
https://doi.org/10.1177/1534735419895591

Integrative Cancer Therapies
Volume 19: 1–7
© The Author(s) 2020 
Article reuse guidelines:
sagepub.com/journals-permissions 
DOI: 10.1177/1534735419895591
journals.sagepub.com/home/ict

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction 

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages 
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Research Article

Introduction

The incidence of breast cancer has increased at an annual 
rate of nearly 3% in the past 30 years in China.1 Since there 
are no individual cell surface receptors in triple-negative 
breast cancer (TNBC), conventional endocrine therapy for 
estrogen receptor, progesterone receptor, and targeted 
molecular therapy for human epidermal growth factor 
receptor-2 (HER-2) overexpressing tumors are not suitable 
for TNBC. Therefore, chemotherapy is the major treatment. 
However, tumor recurrence often occurs within 1 to 3 years 
after the treatment.2 A 5-year follow-up study demonstrated 
that the distant metastasis rate of TNBC was 33.9%, while 

for non-TNBC it was 22.4%.3 Moreover, when recurrence 
and metastasis occur in TNBC, the median survival time is 
only 10 to 12 months.4 Therefore, many breast cancer 
patients receive complementary therapies during cancer 
treatment to relieve symptoms, improve quality of life 
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Abstract
Background: This is a retrospective study to examine the effect of chemotherapy with or without intravenous vitamin 
C (IVC) on women with advanced triple-negative breast cancer (TNBC). Methods: From 2008 to 2016, a total of 113 
patients with pathologically confirmed TNBC at Clifford Hospital were evaluated, and 70 patients were matched and 
divided into IVC (treatment group) and non-IVC groups (control group). The match was according to age, menopausal 
status, and metastatic sites. In the control group, 35 patients received gemcitabine and carboplatin. In the treatment group, 
35 patients received the same chemotherapy plus IVC. Results: Baseline characteristics were not significantly different 
between the 2 groups. According to the criteria of RECIST 1.1 (Response Evaluation Criteria in Solid Tumors), enhanced 
computed tomography scan was compared after 2 cycles of chemotherapy. In the treatment group, 2/35 cases had a 
complete remission (CR), 15/35 cases had partial remission (PR), and 13/35 cases had stable disease (SD). The response 
rate was 48.6%. In the control group, there were no CR cases, 14/35 cases had PR, 14/35 cases had SD, and the response 
rate was 40.0% (P > .05). The median progression-free survival time and median overall survival time was 7 months (95% 
confidence interval [CI] =1.5-28.5 months) and 27 months (95% CI = 4-40 months) in the treatment group compared with 
4.5 months (95% CI = 1.5-8 months) and 18 months (95% CI = 3-26 months) in the control group (P < .05). All patients 
experienced diverse reactions in the gastrointestinal tract and myelosuppression. The incidence of adverse reactions in the 
treatment group was significantly lower than that of the control group (P < .05). Conclusion: IVC may have an effect on 
improving the prognosis of patients with advanced TNBC.
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(QoL), and prolong survival time.5 Around 48% to 80% of 
North American breast cancer patients received alternative 
therapies after diagnosis, mainly focusing on herbal extract 
and vitamin supplements.5,6

In vitro and in vivo studies7 indicated that high-dose 
vitamin C suppresses the invasion and metastasis of breast 
cancer cells via inhibiting epithelial-mesenchymal transi-
tion. It could also kill breast cancer cell by inhibiting energy 
metabolism via NAD depletion, induced by hydrogen per-
oxide generation.8 Clinical trials show its safety and high 
tolerability.9,10 It has been noted that using intravenous vita-
min C (IVC) as an adjunct therapy with standard chemo-
therapy could increase sensitivity to specific antineoplastic 
drugs and reduce the side effects that often accompany che-
motherapies.11,12 Animal studies indicated that IVC also 
decreased the toxic side effects of cisplatin, Adriamycin, 
and paclitaxel, which is known to cause off-target oxidative 
stress.13-15 In addition, IVC can not only reduce chemother-
apeutic agents’ related toxicity but also do not adversely 
influence the anticancer activity of the drugs.14

Several clinical trials indicated the potential efficacy of 
IVC, such as improved the performance status or prolonga-
tion of time to disease progression or overall survival (OS) 
time, in ovarian16 and pancreatic17 cancers. Its synergy with 
chemotherapy improves the QoL.18-20 In our previous phase 
I clinical study,21 we found that fasting plasma vitamin C 
levels were significantly correlated with stage of non–small 
cell lung cancer. Pharmacokinetic profiles were obtained 
when they received solely IVC and suggested that IVC is 
safe and well tolerated. The peak concentration of vitamin 
C was up to 20 mmol/L when the dosage of IVC was given 
at 1.5 g/kg/day. The average scores for the functioning scale 
(physical, emotional, cognitive, and social functioning) 
increased continuously, and the average values for the 
symptoms decreased gradually, which indicates that QoL is 
improved when patients receive the above-mentioned treat-
ments. Thus, IVC is a potentially effective adjunctive ther-
apy to reduce toxicity related to chemotherapeutic agents 
and as a result may also improve QoL of cancer patients.18-20

Intravenous vitamin C is routinely made available to 
patients in our cancer center, and IVC patients are self-
selected and self-financed. The purpose of this study was to 
retrospectively analyze the effect of IVC plus chemotherapy 
on tumor response, tumor markers, Karnofsky Performance 
Status (KPS) score, progression-free survival (PFS) time, 
and OS time in patients with advanced TNBC.

Methods

Patient Population

Metastatic TNBC patients who underwent treatment at 
Clifford Hospital between January 1, 2008, and December 
1, 2016, were evaluated for participation in this 

retrospective study. Eligibility criteria were the following: 
(1) women aged 18 to 65 years; (2) pathologic type was 
identified as TNBC by histologic diagnosis and immuno-
histochemistry; (3) patients with breast cancer TNM stage 
IV as classified according to the American Joint Commission 
on Cancer, 7th edition; (4) there was at least one measurable 
lesion; (5) the presence of distant metastases was confirmed 
by computed tomography (CT), magnetic resonance imag-
ing, bone scan, or ultrasound; (6) no other primary malig-
nant tumors; (7) patients with KPS ≥70; (8) all patients had 
a normal glucose-6-phosphate dehydrogenase level; (9) all 
patients had a normal kidney function; (10) treatment proto-
col: treatment group: gemcitabine and carboplatin (GC 
regimen) plus IVC; control group: GC regimen alone; (11) 
estimated survival time of 3 months or more; and (12) full 
follow-up data.

All patients were informed in advance of possible 
adverse reactions and precautions to be taken. This study 
was approved by the Ethics Committee of the Clifford 
Hospital as a retrospective evaluation of existing clinical 
data and was conducted according to the principles 
expressed in the Declaration of Helsinki.

Treatment Protocol

The treatment group received chemotherapy GC regimen 
plus IVC: gemcitabine 1000 mg/m2 on day 1 and day 8, IV 
drip; carboplatin area under the curve 5 on day 1 after gem-
citabine, 28 consecutive days counting as a cycle. All 
patients received 2 to 8 cycles according to their conditions. 
IVC was administered at a dose of 1 g/kg with 900 mmol/L 
osmotic pressure and 0.5 g/30 minutes infusion speed. The 
first dose was applied 3 days before chemotherapy, and the 
second treatment was on day 3, repeated every other day for 
a total of 25 treatments. The last treatment was applied the 
same day as that of the second cycle of chemotherapy. We 
made a paired match of the included patients for the control 
group, who received the GC regimen alone. The match was 
done based on the following: ages, menopausal status, and 
metastatic sites. Ondansetron and/or metoclopramide were 
used to reduce gastrointestinal reactions. Routine blood 
examination was conducted during chemotherapy: rhG-
CSF injection was given when white blood cell count was 
<4.0 × 109/L; interleukin-11 was given when platelets 
were <80 × 109/L.

Follow-up

Pre- and posttreatment evaluation included complete medi-
cal history, physical examination, KPS score, complete 
blood count, tumor markers, enhanced CT scan, and other 
imaging to record disease. All patients had evaluable 
lesions. Enhanced CT scans before and after treatments 
were used to evaluate lesion changes. All scans were 
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assessed by an independent central radiology review. 
Response measurements were carried out according to 
RECIST 1.1 (Response Evaluation Criteria in Solid 
Tumors). All patients were followed-up from the date 
admitted to Clifford Hospital until March 1, 2017, or death, 
whichever occurred first.

Response Evaluation

Tumor response was defined as complete response (CR), par-
tial response (PR), stable disease (SD), or progressive disease 
(PD), according to the RECIST 1.1 criteria after 2 cycles of 
chemotherapy. CR + PR was defined as response rate (RR); 
CR + PR + SD was defined as clinical benefit rate (CBR). 
PFS refers to the interval between the initiation of treatment 
and the first occurrence of progressive disease or death. OS 
was defined as the period from the date of receiving chemo-
therapy until the time of death. Tumor markers are molecules 
occurring in blood that are associated with cancer and whose 
measurement or identification is useful in patient diagnosis 
(CEA, CA19-9, CA125, and CA15-3).

Adverse Reactions

Adverse reactions were evaluated using the National Cancer 
Institute–Common Toxicity Criteria (NCI-CTC 3.0). 
Oncologists in charge of the patients were responsible for 
assessing and recording the patient’s adverse reactions 
daily. A research assistant assisted the researcher in extract-
ing and analyzing the data from the electronic forms.

Statistical Analysis

SPSS20.0 was used for statistical analysis. Incidence was 
expressed as number and percentage. T test was used for 
group comparison, and the χ2 test was used for the count 

data comparison. Rank sum test was used for nonparametric 
data comparison. Kaplan-Meier analysis and log-rank test 
were used for PFS and OS for group comparison. P < .05 
was considered statistically significant.

Results

Patient Characteristics

A total of 113 TNBC patients received chemotherapy in 
Clifford Hospital between January 1, 2008, and December 
1, 2016. Overall, there were 93 cases that met the eligibility 
criteria, including 49 cases who received chemotherapy 
plus IVC and 44 cases who received single chemotherapy. 
Patients were further matched according to the matching 
rules mentioned above, and 35 pairs (70 cases) of patients 
were included in this study. There was no significant differ-
ence in baseline characteristics between 2 groups. Every 
patient received 2 to 8 courses of systemic chemotherapy. 
The median number courses in which patients received IVC 
in the treatment group was 4 (0.5-6; every 25 treatments are 
counted as one course; Table 1).

Evaluation of Short-Term Response

There was no significant difference in RR and CBR between 
the treatment and control groups (Table 2, P > .05). There 
were 19 premenopausal patients (RR = 47.4%, CBR = 
89.5%) and 16 postmenopausal patients (RR = 50.0%, 
CBR: 81.2%) in the treatment group; there were 17 pre-
menopausal patients (RR = 35.3%, CBR = 94.1%) and 18 
postmenopausal patients (RR = 44.4%, CBR = 66.7%) in 
the control group. In the treatment group, RR was 41.2%, 
and CBR was 88.2% in patients with the number of metas-
tases >1; while RR was 55.6%, and CBR was 83.3% in 
patients with the number of metastases ≤1. In the control 

Table 1.  Patient Characteristicsa.

Characteristics
Treatment Group 

(N = 35)
Control Group 

(N = 35) χ2 Value P

Age (years)
  ≤45 26 28 0.081 .776
  >45 9 7
Menopausal status
  Premenopause 31 32 0.000 1.000
Metastatic sites
  Bone 15 14 0.000 1.000
  Lung 4 4 0.000 1.000
  Liver 6 5 0.000 1.000
  Brain 5 4 0.000 1.000
  Other 8 7 0.000 1.000

aThe distribution of the 2 groups in age, menopausal status, bone metastasis, lung metastasis, liver metastases, brain metastases, and other metastatic 
sites were examined by χ2 test. P < .05 indicates statistically significant difference.
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group, RR was 56.3%, and CBR was 100.0% in patients 
with metastasis >1; however, RR was 26.3%, and CBR was 
63.2% when the metastatic number was ≤1. There was no 
significant difference between 2 groups (Table 2).

In the treatment group, after 2 cycles of treatment, the tumor 
markers CEA, CA19-9, CA125, and CA15-3 were signifi-
cantly lower than those before the treatment (Table 3; P < .05). 
In the control group, there was no significant difference in 
tumor markers before and after treatments (Table 3; P > .05).

In the treatment group, KPS scores after 2 cycles of 
treatment were significantly higher than those before the 
treatment (87.7 ± 4.9 vs 78 ± 4.1, P < .0001). However, 
there was no significant difference in KPS scores in the 

control group before and after the treatment (79.4 ± 5.4 vs 
78 ± 4.1, P = .21). The KPS scores after the treatments in 
the treatment group were significantly higher than those in 
the control group (P < .0001).

Adverse Reactions

The adverse reactions were mainly digestive tract reactions 
and bone marrow suppression. The incidence of adverse 
reactions was significantly lower in the treatment group 
than in the control group (Table 4, P < .05), suggesting that 
IVC can significantly decrease the incidence of adverse 
reactions associated with chemotherapy.

Table 2.  Evaluation of Short-Term Response Effecta.

Group

Response RR = CR + PR CBR =CR + PR + SD

CR (n) PR (n) SD (n) PD (n)
χ2 Value (P 

Value) RR (%)
χ2 Value (P 

Value) CBR (%)
χ2 Value (P 

Value)

Treatment 2 15 13 5 2.075 (.599) 48.6 0.521 (.470) 85.7 0.402 (.526)
Control 0 14 14 7 40.0 80.0
Premenopause and postmenopause
Treatment
  Premenopause 1 8 8 2 1.045 (.861) 47.4 0.023 (.878) 89.5 0.466 (.495)
  Postmenopause 1 7 5 3 50.0 81.2
Control
  Premenopause 0 6 10 1 6.177 (.043) 35.3 0.296 (.586) 94.1 4.000 (.046)
  Postmenopause 0 8 4 6 44.4 66.7
Metastatic sites
Treatment
  >1 1 6 8 2 1.751 (.780) 41.2 0.703 (.402) 88.2 0.167 (.683)
  ≤1 1 9 5 3 55.6 83.3
Control
  >1 0 9 7 0 8.206 (.015) 56.3 3.150 (.076) 100.0 7.158 (.007)
  ≤1 0 5 7 7 26.3 63.2

Abbreviations: RR, response rate; CR, complete response; PR, partial response; CBR, clinical benefit rate; SD, stable disease; PD, progressive disease.
aNumber of metastatic sites and the effect of premenopause and postmenopause conditions in both groups on the short-term efficacy were examined 
by the rank sum test. P < .05 indicates statistically significant difference.

Table 3.  Tumor Markersa.

Tumor Markers Pretreatment Posttreatment P

Treatment group
  CEA 119.8 ± 57.4 26.9 ± 10.3 .03
  CA19-9 35.8 ± 22.3 16.7 ± 8.7 <.0001
  CA15-3 169.8 ± 92.9 50.6 ± 29.4 .04
  CA12-5 38.0 ± 17.3 20.1 ± 12.9 <.0001
Control group
  CEA 120.7 ± 43.2 123.3 ± 54.2 .38
  CA19-9 41.5 ± 31.1 37.5 ± 23.9 .45
  CA15-3 169.7 ± 61.4 161.9 ± 66.8 .71
  CA12-5 39.0 ± 16.5 66.8 ± 16.9 .25

aThe changes of tumor markers in the 2 groups were analyzed by t test. P < .05 indicates statistically significant difference.
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Analysis of Survival Time

All patients were followed-up until March 1, 2017. The 
median follow-up time for the whole group was 22 months 
(3-40 months). Seventeen patients survived and 18 patients 
died in the treatment group, while 7 patients survived and 
28 patients died in the control group. The median PFS in the 
treatment group was 7 months (1.5-28.5 months), and the 
median OS was 27 months (4-40 months). In the control 
group, the median PFS was 4.5 months (1.5-8 months), and 
the median OS was 18 months (3-26 months). PFS (Figure 
1; P = .002) and OS (Figure 2; P = .002) in the treatment 
group were significantly longer than those in the control 
group. The 3-year survival rate in the treatment group was 
40%, compared with only 14.3% in the control group. In the 
treatment group, 14.3% of patients had a survival time >3 

years, while none of those in the control group survived >3 
years (Table 5).

Discussion

Patients diagnosed with advanced TNBC had a high risk of 
recurrence and poor prognosis. Median OS time after relapse 
or metastasis is about 10 to 12 months.4 The results of che-
motherapy are discouraging. Therefore, many patients accept 
complementary therapies during cancer treatment to improve 
QoL and prolong survival time. The earlier study by Cameron 
and Pauling22 demonstrated that IVC significantly prolonged 
survival time of 11 breast cancer patients in comparison with 
the control candidates (median survival time was 363 days vs 
64 days). Our previous Phase I study21 demonstrated that 1 g/

Table 4.  Adverse Reactionsa.

Adverse Reactions

Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4, n (%)

Z Value P ValueT, n = 35 C, n = 35 T, n = 35 C, n = 35 T, n = 35 C, n = 35 T, n = 35 C, n = 35

Anemia 3 (8.6) 7 (20) 6 (17.1) 12 (34.3) 3 (8.6) 6 (17.1) 1 (2.9) 1 (2.9) −4.27 .000
Leukopenia 5 (14.3) 9 (25.7) 7 (20) 13 (37.1) 4 (11.4) 8 (22.9) 1 (2.9) 1 (2.9) −5.42 .000
Thrombocytopenia 4 (11.4) 8 (22.9) 5 (14.3) 8 (22.9) 5 (14.3) 9 (25.7) 1 (2.9) 2 (5.7) −4.77 .000
Nausea and vomiting 4 (11.4) 9 (25.7) 4 (11.4) 9 (25.7) 2 (5.7) 4 (11.4) 0 1 (2.9) −3.52 .000
Constipation 3 (8.6) 6 (17.1) 2 (5.7) 4 (11.4) 0 0 0 0 −3.21 .001
Alopecia 3 (8.6) 7 (20) 2 (5.7) 4 (11.4) 0 2 (5.7) 0 0 −2.52 .012
Liver and kidney 

dysfunction
5 (14.3) 12 (34.3) 3 (8.6) 6 (17.1) 0 1 (2.9) 0 0 −3.82 .000

Peripheral 
neurotoxicity

2 (5.7) 5 (14.3) 1 (2.9) 3 (8.6) 0 0 0 0 −2.60 .009

Rash 2 (5.7) 4 (11.4) 1 (2.9) 3 (8.6) 0 0 0 0 −2.51 .012

Abbreviations: T, treatment; C, control.
aThe number of adverse reactions in the treatment group was compared with that in the control group. The rank sum test was used. P < .05 indicates 
statistically significant difference.

Figure 1.  Kaplan-Meier plots for progression-free survival 
(PFS). The log-rank test for PFS for the 2 comparisons: active 
arm versus control arm (hazard ratio = 0.3177; 95% confidence 
interval = 0.1022-0.3491; P = .0002).

Figure 2.  Kaplan-Meier plots for overall survival (OS). The 
log-rank test for OS for the 2 comparisons: active arm versus 
control arm (hazard ratio = 0.2542; 95% confidence interval = 
0.06408-0.2311; P < .0001).
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kg/day IVC was safe and well tolerated in non–small cell 
lung cancer patients. Therefore, this is the first study to evalu-
ate the clinical response by administering chemotherapy plus 
IVC in advanced TNBC patients.

In this study, we did not find significant differences of 
tumor RR (RR and CBR, Table 2, P = .470 and .526) between 
the control and treatment groups. However, we noticed that 
KPS scores after 2 cycles of treatment were significantly bet-
ter than in the control group and also than before the treat-
ment, while the control group had no significant change 
before and after the treatment. This indicated that IVC can 
improve general conditions of these patients during chemo-
therapy. It might be due to the ability of IVC to reduce the 
toxicities associated with gemcitabine and carboplatin.

We found that the incidence of grade III-IV adverse reac-
tions in the treatment group was significantly lower than 
that in the control group, which included leukopenia (14.3% 
vs 25.8%), anemia (11.5% vs 20%), and thrombocytopenia 
(17.2% vs 31.4%; Table 4, P < .05). This suggested that 
IVC can significantly decrease the incidence of adverse 
reactions during chemotherapy, improve patient tolerance 
to chemotherapy, and enable the successful completion of 
the whole process. Zhang23 administered traditional Chinese 
medicine (TCM) and chemotherapy to treat TNBC patients 
with liver metastasis, which showed grade III to IV diges-
tive tract reactions were 40%, and that grade III to IV bone 
marrow suppression was 36%. Our study suggested that the 
frequency of the occurrence and the severity of adverse 
reactions during the treatment were significantly reduced in 
comparison with Zhang, indicating that the application of 
IVC in reducing side effects of chemotherapy was better 
than usage of TCM alone (Shugan Jianpi Yishen Tang, 
which contains doses of TCM for dredging the liver, and 
strengthening the spleen and kidney).

Median PFS and OS in the treatment group in this study 
were significantly longer than in the control group. The 
median PFS and median OS of the control group in our 
study were similar to another study,24 which administered 
only carboplatin and gemcitabine; the median time-to-pro-
gression was 7 months, and the median OS was 10.5 
months. It suggested that IVC can prolong the PFS and OS 
of advanced TNBC patients and improve clinical outcome.

The responses of different cancers to IVC therapy are 
different, depending on their underlying mechanisms. 
Several possible anticancer mechanisms of IVC have been 
demonstrated, such as extracellular generation of hydrogen 
peroxide,25 downregulation of hypoxia-inducible factor, 

and enhancement of ten eleven translocation enzyme activ-
ity,26 as well as antioxidant and anti-inflammatory func-
tions.27 In this study, we speculated the possible underlying 
mechanism, which was addressed in our previous in vitro 
study28: vitamin C can modulate the MDA-MB-468 cell 
cycle, suppress the process of angiogenesis, and inhibit cell 
invasion through the EGFR/PI3K/Akt pathway. In many 
cancers, this pathway is overactive, thus reducing apoptosis 
and allowing proliferation.29

Limitations of this retrospective study include 3 aspects; 
first, we reviewed previous clinical data, which restricts the 
analysis of data that are available in those records; second, 
patients were self-selected/self-financed to receive IVC 
therapy, which limited this study from providing more 
robust evidence; third, this study had a small sample size.

Conclusion

This study suggested that although there was no significant 
difference in tumor response between the 2 groups, IVC can 
significantly reduce the side effects from chemotherapy, 
which might contribute to the longer survival of patients in 
the treatment group. Thus, IVC plus chemotherapy might be 
an option for advanced TNBC patients. However, the results 
and limitations that arise from this retrospective study sug-
gest the need for well-designed, prospective randomized 
controlled trials to evaluate the effect of IVC in combination 
with chemotherapy in patients with advanced TNBC.
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