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Abstract. Aim: The aim of the study was to evaluate under
praxis conditions the safety and efficacy of intravenous (i.v.)
vitamin C administration in the first postoperative year of
women with breast cancer. Patients and Methods:
Epidemiological multicentre cohort study, including 15
gynaecologists and general practitioners representatively
distributed in Germany. Data from 125 breast cancer patients
in UICC stages IIa to IIIb were selected for the study. A total
of 53 of these patients were treated with i.v. vitamin C
(supplied as Pascorbin® 7.5 g) additional to standard tumour
therapy for at least 4 weeks (study group) and 72 without this
additional therapy (control group). Main outcome measures
were efficacy in regard to outcome and severity of disease- or
therapy-induced complaints during adjuvant chemo- and
radiotherapy and aftercare. Results: Comparison of control
and study groups revealed that i.v. vitamin C administration
resulted in a significant reduction of complaints induced by
the disease and chemo-/radiotherapy, in particular of nausea,
loss of appetite, fatigue, depression, sleep disorders, dizziness
and haemorrhagic diathesis. After adjustment for age and
baseline conditions (intensity score before adjuvant therapy,
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chemotherapy, radiotherapy), the overall intensity score of
symptoms during adjuvant therapy and aftercare was nearly
twice as high in the control group compared to the study
group. No side-effects of the i.v. vitamin C administration were
documented. Discussion: Oxidative stress and vitamin C
deficiency play an important role in the etiology of adverse
effects of guideline-based adjuvant chemo-/radiotherapy.
Restoring antioxidative capacity by complementary i.v. vitamin
C administration helps to prevent or reduce disease-, or
therapy-induced complaints in breast cancer patients.
Conclusion: Complementary treatment of breast cancer
patients with i.v. vitamin C was shown to be a well tolerated
optimization of standard tumour-destructive therapies,
reducing quality of life-related side-effects.
Breast cancer is the most common cause of cancer death in
women. The use of complementary medicine to improve
quality of life (QoL) during treatment is common. Women
with early-stage breast cancer, especially those with lower
QoL, are highly likely to use complementary therapies(1).
The American Cancer Society defines complementary
medicine or methods as those that are used in conjunction
with regular medical care. If these treatments are carefully
chosen and managed, they may add to enhanced comfort and
well-being (2).
Vitamin C (ascorbate) is an essential nutrient. It is an
important antioxidant and co-factor for various enzymes. In
particular, immune, nerve, and bone cells have a high need
for vitamin C for optimal function. It is involved in
synthesizing collagen, carnitine, neurotransmitters and
neuropeptides and thus critically affects woundhealing,
energy metabolism, and function of the nervous system.
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Intravenous (i.v.) administration of vitamin C is part of
complementary therapies in anticipation of improving QoL,
protecting against side-effects of chemotherapy and radiation,
increasing the immune system’s defence and inducing
antiproliferative effects. The administration of high dose i.v.
vitamin C is currently debated by the oncologic community
because the requirements for scientific proof of safety and
effectiveness for vitamin C, as for many other complementary
therapeutic approaches, has not yet been met (3-6). In the
past, basic research and clinical evaluation of i.v. vitamin C in
oncology have been intensified in an attempt to integrate this
therapy into evidence-based medicine. Basic research shows
that vitamin C in high concentration has an antiproliferative
effect towards different cancer cells, including breast cancer
cells (7-9), sensitizes cancer cells towards some cytostatic
drugs (10, 11) and protects from chemotherapy related sideeffects (12-14). It is important to keep in mind that orally
administered vitamin C produces concentrations in plasma
and tissue which are tightly controlled (<0.2 mM) and that
pharmacologic concentrations of vitamin C in plasma (>0.2
mM) can only be achieved by parenteral administration (15).
Although preclinical data in animal models showed a
significant reduction of tumour growth, the use of
pharmacological vitamin C as a single agent was not curative
(16-19). This emphasizes that a future trend may lie in a
combination of vitamin C and chemotherapeutics (20). The
efficacy of vitamin C as a chemotherapeutic agent has not
been clinically investigated, although well-documented case
reports are available (21, 22). Clinical data regarding the
safety and efficacy of i.v. vitamin C in order to enhance QoL
are also limited. In 1991, Cameron published clinical
experiences with i.v. vitamin C (~10 g/d) and in 2007 (23), a
Korean study investigated the efficacy of one week high-dose
i.v. vitamin C (20 g/d with a 3-day interval) on health-related
QoL in terminally ill cancer patients (24).
The rationale behind the use of vitamin C complementary
in oncology is to combat oxidative stress, which is a major
factor in chemotherapy and radiation-related side-effects that
is often overlooked. Tumour cells metabolism, surgery,
chemotherapy and radiation lead to an increase in reactive
oxygen species (ROS), which stresses the antioxidant
defense system and induces oxidative stress. QoL of tumour
patients is impaired by oxidative stress-related effects such
as mucosa dysfunction causing gastrointestinal ailments,
anemia, fatigue, mental disorders and lipid abnormalities.
Therefore, there is a strong consensus among scientists that
the recommendations of antioxidants for cancer patients
should be reinvestigated (25). Additionally, oxidative stress
has emerged as a major aetiological factor for breast cancer.
Although, a recent case–control study based on the dietary
intake of antioxidant vitamins did not find any meaningful
association with breast cancer risk (26), studies based on
blood examinations of vitamin status found that increasing

984

levels of vitamin C were significantly associated with a
reduced risk of breast cancer (27, 28).
Taking into account the important role of oxidative stress
in the development and progression of cancer and in the
aetiology of adverse effects, the present clinical investigation
was performed to evaluate the safety and efficacy of
complementary i.v. vitamin C administration to reduce sideeffects of guideline-based adjuvant chemo-/radiotherapy in
breast cancer patients.

Patients and Methods
Study design. This was an epidemiological, retrospective cohort
study with parallel groups. Design and conduct of the study were
performed in accordance with current standards for observational
studies (29, 30). For this type of study, a representative sample of
individuals is selected out of a well-defined population (breast
cancer patients in UICC stages IIa to IIIb) and the applied therapies
(which are deliberately decided by the treating physician or patient
and not by the study protocol) and patient’s responses are observed
and documented. With this design the utilization of the therapies in
the population can be investigated. But as the therapies are not
assigned by randomization, the decision for a certain therapy may
be influenced by patient’s preferences or condition, which may also
influence the response. Therefore an immediate response
comparison between different therapies may be biased. To obtain
unbiased comparisons, the responses in all therapy groups must be
adjusted to common conditions. This can be done by covariance
techniques, where with the data of all treatment groups a functional
relation (regression function) between response and relevant
conditions (so-called covariables) is estimated and the observed
responses are adjusted with this function to common conditions.
This technique was applied for the analysis of this study. In
addition, patients are stratified in homogenous covariable subgroups
(e.g., chemotherapy yes/no, radiotherapy yes/no), treatment
comparisons are performed within the strata and pooled over all
strata, if there is no interaction between covariables and treatments.
As significance level for statistical tests p=0.05 was used. The
analysis was performd with the statistical package SPSS 17.
Study population. A total of 15 gynaecologists and general
practitioners representatively distributed across Germany, including
gynaecologists and general practitioners supplied data on 125
elegible patients with breast cancer, of whom 53 formed the study
group and 72 the control group. The patients of the study group
were treated complementarily to basic tumour therapy with i.v.
vitamin C (Vitamin C-Injektopas®, renamed to Pascorbin® in 2006,
containing 7.5 g ascorbate for infusion; Pascoe pharmazeutische
Präparate GmbH, Giessen, Germany). The patients of the control
group did not receive vitamin C therapy. The criteria for inclusion in
the cohort study were: primary non-metastasized breast cancer
UICC levels IIa-IIIb, treatment 1/2000-12/2006 with i.v. vitamin C
(study group) or without i.v. vitamin C (control group), in addition
to guideline conforming antineoplastic treatment (primary surgical
treatment, adjuvant chemo-, radio-, hormone therapy). Vitamin C
was administered at a dosage of 7.5 g once a week during adjuvant
therapies, for a minimum of 4 weeks to fulfil the inclusion criteria.
According to the study protocol, no i.v. vitamin C was administered
on the days of chemo- and radiotherapy. Baseline and treatment data
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concerning characteristics of covariates that could have influenced
the treatment are presented in Table I. Significantly more patients
of the control group underwent chemo-, radio and hormone therapy
than patients of the study group. Concerning age, overall intensity of
complaints before adjuvant therapy and UICC stage, there are no
significant differences between the groups.
Data collection. Prior to data collection the data elements required
for the study were identified and defined in the study protocol and
a case report form (CRF). Data were retrieved by the investigators
from the patients’ medical records at the study centres and
transferred to the standardized CRFs. Data collected included
patients’ demographic details, characteristics of the tumour disease,
treatments, signs, symptoms and side-effects experienced by the
patients. A clinical quality assurance audit was carried out by an
independent institution which confirmed that the data were
acceptable for the purpose of a clinical trial.
Outcome analysis. Typical disease/therapy-induced signs and
symptoms were assessed based on the data collected from the
patient records after operation, reflecting values at baseline (before
start of adjuvant treatment), during 6 months’ adjuvant chemo/radiotherapy (period of 6 months postoperative) and during 6
months of aftercare (period from 6 to 12 months postoperative).
Signs and symptoms were allocated intensity scores of 0 (no
symptoms), 1 (mild symptoms) or 2 (severe symptoms). The
following symptoms were recorded: gastrointestinal tract symptoms
(nausea, vomiting, loss of appetite, diarrhoea), mental conditions
(tiredness/lassitude/fatigue, depression), sleep disturbances,
dizziness, headache, tumour pain, cachexia, skin irritation,
mucositis, haemorrhagic diathesis and infections. For a specific
symptom, a patient was included in the analysis if the symptom was
present either at the beginning and/or during the standard treatment
(operation, chemo-/ radiotherapy) or during 6 months of aftercare,
but only if an assessment was available for both time points. In
efficacy analysis, the symptom intensity scores were considered as
quantitative variables and their distribution was characterized by its
mean. The primary efficacy criterion was the overall intensity score:
i.e. the average of the symptom intensity scores reported by a
patient during adjuvant therapy and aftercare, adjusted for equal
baseline conditions. Further efficacy endpoints were the comparison
of the Karnofsky index and the Everyday Cognition (ECOG) score
between the test group and the control group during adjuvant
chemo-, radiotherapy and during the subsequent 6 months of after
care. Adjustment of the overall intensity score to equal baseline
conditions was performed by the analysis of covariance for age,
overall intensity score before adjuvant therapy, chemo-, radio- and
hormone-therapy.
Safety. Analysis of the safety of the treatment with i.v. vitamin C
included analysis of the number and severity of side-effects, their
duration, treatment and outcome as documented in patient’s files.

Results
Data from the medical records of 125 patients with breast
cancer were documented from 15 centres/practices. All
women underwent guideline conforming treatment during
1/2000-12/2006 with or without i.v. vitamin C administration
complementary to adjuvant chemo-, radio- and hormone

Table I. Demographic and disease-relevant parameters.
Study group Control group p-Value
n=53
n=72
Mean age (years)
Mean overall intensity score
before adjuvant therapy
UICC stage (%)
IIa
IIb
IIIa
IIIb
All stages
Chemotherapy (%)
Radiotherapy (%)
Hormone therapy (%)

56.1
0.87

53.9
0.77

0.314
0.243
0.584

62.3
22.6
13.2
1.9
100.0
67.9
34.0
0

55.6
25.0
12.5
6.9
100.0
83.3
61.1
11.1

0.044
0.003
0.012

therapy. Main chemotherapy regimens were epirubicin/
cyclophosphamide (56%), cyclophosphamide/ methotrexate/
fluorouracil (20%) and fluorouracil/epirubicin/ cyclophosphamide (15.2%).
Covariate. The baseline characteristics and patient data of
the study and control groups were comparable except for
basic therapy. Significant differences between the two groups
were seen for radiotherapy (p=0.003), for chemotherapy
(p=0.044) and hormone therapy (p=0.012). Concerning
UICC stage and other tumour-relevant parameters, no
statistically significant differences were documented between
the study and control groups (Table I).
Complaints. Response criteria for effectiveness are the
intensity of the complaints (0=no complaints, 1=mild
complaints, 2=severe complaints) during the adjuvant therapy
phase (up to 6 months after operation) and aftercare phase (612 months after operation) as documented in the patients’
records. As the study and control group differed in use of
chemo- and radiotherapy, the documented intensities were
adjusted to common values (total means) of age, baseline
overall intensity score, chemotherapy, radiotherapy and
hormone therapy. The means of the adjusted intensities in the
adjuvant therapy phase are shown in Figure 1, those in the
aftercare phase in Figure 2. The means of the study group for
all complaints and phases are lower than those of the control
group. The differences are statistically significant at the 0.05
level for loss of appetite (p=0.046), fatigue (p=0.004),
depression (p=0.017) and sleep disorders (p=0.005) in the
adjuvant therapy phase, and for nausea (p=0.022), loss of
appetite (p=0.005), fatigue (p=0.023), sleep disorders
(p=0.044), dizziness (p=0.004) and haemorrhagic diathesis
(p=0.032) in the aftercare phase. The primary effect criterion
was the overall intensity score (i.e. the average over the

985

in vivo 25: 983-990 (2011)

Figure 1. Mean intensity of complaints during adjuvant therapy, adjusted for age, baseline overall intensity, chemotherapy, radiotherapy and hormone
therapy.

intensities of all complaints). The means of the adjusted
overall intensity score are shown in Figure 3 for both study
groups and phases. The means of the study group in both
phases were significantly lower than those of the control group
(p=0.013 in adjuvant therapy phase and p=0.021 in aftercare
phase) and for both groups, lower in the aftercare phase than
in the adjuvant therapy phase. This means that under
comparable conditions, disease-or therapy-induced complaints
during adjuvant therapy and aftercare were significantly
reduced for patients with additional vitamin C therapy.
To determine whether the influence of vitamin C therapy
differed for patients with and without chemo- or radiotherapy,
patients were stratified according their adjuvant therapy
(with/without chemotherapy, with/without radiotherapy) and a
2-factorial analysis of variance was performed with the
overall intensity score in the adjuvant therapy phase as
response variable and vitamin C treatment and chemotherapy
and radiotherapy as influencing factors. The means of the
overall intensity for both groups and all strata are shown in
Figure 4. The mean overall intensity in the study group for
all strata was remarkably lower than in the control group. The
difference was particularly pronounced for the stratum
without chemotherapy. As there was no significant interaction
between vitamin C therapy and adjuvant therapy (p=0.255 for
chemotherapy and p=0.905 for radiotherapy), the effect sizes
(i.e. the differences in means between study and control
groups) can be pooled over the strata with and without
adjuvant therapy to a common estimate. This estimate is
–0.195 for the strata with/without chemotherapy and –0.171
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for strata with/without radiotherapy, and in both cases,
statistically significant (p=0.008 and 0.009 respectively). This
indicates that additional therapy with vitamin C has a
significant effect on reduction of complaints during the
adjuvant therapy phase and that this effect is independent of
the applied adjuvant therapy.
Performance status. Women who received vitamin C
intravenously had a markedly higher performance status
during adjuvant therapy and the aftercare phase. During the 6
months of adjuvant treatment the mean index in the study
group (80%) was significantly higher (p<0.001) than that in
the control group (71%). The performance during the aftercare
improved to 87% in the study group and was significantly
better (p<0.001) than in the control group (78%) (Figure 5).
The results of performance status as indicated by the ECOG
are comparable to that of the Karnofsky index. During
adjuvant therapy, the mean scores of ECOG (which can range
from 1=normal performance to 5=constantly bedridden) were
1.596 in the study group and 2.067 in the control group
(p=0.002) and, during aftercare, 1.11 in the study group and
1.71 in the control group (p<0.001) (Figure 6).
Safety. The safety of complementary i.v. vitamin C
administration was assessed using a panel of adverse reactions.
However, no i.v. vitamin C-induced side-effect was
documented. Patient assessment during adjuvant therapy of the
tolerability of complementary i.v. vitamin C administration
was excellent (86.8%) and good (13.2%).
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Figure 2. Mean intensity of complaints during aftercare, adjusted for age, baseline overall intensity, chemotherapy, radiotherapy and hormone therapy.

Discussion
The aim of the study was to evaluate the efficacy in terms of
QoL and tolerability of Vitamin C-Injektopas® 7.5 g/Pascorbin®
7.5 g in the first postoperative year of women with breast
cancer. The amelioration of QoL is an important optimization
of standard therapy, because chemotherapy and radiation-related
side-effects often cause a reduction in dosage or even abortion
of guideline conforming therapy. To carry out optimal tumourdestructive therapy, the reduction or prevention of therapyrelated side-effects is important.
Women who received vitamin C suffered significantly less
from side-effects due to the tumour itself and the standard
therapy. Similar effects were achieved for the aftercare
period, where women in the vitamin C group were nearly
free of complaints. After adjustment to the same baseline and
treatment conditions, the confirmatory analysis also showed
significant differences in the groups. During chemo- and
radiotherapy, as well as during the aftercare period, the
overall intensity of symptoms was reduced by one-third and
one-half, respectively in the study group as compared to the
control group (Figures 1 and 2). Clearly, the reduction of
side-effects in the study group cannot be explained by
inhomogeneities in covariates between both groups, but is
due to the effect of complementary i.v. vitamin C therapy.
In particular, symptoms regarding the intestines, such as
nausea and poor appetite, as well as neurodegenerative
symptoms, such as loss of motivation and depression, were
less severe in the vitamin C-treated group. Noteworthy as
well is the outcome of scores for fatigue and sleeping
disorders in the vitamin C-treated group, as sleeping
disorders are a key step in the pathology of depression. As

Figure 3. Means of overall intensity of complaints, adjusted for age, baseline
overall intensity, chemotherapy, radiotherapy and hormone therapy.

expected during the aftercare period, fewer side-effects
occurred, however, symptoms affecting the gut such as
nausea and poor appetite, or the nervous system, such as
fatigue, depression and sleeping disorders, were still less
significant in the study group. Similar results have been
observed after treatment of terminally ill cancer patients with
10 g vitamin C twice a day with a 3-day interval. After one
week, the symptom scores for fatigue, nausea, vomiting,
appetite loss and pain were significantly lower (24).
As known from the literature, tumour patients generally have
a deficiency of vitamin C. This has also been confirmed for
breast cancer patients (27). Low serum levels of vitamin C, in
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Figure 4. Means of overall intensity of complaints during adjuvant therapy in strata with/without chemotherapy and with/without radiotherapy.

spite of adequate daily intake, may be due to increased utilization
of vitamin C for detoxification of ROS during surgery, chemoand radiotherapy, as well as vitamin C sequestration by tumour
cells. It is known that tissue trauma and surgical procedures
reduce the antioxidant capacity, particularly that of vitamin C
(31, 32), because of high metabolic turnover due to oxidative
stress and wound healing. To prevent this deficit, at least 3 g i.v.
vitamin C daily are required (33, 34). If surgery-related vitamin
C loss is not sufficiently corrected, tumour patients experience
severely reduced systemic antioxidant capacity even before
starting chemo- and radiotherapy. Non-cancerous tissue is not
adequately protected from ROS, which accumulate even more
due to the therapy. Vitamin C deficiency or a generally depleted
antioxidant capacity is a frequently underestimated problem in
tumour patients. Noteworthy is an inverse relationship between
vitamin C concentration and tumour markers (35), progression
of disease (36, 37) and survival time (38). The deficiency
scenario becomes worse after administration of chemotherapy or
radiation (39-42).
It must be assumed that the administration of 7.5 g
intravenous vitamin C in the study group restored vitamin C
plasma levels and boosted the antioxidative capacity. This
would explain the strong protection from gastrointestinal and
neurodegenerative symptoms because both mucosa and
nerves are very vulnerable to oxidative stress. For example,
vitamin C is highly concentrated in the brain to protect it
from ROS which accumulate during oxygen utilization.
Oxidative stress correlates with the severity of depression
because ROS degrade neurotransmitter (43-45) and animal
studies with parenteral application of vitamin C observed
antidepressant-like effects (46).
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Besides efficacy, the evaluation of the safety of i.v. vitamin
C in addition to guideline conforming antineoplastic treatment
was a strong motivation for the present study. No adverse effects
were documented that were associated with intake of Vitamin
C-Injektopas® 7.5 g/Pascorbin® 7.5 g. Clinical studies affirm
the tolerability of high-dose intravenous vitamin C in dosages
up to 1.5 g per kg body weight, if known and accepted
contraindications such as oxalate calculus, renal failure,
haemochromatosis and glucose-6-phosphate-dehydrogenase
deficiency, are kept in mind (20). In the present study, i.v.
administration of vitamin C had no effect on tumour status after
6 or 12 months. This is noteworthy with respect to concerns that
a strong antioxidant such as vitamin C may reduce the efficacy
of chemo- or radiotherapy (4). So far no clinical studies have
evaluated possible interactions between standard therapy and
adjuvant i.v. vitamin C application. A benefit of complementary
high-dosage vitamin C injections has been observed in case
reports and animal experiments (12-14, 47, 48). In vitro
experiments showed that pretreatment of tumour cells with
ascorbate, which acts extracellularly as a pro-oxidant toward
tumour cells, leads to increased sensitivity towards several
antineoplastic drugs, such as epirubicin, and 5-fluorouracil (10,
11, 49), two drugs frequently used in breast cancer treatment.
But because of the absence of clinical studies, a safety
margin between chemo-/radiotherapy and the administration of
i.v. vitamin C is strictly recommended. This recommendation
was explicitly followed by the present study protocol.
Complementary treatment of breast cancer patients with
high-dosage i.v. vitamin C (Pascorbin® 7.5 g) was shown to
be a well-tolerated optimization of standard tumour-destructive
therapies, mainly reducing QoL related side-effects.
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Figure 5. Mean Karnofsky index, adjusted for age, baseline overall
intensity, chemotherapy, radiotherapy and hormone therapy.
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