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Abstract
Objective: To investigate the effect of coenzyme complex on decreasing cardiotoxicity in elderly patients with
gastrointestinal cancer who were treated by chemotherapy. Methods: From September 2011 to February 2015,
we recruited 54 elderly (with more than 70 years of age) patients with gastrointestinal cancer, with advanced
disease. Then treated with chemotherapy combined with or without coenzyme complex. After two cycles of
treatment, the effect of coenzyme complex on decreasing cardiotoxicity were evaluated. Results: Chemotherapy
was combined with coenzyme complex in 32 patients (22man, 10 woman; median age: 74 years, range: 70-87
years) without coenzyme complex in 22 patients (15man, 7 woman; median age: 73 years, range: 70-80 years) with
gastrointestinal cancer. Cardiac event was significantly lower in patients treated with chemotherapy combined
with coenzyme complex (p<0.01). Conclusions: Coenzyme Complex decreased cardiotoxicity when combined
with chemotherapy in treating elderly patients with gastrointestinal cancer.
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Introduction
It is estimated that the incidence and prevalence of
cancer are increasing in the elderly populations in the
world and more than 60% of cancers were diagnosed
among persons of more than 65 years of age (Yancik et
al., 1997; Siegel et al., 2012; Liu et al., 2013; Weiet al.,
2013; Xu et al., 2013; Liuet al., 2014). Because aging is
linked with a progressive reduction in functional status and
with an increased prevalence of chronic diseases and of
debilitating conditions and this linkage leads to increased
susceptibility to diseases and to stress, resulting in an
increased risk of death, the treatment in elderly patients
with cancer should be specially arranged (Theou et al.,
2014). Gastric cancer is a disease of elderly people. The
number of patients aged ≥70 years with gastric cancer is
increasing in China. Regarding colorectal cancer, almost
75% of patients are more than 65 years of age and the
median age at diagnosis is 70 years (Köhne et al., 2008).
Despite this, elderly patients are typically excluded in
clinical trials, with less than 10% of patients enrolled in
cancer clinical trials included patients more than 70 years
of age (Labianca et al., 2010). Thus, for elderly people,
chemotherapy for gastric and colorectal cancer remains
the combination of standard chemotherapy (including
5-Fu, oxaliplatin, and irinotecan) and targeted therapies
(including cetuximab and bevacizumab) and is considered
as guideline base regimens that is believed to be associated

with an increasing of survival time. For patients with
gastric cancer, these combinations typically also include
5-Fu/epirubicin (pirarubicin)/oxaliplatin (cisplatin), 5-Fu/
paclitaxel/oxaliplatin, 5-Fu/docetaxel/oxaliplatin, 5-Fu/
paclitaxel/cisplatin and 5-Fu/docetaxel/cisplatin, etc. For
patients with colorectal cancer, the addition of irinotecan
to bolus 5-fluorouracil/leucovorin (5-FU/LV) increased
median survival from 12 to 14.8 months (Saltz et al.,
2000) for patients with an advanced disease. Doublets
such as irinotecan plus infusional 5-FU/LV (FOLFIRI)
or oxaliplatin plus infusional 5-FU/LV (FOLFOX)
prolonged median survival to more than 20 months (de
Gramont et al., 2000; Douillard et al., 2000; Goldberg et
al., 2004; K¨ohne et al., 2005). Nevertheless, many elderly
patients failed to tolerate treatment due to chemotherapyrelated complication that increases with age, especially
cardiotoxicity. One of the basic chemotherapeutic agents
in these regimens is 5-Fu. A severe side effect to 5-Fu
based treatment is cardiotoxicity, which often presents
as myocardial ischemia, and to a lesser extent cardiac
arrhythmias, hyper- and hypotension, left ventricular
dysfunction, cardiac arrest and sudden death (Rezkalla
et al., 1989; Meyer et al., 1997; Meydan et al., 2005; Ng
et al., 2005; Kosmas et al., 2008; Polk et al., 2013). The
incidence of 5-FU-induced cardiotoxicity varies between
0-35% and may depend on dose, cardiac comorbidity
and schedule of chemotherapy (Meyer et al., 1997;
Kosmas et al., 2008; Polk et al., 2013). Another concern
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is anthracyclines, and epirubicin and pirarubicine are now
seldom used for the management of patients in this setting.
In case of gastric cancer, approximately 25% of patients
may be eligible to receive trastuzumab, a monoclonal
antibody that may cause a generally reversible decline
in ejection fraction. Thus, how to control side effects
of chemotherapy, especially cardiotoxicity, in elderly
patients with gastrointestinal cancers are a research focus
in clinical practice.
According to this background, we hypothesize that
coenzyme complex could decrease cardiotoxicity when
combined with chemotherapy in treating elderly patients
with gastrointestinal cancer.

Materials and Methods
Patients
All patients were required to be pathologically/
cytologically diagnosed with gastric or colorectal cancer
and received chemotherapy in Jiangsu Cancer Hospital
& Research Institute from September 2011 to February
2014. Eligibility criteria were as follows: (1) to be aged
more than 70 years; (2) to have a score of karnofsky
performance status (KPS) ≥70; (3) to sign an informed
consent before treatment; . (4) to have blood test results
meet the following requirements: white blood cell
count>3.0× 109/l and platelet count>150×109/l, bilirubin
and transaminases<1.5 times the upper normal limit and
creatinine leval<1.5 times the upper normal limit; (5) to
have a LVEF considered normal according to the lower
limit of the normal range. Patients were excluded from this
study: (1)failed to complete two cycles of chemotherapy;
(2)with any serious medical or psychiatric condition;
(3)to have experienced a myocardial infarction in the
previous year, a history of uncontrolled angina pectoris, or
symptomatic valvular heart disease; (4) suffer from other
malignancies at the same time. All patients were divided
into two groups, chemotherapy with (Group A) or without
enzyme complex (Group B).
Monitoring
Prior to chemotherapy, all eligible patients
underwent cardiac assessment, tumor assessment,
physical examination, evaluation of medical history and
performance status (PS) according to KPS criteria, and
routine blood tests.
Treatment
Coenzyme complex was given from the first dose for
a minimum of two cycles. Patients with stable disease,
or better, continued their assigned treatment for a
maximum of six cycles. Appropriate supportive therapies,
including hematopoietic growth factors, were given
according to the condition of each patient. All patients
received the chemotherapy regimen based on a routine
arrangement, after informed consent was signed. The
doses of chemotherapy were reduced by 50% in case of a
bilirubin value between 1.5 and 3.0 mg/dl and by 75% for
a value more than 3.0 mg/dl. Treatment was discontinued
if patients developed progressive disease, clinical signs
of CHF, experienced a cardiac event or unacceptable
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toxicities.
Thirty minutes before chemotherapy, 4ml coenzyme
complex with 250ml 5%GS was infused intravenously
over approximately 45 min. Treatment cycles were
repeated every 3 weeks provided the neutrophil count
was ≥1.5 × 109/l and the platelet count was ≥100 × 109/l,
otherwise chemotherapy were delayed and coenzyme
complex was continued until hematological recovery.
Hematology, serum chemistries, performance status and
adverse events graded according to Common Toxicity
Criteria (CTC) version 2.0 were assessed before each
cycle and at the first follow-up visit (within 30–45 days
after treatment completion). Cardiac evaluation consisted
of physical examination, blood pressure measurements,
and ECG. Cardiac assessments were performed with
every cycle during chemotherapy. Chemotherapy was
based on previous records, e.g., LV 200 mg/m2/day
was administered intravenously for 2 h; a bolus IV of
5-FU 400 mg/m2 was administered, which was followed
by intravenous administration of 5-FU 600 mg/m 2
continuously for the remaining 22 h, continued for 2
days; oxaliplatin 85 mg/m2 was infused for 2 h only on
day 1. A prophylactic antiemetic and sufficient fluid were
infused on days 1 and 2 of chemotherapy. This regimen
was administered every 2 weeks.
Evaluation of a cardiac event
The primary efficacy parameter was the incidence
of cardiac events. A cardiac event was defined as: the
appearance of clinical signs of cardiac insufficiency
(graded according to the New York Heart Association
classification of cardiac status) and ECG manifestation.
All symptoms of toxicity were evaluated according to the
Common Toxicity Criteria (CTC) version 2.0.
Statistical Analysis
Statistical comparison between two treatment groups
for categorical variables was made with Pearson’s chisquare test or Fisher’s exact test, as appropriate.

Results
Patients
There were 32 patients (22man, 10 woman; median
age: 74 years, range: 70-87 years) in Group A and 22
(15man, 7 woman; median age: 73 years, range: 70-80
years) in Group B. Demographic factors and disease
status of patients in Group A and B were comparable at
baseline. The majority of patients had a KS PS of more
than 70. All chemotherapy administered to Group A with
coenzyme and Group B contained 5-Fu. Paclitaxel and
docetaxel were prescribed only in patients with gastric
cancer. Primary reasons for premature withdrawal from
the study were those who did not tolerate chemotherapy.
Evaluation of cardiac protection
Significantly fewer cardiac events occurred in the
coenzyme complex group compared with the control
group (P<0.05). Nine patients receiving coenzyme
complex experienced a cardiac event versus 15 patients
in Group B.
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Evaluation of safety
The majority of patients experienced at least one
adverse event, with the most common being nausea,
vomiting, neutropenia, leucopenia, anemia, diarrhea
and peripheral neuropathy. The incidence of adverse
events was comparable between the two groups with
the possible exceptions of peripheral neuropathy, which
appeared more frequent in patients with gastric cancer
who were treated with a combination of 5-Fu, paclitaxel
and oxaliplatin. Stomatitis appeared more frequently in
patients with colorectal cancer who were treated with
FOLFOX regimen. Neutropenia was the most common
grade 3/4 toxicity, occurring in approximately one-third
of patients with in either group. Few patients in Group
A than Group B experienced at least one serious adverse
event; the incidence was similar for both groups, although
febrile neutropenia appeared to be slightly higher among
coenzyme complex-treated patients. There were no
differences between groups with respect to biochemical
or hematological laboratory measurements. No treatment
related death occurred in both groups.

Discussion
Epirubicine, adriamycine and pirarubine are the
main anthracyclines prescribed to treat gastric cancer.
But, cardiotoxicity limits their clinical use, because of
the association with myocardial injury (Lipshultz et
al., 1997). Previous researches suggested that very low
dose of anthracycline could cause subclinical cardiac
abnormalities (Ewer et al., 1984; Speyer et al., 1988;
Speyer et al., 1992) and these cardiac damages could be
irreversible and potentially progressive with subsequent
dose of anthracycline. Impaired cardiac function can result
in clinically overt disease manifest as congestive heart
failure, which can occur in adult patients at any stage
during or following treatment. The development of clinical
signs of heart failure may result in severe, disabling
morbidity and increased mortality. Thus, anthracyclines
are seldom used at present in the treatment of elderly
patients with gastric cancer in China.
Paclitaxel and docetaxel are the main component of
combined chemotherapy for patients with gastric cancer.
Paclitaxel and docetaxel could cause cardiac toxicity at
an incidence rate of 0.5% in the form of sub-acute or
acute bradycardia, heart block, and atrial or ventricular
arrhythmias (Untch et al., 2010). Paclitaxel combined with
anthracyclines could reduce anthracycline elimination,
foster anthracycline-associated cardiotoxicity, and
especially, induce congestive heart failure (Holmes et
al., 1996; Untch et al., 2010). Regarding docetaxel, it
exerts the actions by stabilising microtubules, and it
induces contractile dysfunction and induces heart failure
in patients with left ventricular dysfunction (Shimoyama
et al., 2001).
Another important and frequently used
chemotherapeutic agent in treating patients with gastric
and colorectal cancer is 5-Fu and its analogues. A severe
side effect to 5-Fu and its analogues is cardiotoxicity.
Animal studies suggested that 5-Fu induced pathological
changes in the myocardium as well as on the endothelium

(Kinhult et al., 2003). In the myocardium, the damages
were supposed to depend on the dose of 5-Fu used, because
high doses cause more significant injuries (Tsibiribi et al.,
2006). The mechanism of 5-Fu induced cardiotoxicity
could also involve oxidative stress (Lamberti et al.,
2012). Reactive oxygen species, i.e.., superoxide anions
are under normal physiological conditions cleared by
antioxidant defense systems, e.g., sodium oxide dismutase
and glutathione. Similarly, Kinhult et al. (Kinhult et al.,
2003) suggested that 5-Fu induced damage to the arterial
endothelium may be due to generation of free radicals,
resulting in lipid peroxidation. Their demonstration of
a protective effect of probucol on arterial endothelium
in rabbits treated with 5-FU supports this statement.
In patients with acute 5-Fu induced cardiotoxicity, the
mechanism was hypothesized to be vasospasm that
caused myocardial ischemia (Kim et al., 2012; Ozturk
et al., 2013). And, vasospasm of coronary artery was
visualized during coronary angiography in some cases
(Luwaert et al., 1991; Shoemaker et al., 2004; Alter et
al., 2006). Peripherally, vasoconstriction of the brachial
artery was observed immediately after 5-Fu injection
(Sudhoff et al., 2004; Salepci et al., 2010). Thus, it is also
hypothesized that vasoconstriction detected peripherally
after 5-Fu injection occurs in the coronary arteries as
well. While vasoconstriction is observed immediately
after 5-Fu injection, clinical cardiotoxicity often presents
at the end of infusion, or hours to days later or may
occur after several series of 5-Fu or its analogues (Polk
et al., 2013). Most important, high plasma levels of
endothelin-1 observed by Thyss et al. in 5-Fu treated
patients, and especially in patients experiencing 5-Fu
induced cardiotoxicity, supported this hypothesis (Thyss
et al., 1992). Endothelin-1 is a potent vasoconstrictor
produced by endothelial cells, cardiomyocytes and
cardiac fibroblasts (Levin et al., 1995; Khimji et al.,
2010). Endothelin-1 is known to have a regulatory role
in coronary vascular resistance and myocardial capillary
blood flow in coronary artery diseases (Kinlay et al., 2001;
MacCarthy et al., 2001; Khimji et al., 2010).
Our current study suggested that cardiac event was
significantly lower in patients treated with chemotherapy
combined with coenzyme complex.The main component
of coenzyme complex prescribed in our study is coenzyme
A, glutathione and ATP. We supposed the explanation
could involve several points. First, coenzyme is a
substance which enhances cell membrane stabilization
and mitochondrial energy production, and also has
antioxidant effects (Shekelle et al., 2003; Molyneux et
al., 2008). Recent studies suggested the role of oxidative
stress and inflammation in the treatment of heart failure
(Shekelle et al., 2003; Molyneux et al., 2008). Second,
glutathione is the major intracellular antioxidant and
is a major defense system against oxidative stress. In
cardiomyocytes, glutathione is particularly important
(Doroshow et al., 1980). Unfortunately, after exposure
to chemotherapy, glutathione in cardiomyocytes are
diminished to a significant extent (Doroshow et al., 1980;
Siveski-Iliskovic et al., 1995). This is probably why
cardiomyocytes are more susceptible to chemotherapy
than other types of cells. Third, long chain fatty acids
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are the major substrates for energy production and
provide 60% to 90% of the ATP used for contraction in
heart (van der Vusse et al., 1992; Ventura-Clapier et al.,
2004). Cardiac hypertrophy resulting from ischemia,
and infarction is associated with a metabolic switch in
fuel substrates, decreasing fatty acids oxidation while
increasing glucose metabolism (Iozzo et al., 2004).
Coenzyme A, a membrane-associated enzyme presents on
the mitochondria and endoplasmic reticulum that catalyzes
the activation of long chain fatty acids. Coenzyme A is
highly expressed in oxidative tissues from brown adipose
tissue to heart, and depleting cardiac coenzyme A results
in a 90% decrease in the mitochondrial oxidation of long
chain fatty acids (Ellis et al., 2011). A cardiomyocyte
specific deficiency of coenzyme A synthesis prevents
the use of fatty acids for oxidation. Thus, coenzyme
A deficient hearts depend on the oxidation of glucose,
amino acids, and ketones for contractile energy and
progressively develop cardiactoxicity (Ellis et al., 2011;
Paul et al., 2014).
Thus in conclusions, our current study suggested that
coenzyme complex could decrease cardiotoxicity when
combined with chemotherapy in treating elderly patients
with gastrointestinal cancer.
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