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Increased Vitamin C Intake Is Associated With Decreased
Pancreatic Cancer Risk
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Abstract

Background: Patients with pancreatic cancer have an unfavorable
S-year survival rate of approximately 3% due to diagnosis occurring
at advanced stages. Prior research has proposed vitamin C may have
a therapeutic and preventative role in pancreatic cancer.

Methods: A Health Insurance Portability and Accountability Act
(HIPAA) compliant national database was utilized to assess pancreat-
ic cancer risk in patients with or without a history of vitamin C intake.
The International Classification of Diseases (ICD) codes were used,
specifically the International Classification of Diseases, 10th Edition
(ICD-10) and International Classification of Diseases, Nineth Edition
(ICD-9), between January 2010 and December 2020. Patients were
matched, and statistical analyses were implemented. Chi-squared, lo-
gistic regression, and odds ratio were used to test for significance and
to estimate relative risk.

Results: A total of 83,941 patients were identified as utilizing pre-
scribed vitamin C. Subsequent matching by Charlson Comorbidity
Index (CCI) score and age resulted in two groups of 50,384 patients.
The incidence of pancreatic cancer was 243 (0.48%) in the group
with a history of vitamin C intake compared to 442 (0.88%) in the
control group. The difference was statistically significant by P <
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3.174 x 10"'* with an odds ratio of 0.548 (95% confidence interval
(CD): 0.468 - 0.641). Overall, patients without vitamin C prescrip-
tion had an increased prevalence of pancreatic cancer throughout all
ages and regions of the United States when compared to those with
a vitamin C prescription. In addition, healthcare costs were higher
in total for the control group when compared to the experimental

group.

Conclusions: This retrospective cohort study found a statistically
significant correlation between vitamin C and subsequent incidence
of pancreatic cancer. Further studies are recommended to explore vi-
tamin C’s redox and cofactor activity in the context of preventing
and possibly treating pancreatic cancer, as well as consider pancreatic
cancer lifestyle risk factors such as smoking.
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Introduction

Pancreatic cancer is the seventh leading cause of cancer-relat-
ed deaths worldwide [1]. In the United States, approximately
30,000 individuals are newly diagnosed with pancreatic cancer
each year, with a higher incidence in men when compared to
women. Accounting for all stages of cancer, the 5-year sur-
vival rate is 4%, which can be attributed to the fact that once
this cancer presents it is usually at a very advanced stage. In
fact, metastatic disease is present in 80% of newly diagnosed
pancreatic cancer cases [2]. Even though treating pancreatic
cancer with surgical resection improves the 5-year survival
rate to 40%, most patients are elderly individuals whose co-
morbidities decrease the probability of a favorable outcome.
Not to mention most of the patients are not eligible for surgical
intervention due to the presence of metastatic disease at the
time of diagnosis [2, 3].

As a result, carly diagnosis as well as prevention is im-
portant in reducing the incidence of pancreatic cancer. Cur-
rently, prevention focuses on diminishing known modifiable
risk factors for pancreatic cancer development such as long-
term smoking, obesity, and diabetes mellitus [2, 4, 5]. Unfortu-
nately, many risk factors are non-modifiable such as advanced
age, male sex, low socioeconomic status, and Ashkenazi Jew-
ish heritage [2, 5, 6].

Current literature suggests that vitamin C decreases
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low-density lipoprotein (LDL) and cholesterol significantly,
not only reducing the risk for cardiovascular disease but also
targeting one of the modifiable risk factors for pancreatic
cancer [7]. Unsurprisingly, vitamin C is an essential micro-
nutrient that serves various important biological functions.
These functions include, but are not limited to, enhancing
the immune system function via natural killer, T cell, and
monocyte activation. Additionally, vitamin C serves as an
enzyme cofactor for collagen and carnitine synthesis and
serves as a gene regulator via its effect on transcription fac-
tors [8-13].

In addition, vitamin C is also used to prevent and treat
a multitude of ophthalmological, neurological, and car-
diovascular conditions ranging from glaucoma to cerebro-
vascular accidents [14-17]. Regarding its anticarcinogenic
role, it has been hypothesized that vitamin C has anticar-
cinogenic properties attributed to its ability to neutralize
free radicals, role as a gene expression regulator, and abil-
ity to induce the degradation of hypoxia-inducible factor,
hypoxia-inducible factor 1 (HIF-1), which is essential for
tumor cells to survive in hypoxic conditions. The effects of
vitamin C on cancer development are dependent on whether
the route of administration is oral or intravenous, as well as
the presence of vitamin C transporters in malignant cells.
Some tumor cells have an increased expression of sodium-
dependent vitamin C transporter 2 (SVCT2) and/or glucose
transporter 1 (GLUTI), which are transporters that allow
for increased absorption of vitamin C when compared to
normal cells [18]. Especifically, pharmacological doses of
vitamin C may be a promising therapeutic option for pan-
creatic cancer. In vivo treatment with ascorbate showed to
inhibit viability in all pancreatic cells by inducing caspase-
independent cell death that was associated with autophagy.
However, ascorbate had no effect on an immortalized pan-
creatic ductal epithelial cell line [19]. More research is there-
fore required to explore if these results can be replicated in
individuals with pancreatic adenocarcinoma, as a cell line
is not equivalent to a complex organism such as the human
body. In fact, current research has already begun exploring
the safety and synergistic effect of intravenous vitamin C in
the context of pancreatic cancer treatment. A phase I clini-
cal trial demonstrated that vitamin C is well tolerated when
combined with the chemotherapeutic agent, gemcitabine, in
patients with pancreatic adenocarcinoma [20]. Not to men-
tion, the same clinical trial hypothesized that vitamin C may
act as a pro drug to cytotoxic chemotherapeutic agents by
aiding in the delivery of hydrogen peroxide to pancreatic
tumors, resulting in oxidative stress and tumor cell destruc-
tion [20]. It is important to note that pharmacological doses
of vitamin C must be administered intravenously for plasma
concentrations to be high enough to reach antitumor activ-
ity based on pre-clinical studies [21]. In summary, current
research has focused on the potential therapeutic role of
intravenous vitamin C in the context of pancreatic cancer.
However, further research is needed to explore whether or
not pharmacological doses of vitamin C could be used to
prevent or delay the development of pancreatic cancer in
high-risk populations.
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In turn, the aim of our study was to explore prevention
of pancreatic cancer development with a focus on vitamin C.

Materials and Methods

Data extraction and analysis

The Humana Health Insurance Portability and Account-
ability (HIPAA) compliant national database was used and
granted accessed by Holy Cross Health, Fort Lauderdale,
Florida, solely for academic research purposes. A retrospec-
tive analysis was conducted from January 2010 to December
2020 using the International Classification of Disease Ninth
and 10th Revision (ICD-9, ICD-10) codes for pancreatic
cancer and National Drug Codes (NDC) and Generic Drug
codes for vitamin C. From the 52,755,043 HIPAA compli-
ant patient records, 83,941 patients were identified as ac-
tively being prescribed vitamin C. Subsequent matching by
Charlson Comorbidity Index (CCI) score and age resulted
in two groups in each the experimental and control group
of 50,384 patients as seen in Figure 1. A statistical analysis
was then conducted to evaluate the number of patients from
each group that developed pancreatic cancer. In turn, the
development of pancreatic cancer was the primary outcome
measure of this study. Statistical analysis was performed us-
ing the PearlDiver statistical analysis software; specifically,
we performed Chi-squared tests, calculated odds ratios, and
estimated relative risk. Further analysis encompassed data
stratification of the patient demographics in the control and
experimental groups. Moreover, the inclusion criteria in-
cluded active status in the database for at least 8 years and
verified prescription of pharmacological doses of vitamin C.
Of note, the database used for this study did not delineate the
exact doses of vitamin C prescribed.

Literature review

The goal of the literature review was to gather data pertaining
to any relationships between vitamin C and pancreatic cancer.
The review was conducted using PubMed as the main database
and used the keywords: “pancreatic cancer”, “ascorbic acid”,
“vitamin C”. Currently available research tends to agree with
the hypothesis that vitamin C may decrease the risk of devel-
oping pancreatic cancer. However, two studies stated that there
was no association between vitamin C and pancreatic cancer,
and one stated that there was insufficient evidence to formulate
a conclusion. In terms of gaps in the current literature, there
is a need to conduct a study with a population encompassing
more than one US state.

IRB approval

This study was exempt from IRB approval because all data
were obtained from a database that provided deidentified pa-
tient information, and the declaration of ethical compliance
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Figure 1. Flowchart of incidence of pancreatic cancer in patients with and without history of prescribed vitamin C. Left side: total
patients in the database (n = 52,755,043). First and second column from the left: evaluation of incidence of pancreatic cancer in
patients without a prior history of being prescribed vitamin C (dark blue, n = 50,384) and with prior prescription of vitamin C (light
blue, n = 50,384). Third column from left: additional stratification and matching were done based on patient comorbidities and
age, illustrating the incidence of pancreatic cancer in matched groups with and without vitamin C prescription (light blue and dark
blue respectively, n = 243 and n = 442). The difference between experimental and control group was statistically significant by P
< 3.174 x 10""* with an odds ratio of 0.548 (95% confidence interval (Cl): 0.468 - 0.641).

with human study is not applicable.
Results

Patients with history of prescribed vitamin C use had a
decreased incidence of pancreatic cancer when compared
to the control group

The incidence of pancreatic cancer was 243 (0.48%) in the
group with a history of vitamin C intake compared to 442
(0.88%) in the control group as shown in Figure 1.

The difference was statistically significant by P < 3.174
x 10714 with an odds ratio of 0.548 (95% confidence interval
(CI): 0.468 - 0.641).

Patients with history of prescribed vitamin C use had a
decreased incidence of pancreatic cancer across all re-
gions of the United States when compared to the control

group

We stratified the data based on region of residence within the
United States. Specifically, we assessed the rate of pancreatic
cancer development in the Midwest, Northeast, South, and
West. In all regions, results consistently showed a reduced rate
of pancreatic cancer within the experimental group. As seen in
Figure 2, throughout all regions individuals within the control
group were at least 1.34 times more likely to be diagnosed with
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pancreatic cancer.

Patients with history of prescribed vitamin C use had a
decreased incidence of pancreatic cancer across all age
groups when compared to the control group

As seen in Figure 3 and Table 1, the data were also analyzed
based on age of diagnosis. As expected, the highest incidence
of pancreatic cancer was seen from ages 70 - 74. Moreover,
patients from the control group consistently had a higher in-
cidence of pancreatic cancer throughout all age groups when
compared to the experimental group.

Furthermore, Figure 4 showcases how we assessed the in-
cidence of pancreatic cancer diagnosis per year dating from
2011 to 2019. We found that there was a higher incidence
within the control group except for the years 2012 and 2015.

Patients with history of prescribed vitamin C use who
were diagnosed with pancreatic cancer had longer length of
stay (LOS) in the hospital but decreased healthcare costs when
compared to the control group.

Financial data and LOS were also analyzed utilizing
matched data. On average, patients diagnosed with pancreatic
cancer in the experimental group stayed 0.71 more days in the
hospital than pancreatic cancer patients in the control group,
with the longest LOS being in the Northeast region of the United
States for both groups. However, pancreatic cancer patients in
the control group paid 17,450 dollars more on average. In terms
of the geographical region with higher costs, Northeast region of
the United States had the highest total paid for the experimental
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Figure 2. Regional Distribution. This bar chart shows the number of patients with pancreatic cancer sorted by United States
region without prior history of prescribed vitamin C (dark blue) and with prior history of prescribed vitamin C (light blue). Patients
from the control group located in the southern region display the highest incidence of pancreatic cancer in both groups.

group and the Southern region for the control group. relation was found between vitamin C and subsequent inci-

dence of pancreatic cancer. A possible explanation for these
results may relate to vitamin C’s ability to reduce serum LDL

Discussion and triglycerides [7]. Vitamin C can reduce reactive oxygen
species leading to lower plasma lipid peroxide levels which
In this retrospective cohort study a statistically significant cor- halts oxidative modification of LDLs. Ultimately, this interac-

546

Pancreatic Cancer Diagnosis by Age
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Figure 3. Age Distribution. Incidence of pancreatic cancer is sorted by age in patients without history of prescribed vitamin C
(dark blue) and no history of prescribed vitamin C (light blue) groups. Patients in the experimental group showed consistently
lower numbers of pancreatic cancer cases in all age ranges and the number of pancreatic cancer cases peaked in the age range
70 - 74 for both groups. The difference between experimental and control group was statistically significant by P < 3.174 x 10-14
with an odds ratio of 0.548 (95% confidence interval (Cl): 0.468 - 0.641).
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Table 1. Summary of Patient Factors

Control and PC Experimental and PC
Age (year) 64.17 +10.99 64.93 +10.04
Sex
Female 194 (43.9) 150 (61.7)
Male 248 (56.1) 93 (38.3)

Comparison of baseline characteristics of PC patients according to PC
patients with/without vitamin C prescription (experimental and control
group respectively). Values are expressed as meanzstandard devia-
tion or frequencies (percentages). PC: pancreatic cancer.

tion results in a prompter removal of LDL from the blood via
catabolic pathways [22, 23].

Moreover, vitamin C may have antineoplastic properties
at pharmacological doses. Recent literature has proposed that
breast cancer cells consume vitamin C via SVCT2 and GLUTs,
which can be damaging to the cell in pharmacological or ex-
cessive doses. Vitamin C damages the cell by producing hy-
drogen peroxide extracellularly, in turn leading to oxidative
stress and contributing to cell death [19, 24]. Unlike cancer
cells, non-neoplastic breast cells do not absorb as much vita-
min C due to a lesser amount of cell surface transporters. It is
important to conduct similar research with pancreatic cells, as
this is a promising mechanism that could be exploited to even-
tually utilize vitamin C as a component of a mainstay treat-
ment for pancreatic cancer.

In addition, the data also supported lower healthcare costs
as well as a longer LOS in the experimental group. We hypoth-
esize this particular result may be product of confounding vari-
ables such as socioeconomic status and lifestyle choices such

as smoking. In 2016, The Agency for Healthcare Research and
Quality reported the rate of inpatient stays for each US census
division and found that in every single region the individuals
with the lower income had the highest rate of inpatient stays
[25]. Moreover, it is important to note that these differences in
LOS may be related to trust in the healthcare system and per-
sonal decisions to pursue palliative care at home [26].

In terms of limitations, our study did not stratify data
based on ethnicity or race as the database we utilized does not
contain that information. Since this may be a possible con-
founding variable, it limits the validity of the study. Moreover,
the database also did not report the route of administration of
vitamin C or lifestyle factors such as smoking as well as fam-
ily history. In turn, future research will likely be necessary to
confirm our findings by addressing these limitations.

Conclusions

This study shows a statistically significant correlation between
history of prescribed vitamin C use and a decreased incidence
of pancreatic cancer. There is a need for further research to
understand the role of vitamin C in the context of pancreatic
cancer prevention.
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