to reduced oral
intake, co-occurrence of infection and inflammation, and
vitamin loss during the treatment process; administration of
VC, thus, should be included in oncologic care as a poten-
tial adjuvant therapy in order to improve quality of life in
patients [2, 3]. The metabolism of tumor cells could increase
the rate of reactive oxygen species (ROS). This is while VC
plays anti-tumorigenic roles via scavenging ROS, inhibit-
ing oxidative stress, and exerting local antioxidant effects
through killing tumor cells or restricting their growth and
metastasis [4—6]. Besides, vitamin c deficiency becomes
more severe after therapies such as surgery, chemotherapy
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and radiation [2, 7]. Therefore, quality of life in patients
with cancer is affected by the oxidative stress-associated
side effects including gastrointestinal disorders, anemia,
fatigue, mental disorders and lipid abnormalities [8]. Exten-
sive search in literature supports the idea that intravenous
injection of high doses VC could enhance the efficiency of
anti-cancer drugs or ameliorate their side effects [9, 10].
Moreover, some studies link higher VC intake with reduced
cancer mortality rate [11]. However, the therapeutic effects
of high-doses VC is still controversial and the interaction
between this nutrient and tumor cells remains unclear and
might be more complex than previously thought [12, 13].

Vitamin E (VE), a potent fat-soluble antioxidant that
could stop the production of ROS, is another candidate for
adjuvant therapy in cancer. This vitamin could be affect can-
cer cells apoptosis, reduce chemotherapeutic-induced ROS
and enhance the therapeutic effects of anti-cancer agents
[14—16]. Moreover, y-tocotrienol could help reverse multi-
drug resistance in cancer patients [17]. Noteworthy, various
VE isoforms are revealed to have different pharmacological
properties; i.e. tocotrienol is reported to possess superior
anti-inflammatory and antioxidant properties compared with
a-tocopherol [18]. Furthermore, potential anti-radiation
damaging properties are limited to tocotrienols [18]. How-
ever, the anti-tumor properties of VE are still unclear and
more studies are needed.

Several systematic reviews have assessed the anti-cancer
properties of VC or VE [19, 20], however, most of them are
conducted on both observational studies and clinical trials
[21-25]. This is while unbiased interpretation of the additive
value of VC and VE on the survival rate or progression of
cancer is required to conduct systematic review on a spe-
cific type of studies. The current comprehensive systematic
review was conducted on clinical trials alone to investigate
the effectiveness of single or combined VC and VE con-
sumption on various types of cancer.

Methods

This systematic review was registered in International Pro-
spective Register of Systematic Reviews (PROSPERO) with
the registration code CRD42020152795. A comprehensive
systematic search was carried out in PubMed, Cochrane
Library, Embase, Web of Science and Scopus databases
to find trials published up to 21 June 2022, assessing the
efficacy of sole or combined dietary antioxidative vitamin
C and E on cancer survival. In addition, we searched grey
literature; https://clinicaltrials.gov to avoid publication bias.
The search terms were “cancer”, “survival”, “vitamin C”,
“vitamin E”, along their Medical Subject headings (MeSH)
terms and Emtree limited to human. The trials were limited
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to English language ones. Details of the utilized search strat-
egy in Embase is shown as a supplementary file; Table S1.

The study was conducted according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guideline [26] (PRISMA 2020). Firstly, two
researchers independently screened the title and abstract of
the retrieved studies based on the inclusion and exclusion
criteria. Then, the full text of eligible studies was attained. If
the full text was not available, the authors were contacted via
e-mail. Thereafter, the hand searching of the reference list
of the included studies was performed. The data extraction
and quality assessment of the included studies are done by
two independent researchers. Possible disagreements were
resolved by discussion and consensus with a third researcher
or the corresponding author. The study was approved by the
Ethics Committee of Vice-Chancellor in Research Affairs-
Tehran University of Medical Sciences (IR. TUMS.VCR.
REC.1397.926).

All types of trials such as controlled (CTs) and rand-
omized controlled trials (RCTs) that met the following cri-
teria were included, (1) all trials that assessed the effects of
dietary antioxidative vitamins VC (ascorbic acid) and VE
alone or in combination with tumor responsiveness, includ-
ing survival rate, mortality, remission and stage of any can-
cer, (2) those reporting the relative risk (RR) or odds ratio
(OR) of the mentioned outcomes, and (3) those comparing
the effects of VC and VE with placebo or standard treatment
of cancer. Exclusion criteria consisted of (1) observational
studies, reviews, experimental, animal models, reports, and
letters, (2) all trials on the combination of other antioxidants
with VC and VE.

The following data were extracted; authors, year of pub-
lication, study design, the characteristics of the participants
(total number, age, gender), sample size of each group (inter-
vention or control), type of consumed vitamin, dosage and
duration of each treatment (intervention or placebo), sur-
vival, death or progression rates, and JADAD score. Any
discrepancy in data extraction was resolved through dis-
cussion or consulting with an expert. The methodological
quality of each included CTs/RCTs and also their risk of
bias were appraised using the JADAD scoring system, and
”Cochran risk of bias” by two independent reviewers[27,
28]. Clinical trials with JADAD score of <3 were consid-
ered as low quality. Due to heterogeneity among studies per-
forming meta-analysis was not possible.

Results

According to the PRISMA flowchart (Fig. 1), 30 articles
were included in the present systematic review [28-57].
Characteristics of the included trials and the results of their
Cochrane quality assessment are shown in Tables 1 and 2,
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Fig. 1 Flow diagram of the

study selection process

Records identified through
database searching
(n =3398)

Additional records identified through other
sources; reference lists and grey literature
(n=47)

Identification

[

]

Records after duplicates removed
(n=2224)

Eligibility Screening

Included

respectively. PRISMA checklist is available as a Supplemen-
tary file; Table S2.

The included studies were different phases of clinical
trials conducted on 38,936 patients with various primary,
advanced or metastatic cancers. Patients in 25 of these
studies [29-53] were supplemented with VC, four studies
[54-57] with VE and one [58] with combined VC and VE.
The participants in most of the studies were adults from both
genders, aged 19-93 years. The majority of the 25 trials
assessed the effects of the combination of VC and chemo-
therapy or radiation. Sole intake of VC was studied in 9
trials without any control group [34, 40, 41, 44-47, 51, 53]
and with placebo in another 4 trials [48-50, 52]. Most trials
included patients with advanced/metastatic stages of can-
cers; eight studies, however, included patients in primary
stages [30, 33, 44, 48, 50, 56-58]. Details of the included
studies are described in the following.

Sole intake of VC (oral or IV) was reported to be safe,
causing cancer progression in most studies, non-significant
reduction in death RR or improved OS [35, 40, 41, 45-52],
except for a non-randomized trial using simultaneous IV
and oral VC. The combination significantly increased
the survival rate (300 days) [53]. Sole intake of oral VC

A 4

Records excluded
(n =2087)

Records screened
(n=2224)

A

Full-text articles excluded,
with reasons
(n =107)

Full-text articles assessed
for eligibility
(n=137)

A 4

-non-related (n=84)

-observational (n=18)

- Incomplete (n=5)

A 4

Studies included in
qualitative synthesis
(n=30)

resulted in significant increase in regression RR: 3.3 (1.1,
9.5), or non-significant reduction in progression RR: 0.5
(0.2, 1.1) in patients with histologic multifocal atrophic
gastritis [48]. As for patients with newly diagnosed breast
cancer, however, a non-significant increase in death RR:
1.52 (0.72, 3.23) with no change in survival rate was
reported [50]. The combination of VC and chemotherapy
or standard anti-cancer regimen in patients with primary
cancer was safe and associated with a significant number
of complete remission, significant increase in median over-
all survival (OS) and significant decrease in death hazard
ratio (HR): 0.47 (0.26, 0.84) [30, 33, 44].

Sole intake of VC (mostly IV VC) was reported to be
safe with no sign of regression and even cancer progres-
sion in most patients. It also resulted in non-significant dif-
ference in median OS and significant increase in survival
in others [34, 40, 41, 45-47, 49, 52, 53].

The combination of high doses of VC and chemo-
therapy or radiation was reported to be safe, increasing
the median progression-free survival (PFS) from 89 days
in patients with stage IV pancreatic cancer [43] to 21.5
months in patients with glioblastoma [36]. Median OS was
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Table 2 Cochrane risk of bias item for each included trials
Study Random Allocation  Blinding of partici- Blinding of out- Incomplete Selective  Other bias
sequence gen-  concealment pants and personnel come assessment outcome data reporting
eration
Ou et al. 2020

Allen et al. 2019
Mikirova et al. 2019
Wang et al. 2019
Zhao et al. 2018
Nielsen et al. 2017
Polireddy et al. 2017
Schoenfeld et al. 2017
Hoffer et al. 2015
Kawada et al. 2014
Maet al. 2014
Stephenson et al. 2013
Welsh et al. 2013
Mikirova et al. 2012
Monti et al. 2012
Berenson et al. 2009
Hofter et al. 2008
Yeom et al. 2007
Riordan et al. 2005
Correa et al. 2000
Moertel et al. 1985
Poulter et al.1984
Murata et al. 1982
Creagan et al. 1979
Cameron et al. 1978
Thomsen et al. 2019
Springett et al. 2015
Nesaretnam et al. 2010
Lippman et al. 2009
McKeown-Eyssen et al. 1988
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Legend: H: High risk of bias; L: Low risk of bias; U: Unclear or unrevealed risk of bias

from 182 days in patients with stage IV pancreatic cancer
[43] to 21.5 months in patients with glioblastoma [36].

Comparing low or high doses of VC versus placebo,
the study also reported a non-significant increase (52%)
in adjusted HR death [50]. Significant increase in the RR
of cancer regression was reported in the Correa et al. [48]
study, in which atrophic gastritis was treated using 1 g/twice
daily oral VC: 3.3 (95% CI: 1.1, 9.5). High doses of VC
alone resulted in a non-significant change in the median OS
from 2.9 to 8.2 months after treating patients with advanced
colorectal and other terminal cancers for up to 26 months
[49, 51]. Most of the trials had low quality except 6 trials
[48, 49, 52, 56-58].

Among the four VE trials, cancer patients were treated
with combined VE and chemotherapy in two [54, 56], VE

and placebo in one [57] and VE alone without any control
group in one trial [55]. VE dosages were ranged from 200
to 3200 mg/d which used up to 12 years. The combination
of VE and chemotherapy was safe, resulting in no changes
in the disease progress for 5 years in 70-86.7% of patients
with refractory ovarian cancer, with a median PFS of 6.9
months and median OS of 109 months [54, 56]. In addi-
tion, a 60% non-significant reduction was noted in adjusted
HR death and a 16% non-significant reduction in HR recur-
rence among patients in early stages of breast cancer [56].
The consumption of 400 IU/d VE for about 8 years versus
placebo resulted in a 16% non-significant decrease in mor-
tality rate [57]. Sole intake of 200-3200 mg/d VE before
resectable pancreatic cancer was reported safe, resulting in
a significant increase in the apoptosis of cancer cells [55].
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Half of the trials, conducted on 35,773 subjects, were of
high quality [56, 57].

A single trial was designed to treat colorectal polyps with
a combination of VC and VE versus placebo for two years
[58]. The treatment led to a 14% non-significant reduction in
the number of any polyps and 7% in neoplastic polyps. The
study had a high quality, with a JADAD score of 5.

Discussion

The systematic review suggested that the existing literature
denotes the beneficial effects of VC, VE and their combina-
tions on the death, progression and survival rate of cancers.
In addition, the intake of antioxidative vitamins C and E in
phase I/II trials of different cancers are safe and tolerable.

The key role of oxidative stress in the pathogenesis of
cancers is well established. ROS and other free radicals
can mediate the phenotypic and genotypic changes in the
cells, from mutation to neoplasia through causing oxidative
damage to DNA and chromosomes [7]. Certain internal and
external defense mechanisms help to stop ROS formation
[59]. On the other hand, the internal antioxidant defense
system can be reinforced through external sources of anti-
oxidants. Thereby, adopting a healthy lifestyle through the
consumption of fruits and vegetables as natural sources of
antioxidants is recommended to help modify oxidative stress
and prevent cancer [60—62]. From among the antioxidative
vitamins, different forms of VC and VE, ranging from die-
tary supplements to infusion in pharmacological doses, are
consumed by cancer patients [63].

VC and cancer survival

VC is a water-soluble vitamin with active transport abili-
ties. Thereby, its intake and distribution in the body is sim-
ple. Moreover, VC intake is essential to prevent deficiency
due to its high turnover rate, especially during the illness,
and its storage in body being impossible. Low levels of VC
are noted in both plasma and tissue of cancer patients [7,
64]. Overall, two mechanisms for the anti-cancer activity
of VC, including the redox mechanism (pro-oxidant activ-
ity) and co-factor activity can result in oxidative damage
and up-regulation of epigenetic demethylases/ decreasing
hypoxic stress [63]. Based on the pro-oxidant activity, VC
can reduce the transition of metal ions such as Fe** and
Cu’* via chelation and hydrogen peroxide (H202) genera-
tion. The latter is cytotoxic, in the presence of oxygen, and
can result in increased cell cycle arrest, up-regulation of
p53, reduced levels of ATP, mitochondrial dysfunction,
cell apoptosis and inhibited expression of antioxidant genes
such as nuclear factor erythroid 2-related factor 2 (NrF-2)
[65-67]. Potential antitumor effects of VC are shown by

@ Springer

extracellular conversion of ascorbic acid into dehydroascor-
bic acid for H202 generation [40]. Thereby, treatment with
dehydroascorbic acid may circumvent the antitumor proper-
ties of VC. Adequate access of tumor cells to VC throughout
its effective distribution in the tumor environment is critical
for achieving such antitumor effects.

The toxic effects of VC, used alone or in combination
with chemotherapy or radiation, on cancers cell, even in
low concentrations (1 uM), are shown in in vitro studies
[68, 69]. The potential antitumor activities of VC are shown
when it is consumed along with chemotherapeutic agents
such as etoposide, cisplatin, 5-fluorouracil, doxorubicin, and
paclitaxel [40]. Other properties include the ability of VC
to sensitizing cancer cells to chemotherapy drugs such as
gemcitabine and generating a synergistic cytotoxic response
[70]. In the majority of the included studies, VC was con-
sumed alongside chemotherapy agents. Current study, there-
fore, reports the synergistic effect when different dosages of
VC, ranging from 0.2 g/kg/week to 100 g/week for up to 52
weeks, are used in combinations with chemotherapy agents
in patients with non-small-cell lung cancer, glioblastoma,
colorectal, acute myeloid leukemia, non-Hodgkin’s lym-
phoma, and advanced ovarian or pancreatic cancers [29-33,
36-38, 42, 43]. VC administration in all of the abovemen-
tioned trials was shown to not only be safe and tolerable, but
also result in increased median survival from 89 days to 15.3
months, and reduced progression rate. VC in combination
with certain anticancer agents helped reduce the mass of
advanced pancreatic tumor by 10% in Monti et al. study [43].

Infusion of high doses of VC alone for 12 weeks did not
lead to remission in prostate cancer patients [34]. Similar
effects were reported in some of the included trials, in which
oral or intravenous VC was administered alone [40, 48, 51,
54]. The majority of trials conducted on the consumption
of VC alone reported its safety without beneficial effects
on the remission and progression rates [35, 41, 46-50, 52].
The reason behind such effects could be the short duration
of intervention [40, 48, 51], or the negative effect of earlier
immunosuppressive treatment [54]. VC administration is
also shown to increase its concentration as well as reduce the
adverse events induced by the chemotherapeutic agents such
as hepatotoxicity, cardiomyopathy, and lipid oxidation [71].

Some of the included trials did not show any significant
difference in the median OS following oral VC adminis-
tration compared with placebo [49, 52]. In 1990s, the
researchers had shown a significant difference between
oral and intravenous VC pharmacokinetics. Consequently,
in vitro studies represented valuable information regarding
the intravenous VC (IVC) mechanism, whereas preclinical
studies offered useful evidence on the IVC efficacy [67, 72].
The clinical evidence of the positive effects of VC is per-
ceived by an open-label trial [33] conducted on patients with
acute myeloid leukemia and treated with Decitabine in the
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presence/absence of VC. They reported improved median
OS following the administration of Decitabine 4+ low doses
of IVC. Enhanced up-regulation of ten-eleven-translocation
(TET) proteins is believed to be the underlying mechanism.
TET enzymes are important for DNA methylation and their
function is attenuated in patients with acute leukemia [33].
Overall, evidence suggests positive interaction between IVC
and other cancer agents; details of this co-administration,
however, are diverse and occasionally uncertain. Moreover,
the response of various cancers to VC supplementations is
probably dissimilar due to their diverse underlying mecha-
nisms. Accordingly, future research should focus on the VC
regimens in specific cancers or subtypes.

Overall, our results are in line results of previous system-
atic review on IVC [22]. In a systematic review conducted
by van Gorkom, [23], 19 studies (including clinical trials
and observational studies) were evaluated regarding the
effectiveness and safety of VC administration in cancer. The
results of the systematic review did not demonstrate a clini-
cally relevant beneficial effect of VC supplementation on the
overall survival and clinical status of most cancer patients.
This may be due to the low quality of included studies as
well as the heterogeneous nature of the patients groups. In
another systematic review by Jacob et al. [24], the antitumor
effects and toxicity of VC treatment was evaluated in 34
trials and observational studies. None of the five included
RCTs was reported to result in any statistically significant
improvement in survival or reduction in toxicity with VC
compared to control group. Beneficial therapeutic effects of
VC, however, were observed in the included uncontrolled,
case reports and observational studies.

VE and cancer survival

VE is a lipid-soluble antioxidative vitamin that can suppress
the proliferation, growth, and migration of cancer cells [57].
The potential anti-cancer properties of VE may be attributed
to its capabilities in enhancing apoptosis and cell cycle arrest
as well as suppressing two important transcription activa-
tors, namely NF-kp and Signal Transducer and Activator
of Transcription 3 (STAT3) involved in angiogenesis and
metastasis [73]. Moreover, VE can interfere with the produc-
tion of ROS through buthionine sulfoximine (BSO) produc-
tion following cancer cell death [74].

Despite of various in vitro and preclinical studies evaluat-
ing the anticancer effects of VE [73], limited clinical studies
were found in this regard [54-57]. As a result, controversial
anti-cancer effects are reported for VE supplementation.
Intake of up to 3200 mg/d VE for two weeks before pancre-
atic exocrine cancer resection was reported to be safe with
no effects on the survival rate [55]. Thomsen et al. [54] in
their trial, however, reported low toxicity rates following the
administration of high doses of delta tocotrienol (900 mg

daily), an analogue of VE + Bevacizumab until symptoms
of grade III toxicity appeared or the patients with refractory
ovarian cancer decided not to continue the treatment any-
more. Median PFS and median OS were reported to be 6.9
and 109 months, respectively. Bevacizumab is an anti-tumor
drug used in many cancers. Combining Bevacizumab with
chemotherapy in a phase III trial helped retain the Bevaci-
zumab activity for 1.4 months after tumor progression [75].
This finding suggests that the anticancer effect observed
in Thomsen et al. [54] trial should have been secondary
to the synergistic effects of delta tocotrienol and Bevaci-
zumab. Despite the potent antitumor properties of combined
tocotrienol and tamoxifen, a trial on breast cancer patients
reported a non-significant increase (60%) in 5-year survival
rate following the consumption of combined tocotrienol with
tamoxifen compared with tamoxifen alone [56].

Lippman et al. [57] in their trial reported a non-significant
reduction in HR deaths following the consumption of 400 IU
a-tocopherol (VE analogue) versus not taking it in patients
with primary prostate cancer or other malignancies. Possible
reasons behind this finding include lower efficacy of high
doses of a-tocopherol than its lower doses, and the adverse
effects of high dose a-tocopherol on cytochrome p450. In
addition, the authors reported the protective effects of VE
on smoker cancer patients compared with non-smoker ones.
This is while less than 60% of the study participants were
smokers [57]. Our findings are in line with Alkhenizan et al.
meta-analysis reporting the non-significant effect of VE
intake on cancer mortality regardless of the type of cancer
[25]. They included twelve RCTs with 167,025 participants
to assess the effects of VE intake alone or in combination
with other supplements on cancer prevention. They reported
a statistically significant reduction in the incidence of pros-
tate cancer, which is not among the objectives of the current
study. As a result, the limited number of studies and the vari-
ety of their findings makes drawing concrete decisions about
the positive effects of VE supplements on cancer outcomes
impossible. Well-designed trials with large sample size on
VE therapy alone or as an adjuvant are therefore needed to
confirm abovementioned findings.

Co-intake of VC, VE and cancer survival

There is dearth of data regarding the effects of VC and
VE co-supplementation on cancer outcome. A single trial
was found on co-treatment of cancer patients with VC and
a-tocopherol [58]. Compared with placebo, the combina-
tions of VC and VE in patients with adenomatous colorectal
polyps resulted in a non-significant difference in the mor-
tality and recurrence rates [58]. Certain factors influencing
these results are overestimation due to misdiagnosis of pol-
yps in the first exam, higher rate of colonoscopy examina-
tions in the follow-up period for individuals in the vitamin
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group, and low vitamin compliance. Several laboratories
have detected mutagens in the stool of colon cancer suffer-
ers, confirming that VE and VC supplementation can reduce
the number of fecal mutagens [76, 77]. Clinical evidence on
this finding, however, is scarce and more studies are needed
in this regard.

To our knowledge, the current study is the first systematic
review of trials assessing the effects of VC and VE sup-
plementation on cancer survival rate. We report not only
their safety and tolerability but also their effectiveness on the
survival and progression rates. The study, however, suffers
from several limitations. The main limitation is related to
the quality of existing evidence. The small sample size and
the absence of control group in the majority of the included
trials might have interfered with the interpretation of the
results. In addition, the differences noted in the studied pop-
ulation and cancer type and stage (ranging from primary to
advanced forms) resulted in methodological heterogeneity
and thus made meta-analysis impossible.

Conclusion

In conclusion, this systematic review aimed at assessing the
beneficial effects of VC and VE supplementation on cancer
responsiveness. Although VC and VE intake helped improve
the survival and progression rates, the majority of trials were
designed as uncontrolled trials with a small sample size and
no appropriate control group. Thereby, high-quality well-
designed controlled trials are required to confirm our results.

Abbreviations BSO: Buthionine sulfoximine; CT: Controlled trial;
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