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Abstract. Breast cancer and body weight index: the role of L-carnitine in prediction of answer to treatment and
outcome of tumor in patients with obesity (review of literature). Hojouj M.I.M., Bondarenko I.N., Zavizion V.F.,
Artemenko M.V., Hojouj T.V., Bondarenko Yu.N., Soloviova N.E., Shevchenko Y.A. Increasing the effectiveness
of antitumor therapy in breast cancer patients who take L-carnitine during preoperative systemic antitumor therapy
compared with patients receiving standard neoadjuvant systemic antitumor therapy served as a prerequisite for
studying possible antitumor mechanisms of L-carnitine. The positive effect of L-carnitine is due to the transfer of palm-
n-fatty acid through the inner membrane into the mitochondrial matrix, which contributes to the formation of a
significant number of ATP molecules. It has also been shown that L-carnitine can have a double protective effect,
enhancing the energy dynamics of the cell and inhibiting the hyperexcitability of the cell membrane, making it an ideal
tool for the prevention and treatment of complications of antitumor therapy and concomitant metabolic disorders. This
work summarizes the results of epidemiological and clinical studies on the use of L-carnitine in the treatment of breast
cancer.

Pedepar. Pak MoJ104HOi#i Kes1e3bl M MHIEKC Macchl Teja: PoJib L-KapHUTHHA B MPOrHO3e OTBETA HA JieYeHHe H
HCXO/le ONMYyX0/IM Yy O0JBHBIX ¢ oxupeHHeM (003op Jurtepatypsbl). Xomxkysxk M.I.M., bBounapenxo U.H., 3apn-
3u0H B.®., Apremenko M.B., Xomxky:x T.B., Bongapenko FO.H., ConoBbeBa H.E., IlleBuenko FO.A. [Togviuenue
apgpexmusnocmu npomugoonyxonegoti mepanuu y 6oavnvix PMIK, xomopwie npunumarom L-xapnumun 6o epems
npogedeHUs NpeoonepayuoOHHOU CUCMEMHOU NPOMUBOONYXONe60l Mepanuu, no CPABHEHUI0 ¢ NAYUEHMAMU, NOJY-
YAWUMU CMAHOAPTHYIO HEOAOBIOBAHMHYIO CUCIEMHYIO NPOMUBOONYXOAE8YI0 MEPANUIO, NOCIYHCULO NPEeONOCHLIKOU
O U3YUEHUs B03MONCHBIX NPOMUBOONYXONEBbIX MeXaHUusmMog oelicmeus L-xapnumuna. Ionoscumenvnuiii s¢pgpexm L-
KapuUmuHa o00ycioenen NepeHocoM NATbM-H-JICUPHOU KUCIOMbl Uepe3 6HYMPEHHIOWw MeMOpany & Mampuxc
MUMOXOHOPULL, YUMo cnocobcmayem 0opazoeanuio sHauumenvuo2o konuvecmsea moaexyn AT®. Taxoce ooxkasano, 4mo
L-xaprumun modscem umems 080UHOU 3aUUMHbIL P GeKm, YCunusds IHepeemudecKyio OUHAMUKY KIeMKU U UHUOUPYs
2UNepeo36yOUMOCmb KIemo4HOU MemMOpanvl, ymo oeraem ee UOedibHbM CpeoCmeom Ol NPOPUIAKMUKU U IeHeHUs
OCNOJNCHEHUIl NPOMUBOONYXONEB0ll MEPAnUU U CONYMCMEYIOWUX Memaboaudeckux Hapywenuil. B oaunoii pabome
npugedeHvl 00006WeHHbIe Pe3yTbMAmbl INUOEMUOTOSUYECKUX U KIUHUYECKUX UCCTe008AHULL NO U3YYEHUIO NPUMEHEHUs.
L-xapnumuna 6 neyenuu paka MOIOUHOU JHcenesbl.

The incidence of breast cancer in the world in In analysing the data of the National Cancer
general and in Ukraine in particular is growing. In  Registry of Ukraine, it should be noted, that in
2017, in Ukraine the incidence reached 16 percent of comparison with 2014 year, the prevalence rate of
female population, for which, the breast cancer breast cancer in 2016 has increased by 5,1%, that
ranked first in structure of oncological incidence indicates importance of improvement diagnostic pro-
among women. cedures and methods of treatment it [1].
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Studying the scientific literature on this subject,
we noticed that there is a strong biological rela-
tionship between obesity and a poor outcome of
breast cancer. And having analysed the date of Mi-
nistry of Health in Ukraine it can be concluded, that
about 26% of women in 2017 year had overweight
or obesity [2]. More depressing results show WHO -
in 2016 39% of adults over 18 years (39% of men
and 40% of women) were overweight, while 13% of
the adult population of the planet (11% of men and
15% of women) were obese [14].

Obesity has a chronic metabolic character, which
is the result of the interaction of the endogenous
factors, environmental conditions and lifestyle. En-
dogenous factors could be considered a violation of
the genetic and hormonal balance. The external con-
ditions and type of lifestyle include irregular thythm
nutrition, use of substandard products and sedentary
lifestyle. Obesity is the first risk factor for metabolic
syndrome, diabetes type II, cardiovascular disease
and some forms of cancer, including breast cancer.

Since overweight is a risk factor for breast can-
cer, there is reason to believe that among patients
with breast cancer the percentage of obese women is
higher than in the population. The risk of breast
cancer in postmenopausal women by 30%, it is more
than in premenopausal, women with obesity - 50%.
Furthermore it was proven that obesity is associated
with poor prognosis in patients with breast cancer,
regardless of menopausal status, and effectiveness of
systemic medication breast cancer in patients that
have overweight is lower than in patients with
normal BMI [17].

Analyzing the statistics, it was noted that patients
with breast cancer and normal BMI have a longer
overall and disease-free survival, compared with
patients with breast cancer and obesity. There is also
a strong correlation between obesity and the
involvement of lymph nodes in the cancer process.
These observations show that obesity can enhance
the metastatic spread of breast tumors [6, 7].

Although obesity is associated with a poor
outcome in women with breast cancer, it is unclear
how weight loss after diagnosis will change its cour-
se and results.

Recently, complementary and alternative medi-
cine (CAM) is widely accepted among patients with
breast cancer, which may provide several beneficial
effects including reduction of therapy-associated
toxicity, improvement of cancer-related symptoms,
fostering of the immune system, and even direct
anticancer effects [3].

L-carnitine is a metabolite of Cs oil LC, which is
involved in the transfer of palm-n-LC through the
inner membrane into the mitochondrial matrix and is
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a substrate for the formation of ATP molecules.
Carnitine is a trimethylated amino acid naturally
synthesized in the liver, brain and kidneys from
protein lysine and methionine. Several factors, such
as sex hormones and glucagon, can influence the
distribution and level of carnitine in tissues [2, 18].

In the absence of L-carnitine, the inner mem-
brane of the mitochondria becomes impermeable to
fatty acids, which entails a chain of various meta-
bolic disorders in the human body. Carnitine has a
modulating effect on the function of acetylcholine
excitatory neurotransmitter, glutamate excitatory
amino acid, insulin growth factor-1 (IGF-1) and nit-
ric oxide (NO) [2].

Also proved, that L-carnitine may have a dual
protective effect by enhancing the energy dynamics
of the cell and inhibiting cell membrane hype-
rexcitability, which make it an ideal nutrient for
cancer prevention and treatment [18].

Based on the data that are already studied, it can
be concluded that L-carnitine is the ideal medicine
for treating the metabolic syndrome in obese people.
There is a direct relationship between obesity and
the risk of developing breast cancer. Based on the
data of literature, it can be argued that this risk
directly correlates with the severity of the metabolic
syndrome and with BMI, which causes the urgency
and need for more in-depth study of this problem.

This article presents the information of epide-
miological and clinical studies of the influence of
the body mass index on the effectiveness of breast
cancer treatment by individualizing therapeutic
measures taking into account the characteristics of
patient's metabolism.

The effectiveness of the prescribing of L-car-
nitine for breast cancers' treatment, as well as the
effect of BMI on the outcome of the disease is
proven in epidemiological and clinical studies.

DSM Chan and co-authors (2014) reported that
women who have BMI>30 course and outcomes of
breast cancer are significantly worse than women
with BMI <30. They proved, that women with BMI>
30 have the overall relative risk of total mortality
1.41, women with BMI of 25>30 — 1.07. At the
same time, for every 5 kg/m? of the increase BMI,
the risk of both total mortality and mortality from
breast cancer increased, namely by 18% and 14%,
respectively [5].

M. Protani and co-authors (2010) have shown
that women with breast cancer, who are suffering in
obesity, have lower survival rate than women with
breast cancer without obesity [24].

Recently published data of randomized clinical
reseaches by ML Neuhouser and co-authors (2015)
demonstrated, that for women>50 years old, with 2
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and 3 stages of obesity (BMI>35) is typically the
development of GR+ breast cancer [23].

Similarly, B. Pajares et al., who found signifi-
cantly worse results for patients with BMI>35
compared with patients with BMI<25, stated that the
magnitude of the effect depended on the cancer sub-
type (estrogen receptor (ER)/progesterone (PR)
positive and HER2 negative, HER2 positive, triple
negative) [21].

An analysis of the pooled data of the three
adjuvant studies of the Eastern Cooperative Cancer
Group showed significantly worse results for pa-
tients with obesity (BMI>30) than for patients with
normal BMI with a hormonal receptor-positive di-
sease. And it was noted absence of negative effect of
obesity on survival in patients with other breast
cancer subtypes [22].

C. Fontanella et al. (2015) studied the effect of
BMI on different molecular subtypes of breast can-
cer and concluded that in women with ER / PR-
positive and HER2-negative breast cancer, as well as
with TNBC, the risk of death is significantly higher
than in other subtypes of cancer. This is because the
fatty tissue produces an excessive amount of
estrogen, a high level of which is associated with an
increased risk of developing breast, endometrial,
ovarian and some other cancers. It has also been
proven that the level of adipokine, that promotes cell
proliferation, increases in the blood with increasing
of level of fat in organism. And adiponectin, which
people with obesity have less than people with
normal BMI, can have antiproliferative effects. Such
data can serve as evidence of the effect of BMI on
the course and outcome of breast cancer [16].

Yet another proof of influence developing meta-
bolic syndrome on the course and outcome of breast
cancer was proposed by R. Bhandari et al. (2014).
They proved, that that the presence of metabolic
disorders (that is, the metabolic syndrome) is as-
sociated with an increased risk of breast cancer in
adult women [4].

The above data led to the need to investigate
medicines that contribute to fat burning, such as L-
carnitine. Based on the data provided by Rania
M. Khalil and co-authors (2013), we can prove the
positive effect of this medicine on the course and
outcome of breast cancer. The study showed that pa-
tients who received Tamoxifen with L-carnitine had
significant decrease of Her-2 / neu and IGF-1 level
(P<0.05) in the serum compared with patients who
received only Tamoxifen. Using of L-carnitine led to
significant decrease Her-2 / neu level in the serum
(P<0.05) compared to each of the control patients,
namely, 59.5%. The effect of tamoxifen on IGF-1
(P<0.05) -decrease its level by 5.4% [9].

However, it has been proved that using of L-
carnitine in the treatment of ER+ breast cancer does
not significantly reduce the level of estradiol, but
leads to decrease both tumor markers CEA and
CA15.3 (P <0.05,% decrease by 80.9% and 67,8%,
respectively) [9].

Using of L-carnitine in patients with breast
cancer and obesity improves the metabolism of fatty
acids in mitochondria, restores normal mitochondrial
function and, thus, improves the general condition
and quality of patients' life [19].

Carnitine may also mimic some of the biological
activities of glucocorticoids, particularily immuno-
modulation, via suppressing TNF-a and IL-12 re-
lease from monocytes (5). L-carnitine as adjuvant
therapy in cisplatin-treated cancer patients proved a
beneficial effect in reducing the cisplatin-induced
organ toxicity [25].

It is possible that, the extremely lipophilic nature
of carnitine may be responsible for the decrease in
EGF binding [10]. Carnitine may insert in the cell
membrane and/or interact with one of the many
cellular enzymes having lipid substrates or cofactors.
In addition, carnitine may interact directly with the
EGEFR [15].

Experimental evidence is available showing that
active forms of oxygen may induce the ligand-
independent phosphorylation of the EGFR activating
Her-2/neu. Moreover, the expression of the receptor
is induced in conditions of oxidative stress [20].

L-carnitine, via its free radical scavenging and
antioxidant properties, may inhibit ROS-mediated
EGFR phosphorylation. It has been found that
palmitoyl-carnitine can inhibit the activity of heart
and brain protein kinase C in a competitive manner
and subsequent phosphorylation of the EGFR [8].

Although the tumor markers and IGF-1 showed
no significant difference in TAM-treated patients
before and after administration of L-CAR, there was
a tendency to decline it after L-CAR supplemen-
tation [9].

The results of the above studies became a pre-
requisite for conducting clinical studies aimed at
establishing the role of L-carnitine in the treatment
of breast cancer. To date, the search in the online
clinical research registration system Clini-
calTrials.gov using key words L-carnitine + breast
cancer has revealed several studies evaluating the
efficacy and safety of L-carnitine in the treatment of
breast cancer patients [9]. Analyzing the obtained
results, we can conclude that L-carnitine was the
medicine of choice for neuropathies, as a con-
sequence of chemotherapy, in patients with breast
cancer [13].
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CONCLUSIONS

L-carnitine is widely used in clinical practice.
However, recently this medicine causes growing
interest among oncologists. In a number of studies,
L-carnitine has proven itself as a medicine that
capable, during the preoperative systemic antitumor
therapy, to increase its effectiveness compared with

standard neoadjuvant systemic antitumor therapy.
To date, there are several clinical studies that are
reseaching using L-carnitine in various malignant
tumors, the results of which are the basis for further
in-depth study of the effect of the medicine in the
treatment of malignant neoplasms.
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