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Abstract
Background and objective Paclitaxel and doxorubicin are associated with neurotoxicity and cardiotoxicity respectively. 
This study aimed at investigating the role of alpha-lipoic acid (ALA) in counteracting paclitaxel-induced neuropathy and 
doxorubicin-associated cardiotoxicity in women with breast cancer.
Patients and methods This randomized double-blind placebo-controlled prospective study included 64 patients with breast 
cancer who were randomized into control group (n = 32) which received 4 cycles of doxorubicin plus cyclophosphamide 
(every 21 days) followed by weekly doses of paclitaxel for 12 weeks plus placebo tablets once daily and ALA group (n = 32) 
which received the same chemotherapeutic regimen plus ALA 600 once daily for 6 months. Patients were assessed by 
National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE version 4.0) for grading of neu-
ropathy and by 12-item neurotoxicity questionnaire (Ntx-12). The assessment included also echocardiography and evalua-
tion of serum levels of brain natriuretic peptide (BNP), tumor necrosis factor-alpha (TNF-α), malondialdehyde (MDA), and 
neurotensin (NT). Data were analyzed by paired and unpaired t-test, Mann–Whitney U test, and chi-square test.
Results As compared to placebo, ALA provoked significant improvement in NCI-CTCAE neuropathy grading and Ntx-12 
score after the end of  9th and  12th weeks of paclitaxel intake (p = 0.039, p = 0.039, p = 0.03, p = 0.004, respectively). At the 
end of the chemotherapy cycles, ALA resulted in significant decline in serum levels of BNP, TNF-α, MDA, and neurotensin 
(p < 0.05) as compared to baseline data and placebo.
Conclusion Alpha-lipoic acid may represent a promising adjuvant therapy to attenuate paclitaxel-associated neuropathy and 
doxorubicin-induced cardiotoxicity in women with breast cancer.
Trial registration ClinicalTrials.gov: NCT03908528.
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Introduction

Breast cancer represents the most frequently diagnosed 
malignancy and the second most common cause of can-
cer death worldwide [1]. Paclitaxel and doxorubicin are 
cytotoxic agents that are commonly used for treatment of 
breast cancer. Despite their effectiveness, both paclitaxel 
and doxorubicin are associated with cumulative and poten-
tial neurotoxicity and cardiotoxicity respectively [2, 3].

Paclitaxel-induced peripheral neuropathy (PN) is a 
consequence of activation of the inflammatory cascade 
with subsequent increased pro-inflammatory cytokine 
production including tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and interleukin-6 (IL-6) [4]. More-
over, paclitaxel can upregulate matrix metalloproteinase-3 
(MMP3) which plays an important role in the inflamma-
tory and degenerative processes following nerve injury 
[5]. Oxidative stress plays a critical role in doxorubicin-
associated cardiotoxicity through direct cellular damage, 
induction of apoptosis, and activation of nuclear factor-
kappa B (NF-ĸB) which in turn stimulates the production 
and release of inflammatory mediators [6].

Tumor necrosis factor-alpha (TNF-α) is a well-known 
inflammatory cytokine and potential mediator for the 
development of peripheral neuropathy [7]. Tumor necro-
sis factor-alpha (TNF-α) signaling-dependent vascular 
inflammation is among the candidate targets for mitigating 
doxorubicin-associated aortic stiffening and cardiotoxicity 
[8]. Malondialdehyde (MDA) is one of the end products 
of lipid peroxidation and represents a useful biomarker for 
oxidative stress which was identified to be one of the main 
mechanisms involved in neuropathy [9] and chemotherapy-
induced cardiotoxicity [10]. Neurotensin is an endogenous 
neuropeptide involved in modulation of pain signal trans-
mission and perception [11]. Neurotensin stimulates mast 
cells which in turn release numerous neurosensitizing and 
pro-inflammatory mediators with subsequent exacerbation 
of neuropathic pain [12]. Brain natriuretic peptide (BNP) 
is secreted by the heart in response to ventricular hypertro-
phy [13]. There is a strong correlation between BNP level 
and both the degree of decline in left ventricular ejection 
fraction [14] and the increase in the left ventricular end-
diastolic diameters in patients receiving doxorubicin [15].

Alpha-lipoic acid has been proposed to have anti-oxi-
dant and anti-inflammatory activities [16]. Alpha-lipoic 
acid was reported to exert beneficial effects in many con-
ditions including cardiovascular disease, cardiovascular-
related complications [17], and diabetes associated poly-
neuropathy [18].

Alpha-lipoic acid (ALA) was reported to have antioxi-
dant activity through scavenging reactive oxygen species 
(ROS), regenerating endogenous antioxidants including 

glutathione, vitamin E, and C and through its metal chela-
tion activity [19, 20]. Alpha-lipoic acid (ALA) effectively 
inhibits nuclear factor-kappa B with subsequent decreasing 
pro-inflammatory cytokines production (TNF-α, IL-6) and 
increasing the release of anti-inflammatory cytokines such 
as interleukin-10 [21]. ALA was reported to be safe and 
effective in the treatment of symptomatic diabetic neu-
ropathy [22]. A former pre-clinical study reported that 
ALA can protect the heart against doxorubicin-induced 
cardiotoxicity through attenuation of oxidative stress [23].

In this context, the aforementioned data encouraged us to 
run the current study which aimed at evaluating the protec-
tive role of alpha-lipoic against paclitaxel-induced neurotox-
icity and doxorubicin-induced cardiotoxicity in women with 
stage II and stage III breast cancer. The primary outcome 
was the percentage of patients with peripheral sensory neu-
ropathy grade > 2 and the variation of 12-item neurotoxicity 
questionnaire (Ntx-12) total score. The secondary outcome 
was the changes in both echocardiographic findings and 
serum levels of tumor necrosis factor-alpha (TNF-α), malon-
dialdehyde (MDA), neurotensin (NT), and brain natriuretic 
peptide (BNP).

Patients and methods

This randomized double-blind placebo-controlled prospec-
tive study was conducted between March 2019 and Octo-
ber 2020 on 64 women with stage II and stage III breast 
cancer who were recruited from Tanta Oncology Center 
and Alexandria Main University Hospital, Clinical Oncol-
ogy Department. The study was performed in accordance 
with the ethical standards of Helsinki declaration in 1964 
and its later amendments. The study was approved by 
both Research Ethics Committee of Damanhur University 
(Approval number: 219PP10) and Research Ethics Commit-
tee of Ministry of Health (Approval Number: 13–2019/4). 
The study was registered as clinical trial on ClinicalTrials.
gov with ID: NCT03908528. All participants gave their 
written informed consent. All enrolled women were middle-
eastern and Egyptians which refers to the ethnic group and 
the nationality. The inclusion criteria were adult patients 
(age ≥ 18 and < 70 years old) with biopsy-confirmed diag-
nosis breast cancer and with stage II and stage III breast can-
cer according to the American Joint Committee on Cancer 
(TNM staging system of breast cancer) [24, 25]. Patients 
with performance status (< 2) according to Eastern Coopera-
tive Oncology Group (ECOG) were included in the study. 
Patients with adequate hematologic parameters (absolute 
neutrophil count ≥ 1.5 ×  109/L, platelet count ≥ 100 ×  109/L, 
hemoglobin level ≥ 10 g/dl), adequate liver function (serum 
bilirubin < 1.5 mg/dl), and adequate renal function (serum 
creatinine < 1.5 mg/dl, creatinine clearance (CrCl) > 45 ml/
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min) were also included in the study. The exclusion criteria 
were women with prior exposure to anthracyclines and neu-
rotoxic agents (Cis-platin, vincristine, paclitaxel, docetaxel, 
foscarnet, isonicotinic acid hydrazide “INH,”, etc.) in the 
last 6 months and women with evidence of metastasis at 
the initial assessment. The exclusion criteria also included 
concomitant use of antioxidant vitamins (vitamin A, C, E), 
anticonvulsants, tricyclic antidepressants, other medications 
used for neuropathic pain medication (gabapentin, lamotrig-
ine, carbamazepine), presence of clinical evidence for severe 
cardiac illness (angina pectoris, uncontrolled hypertension, 
arrhythmias, and left ventricular ejection fraction < 50%), 
and pre-existing peripheral neuropathy resulting from other 
causes such as diabetes and brain disorders. Women with 
diabetes, women with inflammatory diseases (ulcerative 
colitis, rheumatoid arthritis), pregnant and breast-feeding 
women, and women who were candidates for monoclonal 
antibodies such as Trastuzumab (HER2 positive patients) 
were also excluded from the study.

The patients were randomized through sealed envelopes 
method into two groups: group 1 (control group; n = 32) 
which received four cycles of AC regimen (each cycle was 
given every 21 day and included doxorubicin 60 mg/m2 
which was diluted with 250 ml normal saline and admin-
istered intravenously over 30 min and cyclophosphamide 
600 mg/m2 which was diluted with 500 ml normal saline 
and administered intravenously over 60 min) followed by 12 
cycles of paclitaxel (cycles were given in weekly basis and 
each cycle included paclitaxel 80 mg/m2 which was diluted 
with 500 ml normal saline and administered by intravenous 
infusion over 90 min) plus placebo tablets and group 2 (ALA 
group; n = 32) which received the same chemotherapy regi-
men plus ALA 600 mg once daily for 6 months.

The dose of alpha-lipoic acid used during the cur-
rent study (600 mg daily) was selected depending up-on 
some previous studies and demonstrated that an oral dose 
of 600 mg alpha-lipoic acid daily improved neuropathic 
symptoms in diabetic patients with polyneuropathy [18] and 
provided cardio-protective effect with subsequent improve-
ment of subclinical left ventricular dysfunction in asymp-
tomatic patients with type 1 diabetes [26]. Additionally, 
the implicated dose of alpha-lipoic acid during the current 
study comes in accordance with a recently published study 
reported efficacy of alpha-lipoic acid supplementation in 
chemotherapy-induced peripheral neuropathy [27].

It is worth mentioning that intravenous 5-HT3 antago-
nist plus pantoprazole were administered to all participants 
before each cycle as prophylactic therapy against chemother-
apy-induced nausea, vomiting, and gastrointestinal upset. 
All patients were submitted to complete blood count analy-
sis before each chemotherapy cycle. The investigator was 
provided with a sealed randomization code for each avail-
able medication generated by an independent researcher. 

Blindness was maintained by ensuring that the appearance 
and the color of placebo and ALA tablets were identical.

Demography and anthropometric measurements

All participants were submitted to demographic data collec-
tion (age), medication history taking, physical examination, 
and measurement of weight and height with subsequent cal-
culation of body mass index: BMI = [weight (kg) ÷  height2 
(m)].

Clinical assessment of paclitaxel induced peripheral 
sensory neuropathy

Grading of paclitaxel induced peripheral sensory neuropathy 
was assessed using the National Cancer Institute Common 
Terminology Criteria for Adverse Events (NCI-CTCAE ver-
sion 4.0, 2009) [28] which classified the peripheral sensory 
neuropathy into 5 grades. Grade (1) mild and asymptomatic; 
grade (2) moderate symptoms; grade (3) severe symptoms; 
grade (4) life-threatening consequences; and grade (5) death 
as illustrated in Appendix Table (I). All participants in the 
two study groups were clinically assessed and graded for 
peripheral sensory neuropathy before starting of paclitaxel 
and after the  3rd,  6th,  9th, and  12th week of paclitaxel admin-
istration. Additionally, a 12-item neurotoxicity questionnaire 
(Ntx-12) from the validated functional Assessment of Can-
cer Therapy/Gynecologic Oncology Group (FACT/GOG-
Ntx-12; version 4: Appendix Table II) was used to evaluate 
the severity and impact of neuropathy on patients’ life. Each 
item in Ntx-12 questionnaire is represented by a Likert-type 
scale ranging from 0 to 4 with 0 refers to not at all, 1 means 
little a bit, 2 means somewhat, 3 means quite a bit, and 4 
refers to very much. The score was calculated using the 
reverse item as follows: (4-item response = item score). The 
sum of individual items scores is multiplied by 12 and then 
divided by number of items answered. The higher Ntx-12 
score, the better quality of life (QOL).

Clinical assessment of doxorubicin induced 
cardiotoxicity

Echocardiographic assessment of chemotherapy-related 
cardiotoxicity was done at baseline and after the last doxo-
rubicin/cyclophosphamide (AC) cycle. Echocardiographic 
assessment was done using Vivid 5 ultrasound machine 
(Horten, Norway).

Blood sampling and biochemical analyses

Approximately 1 h before starting the first chemotherapy 
cycle (baseline) and 1 h after the last AC cycle (for assess-
ment of BNP) and the last paclitaxel cycle (for assessment 
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of neurotensin, MDA, and TNF-α), 5 ml of venous blood 
was withdrawn by antecubital venipuncture from each par-
ticipant between 8:30 and 10:30 am into a plain test tube and 
centrifuged at 3000 rpm for 10 min. The separated sera were 
frozen at − 80 °C until analysis of the biochemical param-
eters. Serum levels of brain natriuretic peptide (BNP), tumor 
necrosis factor-alpha (TNF-α), and neurotensin (NT) were 
determined by double antibody sandwich enzyme-linked 
immune-sorbent assay (Sun Red, Biological Technology 
Co., Ltd, Shanghai, China). Malondialdehyde (MDA) as 
oxidative stress marker was determined through the method 
formerly described by Draper and Hadly [29].

Assessment of participants’ adherence and drugs 
tolerability

Alpha-lipoic acid and placebo tablets were provided on 
monthly intervals and the participants’ adherence was 
assessed through the medications refilling rate and through 
pill counts. Participants were also followed up by telephone 
calls and through direct meetings during chemotherapy 
cycles to assess their adherence and report any drug-related 
adverse effects using adverse effect questionnaire. The 
adverse effects were also collected from the patients’ labo-
ratory data and patient sheet. The patients were asked about 
any adverse effects related to all study medications. Because 
the two groups were similar in chemotherapy regimen and 
were different only in ALA and placebo, so we can attribute 
any difference in the reported side effects to ALA particu-
larly headache, nausea, abdominal discomfort, or abdominal 
pain. Patients were considered non-adherent and excluded 
from the study if consumed less than 90% of the study medi-
cation at any month of the study duration.

Sample size calculation

The required sample size was calculated using G*Power 
software version 3.1.0 (Institut für Experimentelle Psychol-
ogie, Heinrich Heine Universität, Dusseldorf, Germany). It 
was estimated that a total sample size of 64 patients would 
have a power of 95.2% to detect a medium to large effect size 
of 0.92 in the outcome measured.

Statistical analysis

Statistical analysis was done by the statistical software 
package SPSS version 25 (SPSS Inc., Chicago, IL, USA). 
Data were tested for normality using Kolmogorov–Smirnov 
and Shapiro–Wilk tests. Normally distributed data were 
compared using Student t-test. Non-normally distributed 
data were compared using Mann–Whitney U test. Also, 
Mann–Whitney U or Chi-Square test was used to compare 
non-parametric data between the two arms including the 

neuropathy grading and the Ntx-12 total scores as appro-
priate. Chi-square test was used for categorical data. The 
significance level was set at p < 0.05.

Results

Patients’ enrollment, randomization, and follow-up dur-
ing the course of the study are demonstrated in Fig. (1). 
A total number of 125 patients with stage II and stage III 
breast cancer were assessed for eligibility and 53 women 
were excluded (not meeting the inclusion criteria (n = 39) 
and declined to participate (n = 14)). Therefore, 72 patients 
were randomized into the two study groups (n = 36 for each 
group). During the follow-up period, a total number of 8 
women were dropout in both groups secondary to loss of 
follow-up (n = 2), change of chemotherapy regimen (n = 5), 
and non-compliance (n = 1). The final analysis included 64 
patients with 32 women in each group.

At baseline, the two study groups were statistically simi-
lar in respect to age, anthropometric data (weight, height, 
and body mass index), menopausal status, stages of disease, 
types of surgery, ECOG score, fasting blood glucose level, 
ejection fraction (EF), brain natriuretic peptide (BNP) level, 
neuropathy grade (grade 0), Ntx-12 total score, and cumula-
tive doses of chemotherapeutic agents as illustrated in Table 
(1). In addition, there was non-significant difference in bio-
logical markers (TNF-α, MDA, and neurotensin) between 
the two study groups as demonstrated in Table (2).

During the course of paclitaxel treatment, there was 
an increase in neuropathy grades and a decline in FACT/
GOG-Ntx-12 questionnaire total score in both study groups. 
There was non-significant difference in neuropathy grades 
and FACT/GOG-Ntx-12 questionnaire total score between 
the two study groups during the course of paclitaxel cycles 
except after the  9th and  12th week. After the  9th and  12th 
week, the percentage of patients with grade 3 peripheral 
sensory neuropathy was significantly lower in alpha-lipoic 
acid group as compared to the control group (6.3 versus 
25%; p = 0.039; and 6.3 versus 25%; p = 0.039, respec-
tively). However after the  9th and  12th week, there was 
non-significant variation between the two study groups in 
the percentage of patients with grade 1 peripheral sensory 
neuropathy (31.3 versus 50%; p = 0.127; and 18.8 versus 
37.5%; p = 0.095, respectively) and grade 2 peripheral sen-
sory neuropathy (43.8 versus 43.8%; p = 1.000; and 56.3 ver-
sus 56.3%; p = 1.000, respectively) as shown in Fig. (2a). 
The FACT/GOG-Ntx-12 questionnaire total score was sig-
nificantly higher in ALA group as compared to the con-
trol group (31.69 ± 2.83 versus 30.28 ± 2.29; p = 0.03; and 
29.25 ± 2.44 versus 27.53 ± 1.70; p = 0.004, respectively). 
The data obtained Ntx-12 questionnaire total score are pre-
sented in Fig. (2b).
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Concerning echocardiography findings and as compared to 
the baseline data, both groups showed significant decline in ejec-
tion fraction (EF) after intervention (p < 0.0001 and p < 0.0001, 
respectively). Furthermore, the ejection fraction showed non-
significant variation between the two study groups after treat-
ment (p = 0.113) as illustrated in Table (2).

Regarding the data obtained with the biological markers and 
as compared to baseline data, the control group showed signifi-
cant elevation in BNP, TNF-α, MDA, and neurotensin serum 
levels after intervention (p < 0.0001, p < 0.0001, p = 0.001, and 
p < 0.0001, respectively). On the other hand, after intervention, 
ALA group showed significant decline in BNP, MDA, and 
neurotensin serum levels (p = 0.039, p = 0.012, and p = 0.002, 
respectively) with non-significant elevation in TNF-α serum 
level (p = 0.56). The comparison between the two study groups 
after intervention revealed that ALA group showed significant 
decline in BNP, TNF-α, MDA, and neurotensin serum levels as 

compared to the control group (p < 0.0001, p < 0.0001, p = 0.0001, 
and p < 0.0001, respectively). The data obtained with the biological 
markers are shown in Table (2).

Regarding the reported adverse effects, there was non-signif-
icant difference between the two study groups (p > 0.05). These 
result means that the addition of ALA to chemotherapy was not 
associated with increased incidence of adverse effects. In this con-
text, alpha-lipoic acid supplement 600 mg daily was well tolerated. 
The reported adverse effects are demonstrated in Table (3).

Discussion

This study aimed at evaluating the protective role of ALA 
against paclitaxel-induced peripheral sensory neuropathy 
and doxorubicin-associated cardiotoxicity in patients with 
stage II and stage III breast cancer.

Fig. 1  Flow chart of patients 
enrollment, randomization, and 
follow-up during the study

Recruitment Phase125 Women with breast cancer
assessed for eligibility

Excluded (N=53)
- Not meeting inclusion criteria (N=39)

- Declined to participate (N=14)

Randomized (n=72) 

Control group 
(n=36)

Alpha lipoic acid group 
(n=36)

Allocation

Drop out
- Lost follow-up (n=1)

- Change regimen (n=3)

- Non-compliance (n=0)

Drop out 
- Lost follow-up (n=1)

- Change regimen (n=2)

- Non-compliance (n=1)

Follow up 

Analyzed

n=32
Analyzed

n=32
Analysis

Randomization  
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By the end of the  9th and  12th weeks of paclitaxel admin-
istration, the percentage of patients with grade 3 peripheral 
sensory neuropathy was significantly lower in ALA group 
than those in the control group and the FACT/GOG-Ntx-12 
total score was significantly higher in ALA group as com-
pared to the control group. The favorable effect of ALA on 
Ntx-12 total score was clinically translated by improvement 
in severity of neuropathy and its impact on patients’ life 
including improvement in joint pain, trouble associated 
with handling button and walking, and discomfort of hands 
and feet. Our findings obtained with grading of neuropathy 
and Ntx-12 total score indicate the protective effect of ALA 
against paclitaxel-induced peripheral sensory neuropathy 
which may be attributed to its anti-inflammatory and anti-
oxidant effects. It has been reported that paclitaxel-induced 
peripheral neuropathy is mainly related to activation of 

inflammatory cascade [4]. Additionally, ALA as antioxi-
dant was reported to exert neuro-protective effect and can 
be used to treat taxanes-induced cumulative polyneuropa-
thy [30]. Furthermore, the neuro-protective effect of ALA 
may be attributed to its favorable effect on neurotensin level 
which can stimulate mast cells with subsequent secretion 
of neuro-sensitizing and pro-inflammatory mediators which 
exacerbate neuropathic pain [31]. Our findings are com-
patible with the findings of a former study postulated that 
co-administration of ALA with oxaliplatin in patients with 
colorectal cancer resulted in prevention of oxaliplatin-related 
neuropathy in 53% of patients [32]. Our findings are also 
comparable to the findings of a previous study and revealed 
that ALA reduced docetaxel / cisplatin-induced peripheral 
neuropathy in patients with gastric cancer [30]. Further-
more, our results come in parallel with a former study that 

Table 1  Baseline demographic 
data and clinical characteristics 
of the two study groups

Data are presented as mean ± standard deviation, range, number, and percentage
Data were analyzed by unpaired t test, Mann–Whitney U test, or chi-square test as appropriate
Significance level was set at p < 0.05
BMI, body mass index; BSA, body surface area; MRM, modified radical mastectomy; BCS, breast-conserv-
ing surgery; ECOG, Eastern Cooperative Oncology Group; FBG, fasting blood glucose; BNP, brain natriu-
retic peptide; Ntx-12 score, neutotoxicity-12 questionnaire total score

Demographic data Control group (n = 32) ALA group (n = 32) p-value

Age (years)  49.56 ± 9.18
(36–63)

48.19 ± 7.83
(36–62)

0.521

Weight (kg) 80.50 ± 12.56 79.16 ± 13.31 0.679
Height (cm) 160.91 ± 6.31 160.06 ± 6.89 0.611
BMI (kg/m2) 31.23 ± 5.48 31.01 ± 5.45 0.873
BSA (m2) 1.89 ± 0.16 1.87 ± 0.17 0.604
Menopausal status
  Premenopausal 18 (56.3%) 20 (62.5%) 0.611
  Postmenopausal 14 (43.8%) 12 (37.5%)

Stage of disease
  II 17 (53.1%) 16 (50%) 0.802
  III 15 (46.9%) 16 (50%)

Type of surgery
  MRM 18 (56.3%) 20 (62.5%) 0.611
  BCS 14 (43.8%) 12 (37.5%)

ECOG score
  0 11 (34.4%) 9 (28.1%) 0.590
  1 21 (67.6%) 23 (71.9%)

FBG (mg/dl) 89.53 ± 8.08 88.03 ± 9.33 0.494
Ejection fraction (%) 67 (60–73) 65.5 (58–71) 0.081
BNP (ng/L) 57.04 ± 18.66 56.66 ± 23.11 0.943
Neuropathy grade 0 0 1
Ntx-12 score 45.06 ± 1.50 45.16 ± 1.57 0.838
Mean cumulative doses of 

chemotherapeutic agents
  Doxorubicin 453.77 ± 37.60 448.69 ± 40.40 0.604
  Cyclophosphamide 4537.73 ± 375.89 4486.87 ± 403.99 0.604
  Paclitaxel 1815.09 ± 150.36 1794.75 ± 161.60 0.604
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reported presence of statistically significant difference in 
FACT/GOG-Ntx-12 total score between ALA group and the 
control groups in patients received chemotherapy-induced 
peripheral neuropathy [33]. In the contrary, our result seems 
inconsistent with a previously reported study conducted on 
patients received platinum-based chemotherapy and revealed 
absence of statistically significant difference between ALA 
group and placebo group regarding their effects on periph-
eral neuropathy [34].

Although ALA exerts beneficial effect on BNP level, 
there was non-significant difference in ejection fraction 
between the control group and ALA group after interven-
tion. Our former finding may be attributed to the notion that 
left ventricular (LV) ejection fraction is not a sensitive tool 
for early detection of sub-clinical cardiac diseases [35]. In 
this context, the circulating cardiac biomarkers represent 
reproducible and sensitive tool for early detection of chem-
otherapy-induced cardiac toxicity [36]. Our former result 
concerning ejection fraction seems in agreement with a 
previously reported study and demonstrated that there was 
no significant difference in ejection fraction between ALA 
group and the control group in patients with previous experi-
ence of transient takotsubo cardiomyopathy [37].

Conflicting data were reported about the effects of alpha-
lipoic acid on brain natriuretic peptide (BNP), tumor necro-
sis factor-alpha (TNF-α), malondialdehyde (MDA), and 
neurotensin. It has been demonstrated that there was an 
elevation in BNPlevel during treatment with doxorubicin 
[38] and ALA can ameliorate doxorubicin-associated cardio-
toxicity [22] and can reduce cardiovascular events in patients 
on hemodialysis [39]. In contrast, a previous study revealed 
that there was no significant difference in BNP level between 
ALA group and the control group 12 months after treatment 
in patients with a previous experience of transient takotsubo 
cardiomyopathy [37]. Regarding TNF-α, some previous 
studies revealed that ALA decreased TNF-α level in type-1 
diabetic patients with subclinical left ventricular dysfunction 
[26] and in patients with atrial fibrillation [40]. However, 
other authors reported lack of beneficial effect of ALA on 
serum TNF-α level in patients with rheumatoid arthritis 
[41]. A previous clinical study reported that ALA 300 mg 
twice daily for 4 months significantly decreased MDA in 
type-1 diabetic patients with subclinical left ventricular dys-
function [26]. In the contrary, ALA supplementation did not 
produce any significant change in malondialdehyde serum 
level in patients on hemodialysis [42].

Table 2  Ejection fraction and 
biological markers of the two 
study groups before and after 
chemotherapy cycles

Data are presented as mean ± standard deviation, median (range)
Data were analyzed by t test, Mann–Whitney U test, or Wilcoxon-signed ranks test as appropriate
Significance level was set at p < 0.05
EF ejection fraction, BNP brain natriuretic peptide, TNF-α tumor necrosis factor-alpha, MDA malondialde-
hyde, NT neurotensin
* Significant

Parameters Control group (n = 32) ALA group (n = 32) p value

EF (%)
  Before chemotherapy 67 (60–73) 65.5 (58–71) 0.081
  After chemotherapy 61.5 (55–68) 58.5 (55–69) 0.113
  Paired t test  < 0.0001*  < 0.0001*

BNP (ng/L)
  Before chemotherapy 57.04 ± 18.66 56.66 ± 23.11 0.943
  After chemotherapy 88.48 ± 35.64 48.56 ± 17.71  < 0.0001*

  Paired t test  < 0.0001* 0.039*

TNF-α (pg/L)
  Before chemotherapy 67.51 ± 19.46 74.18 ± 27.02 0.261
  After chemotherapy 120.43 ± 36.24 79.07 ± 36.88  < 0.0001*

  Paired t test  < 0.0001* 0.562
MDA (nmol/ml)
  Before chemotherapy 7.16 ± 1.80 7.03 ± 2.02 0.788
  After chemotherapy 8.36 ± 1.60 6.12 ± 1.81 0.0001*

  Paired t test 0.001* 0.012*

NT (Pmol/L)
  Before chemotherapy 68.27 ± 16.20 70.19 ± 19.89 0.673
  After chemotherapy 88.57 ± 19.50 60.11 ± 11.55  < 0.0001*

  Paired t test  < 0.0001* 0.002*
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Fig. 2  Clinical assessment of paclitaxel induced peripheral sensory 
neuropathy. Data were analyzed by Mann–Whitney U test or chi-
square test as appropriate. Significance level was set at p < 0.05. (a) 

Neuropathy grading for the two study groups throughout the course 
of treatment. (b) Ntx-12 total score for the two study groups through-
out the course of treatment
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During the current study and as compared to baseline 
data, the control group showed significant elevation in BNP, 
TNF-α, malondialdehyde (MDA), and neurotensin serum 
levels after intervention. These results can be attributed 
to doxorubicin-associated cardiotoxicity [3], doxorubicin, 
and paclitaxel associated upregulation of pro-inflammatory 
cytokines including TNF-α [43, 44], doxorubicin-induced 
oxidative stress [23, 45], and paclitaxel-induced peripheral 
neuropathy secondary to activation of inflammatory cas-
cade [4, 11]. Concerning ALA group, supplementation with 
ALA showed a significant decline in BNP serum level as 
compared to its baseline and to the control group. The ben-
eficial effect of ALA on BNP level can be explained on the 
basis of its antioxidant and anti-inflammatory activities [19, 
46] which in turn may provide cardio-protective effect. Fur-
thermore, ALA can decrease serum BNP and cardiac hyper-
trophy through attenuating the mRNA and protein levels of 
C/EBPβ which is responsible for cardiomyocyte hypertrophy 
[47]. After intervention, ALA group showed a significantly 
lower TNF-α level as compared to the control group which 
may be attributed to the ability of ALA to suppress nuclear 
factor-kappa B with subsequent decreased production of 
pro-inflammatory cytokines including TNF-α [21]. In addi-
tion, post-treatment, ALA group showed significantly lower 
MDA serum level as compared to its baseline data and to the 
control group. The favorable effect of ALA on MDA level is 

attributed to its antioxidant activity with subsequent scav-
enging reactive oxygen species, regenerating endogenous 
antioxidants including glutathione, vitamin E, vitamin 
C, and its metal chelation activity [19, 20]. Furthermore, 
ALA group showed a significantly lower neurotensin level 
as compared to its baseline data and to the control group. 
This beneficial effect of ALA on neurotensin may be related 
to the notion that ALA may effectively decrease the produc-
tion of pro-inflammatory cytokines including TNF-α, IL-1β, 
and IL-6 [21] which provoke inflammatory pain stimuli with 
subsequent enhancement of neurotensin release [4, 11]. 
The overall favorable effect of ALA on BNP, TNF-α, and 
MDA comes in accordance with some previous studies [26, 
39, 40] and in contradiction with others [37, 41, 42]. These 
contradictory results may be attributed to the difference in 
the underlying disease state, difference in the implicated 
doses of ALA, and the variation in the treatment duration.

The overall data obtained with the current study revealed 
that ALA was well tolerated and effective as adjuvant ther-
apy against chemotherapy-induced toxicity in patients with 
breast cancer. The current study did not aim at evaluation 
of the effect of ALA on the efficacy of chemotherapeutic 
agents secondary to its design and the need for long follow-
up period to assess the interaction between chemotherapy 
and ALA. In this context, we recommend further longitudi-
nal studies that aim at examining the effect of ALA on the 
efficacy of chemotherapeutic agents since conflicting data 
exist about the interaction between ALA and some types 
of chemotherapy. Some authors hypothesized that antioxi-
dant therapies may antagonize antitumor effects by reduc-
ing oxidative damage [48]. On the other hand, several case 
reports have been published suggesting that ALA typically 
in combination with other agents may have anticancer activ-
ity [49, 50].

The points of strength of the current study include its 
design as a placebo controlled double-blind clinical trial. 
In addition and to the best of authors’ knowledge, this 
clinical study may be the first one amid at evaluating the 
effect of alpha-lipoic acid on paclitaxel and doxorubicin-
induced neurotoxicity and cardiac toxicity and its effect 
on serum neurotensin level in women with stage II and 
stage III breast cancer. However, the current study has 
some limitations including the relatively small sample 
size and the relatively short follow-up period. The sam-
ple size used during the current study may not be large 
enough to detect an effect on cardiotoxicity, due to the 
low frequency of this toxicity at the implicated doses 
of doxorubicin. Furthermore, the use of fixed dose for 
alpha-lipoic acid and the implications of per protocol 
analysis represent other limitations of the study. There-
fore, more large scale and more longitudinal studies with 
implication of different doses of alpha-lipoic acid are 
still necessary.

Table 3  Reported adverse events within the two study groups

Data are presented as number and percent
Data were analyzed by chi-square test
Significance level was set at p < 0.05
Grade 1 neutropenia (neutrophils count: 2000–1500/mm3); grade 2 
neutropenia (neutrophils count: 1000– < 1500/mm3); grade 1 leuko-
penia (WBCS count: < 4000–3000/mm3); grade 2 leukopenia (WBCS 
count: < 3000–2000/mm3); grade 1 fatigue (fatigue relieved by rest); 
grade 2 fatigue (fatigue not relieved by rest and limits instrumental 
activity); grade 3 fatigue (fatigue not relieved by rest and limits self-
care activity)
GIT gastrointestinal tract

Group II 
(placebo)
(n = 32)

Group I 
(ALA)
(n = 32)

p value

No % No %

Nausea 2 6.3 2 6.3 1.00
Abdominal pain 1 3.1 2 6.3 0.554
Dizziness 3 9.4 2 6.3 0.641
Headache 2 6.3 3 9.4 0.641
Grade 1 & 2 neutropenia 6 18.8 7 21.9 0.756
Grade 1 & 2 leukopenia 11 34.4 9 28.1 0.590
Infection 5 15.6 3 9.4 0.450
Grade 1 fatigue 27 84.4 24 75.1 0.351
Grade 2 and 3 fatigue 2 6.3 0 0 0.151
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Conclusion

This randomized double-blind placebo controlled pro-
spective clinical study aimed at evaluating the protec-
tive role of alpha-lipoic acid against paclitaxel-induced 
peripheral sensory neuropathy and doxorubicin-related 
cardiotoxicity in patients with stage II and stage III 
breast cancer. The results obtained with the current study 
revealed that the implication of alpha-lipoic acid 600 mg 
daily as adjunct therapy to doxorubicin and paclitaxel was 
associated with significant improvement in NCI-CTCAE 
peripheral sensory neuropathy grading and FACT/GOG-
Ntx-12 total score. Additionally, alpha-lipoic acid pro-
duced significant decline in the serum levels of brain 
natriuretic peptide (BNP), inflammatory marker (TNF-
α), oxidative stress marker (MDA), and neurotensin (NT). 
However, alpha-lipoic acid did not produce significant 
effect on left ventricular ejection fraction as compared 
to the control group which may be attributed to the small 
sample size and the low sensitivity of left ventricular ejec-
tion fraction as a detection tool for sub-clinical cardiac 
diseases. In this context, alpha-lipoic acid may provide 
supportive care in cancer and may represent a promising 
adjuvant therapy to attenuate paclitaxel-induced periph-
eral neuropathy and to counteract doxorubicin-induced 
cardiotoxicity. However, these results warrant further 
investigations.

Supplementary information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00520- 022- 07124-0.

Acknowledgements The authors sincerely appreciate the doctors 
and the radiologists at Tanta Oncology Center, Tanta, Egypt, for their 
valuable aid and recommendations. We are sincerely grateful to the 
cardiologist Dr. Hesham Sobhy for his aid in performing the echocar-
diography. We are sisterly grateful to the patients for their participation 
and cooperation.

Author contribution Tarek M. Mostafa, Rehab Werida, and Asser 
Ghoneim reviewed the literatures and constructed the study design. 
Eligibility assessment and enrolment of participants were performed 
by Sherif Elzawawy. Collection of clinical data and laboratory 
investigations of the collected samples were performed by Reham 
Elshafiey. Tarek M. Mostafa and Rehab Werida performed the sta-
tistical analysis. All authors wrote, revised, and approved the final 
manuscript.

Funding Open access funding provided by The Science, Technol-
ogy & Innovation Funding Authority (STDF) in cooperation with 
The Egyptian Knowledge Bank (EKB). The alpha-lipoic acid tablets, 
placebo tablets, and the kits needed for the assessment of biomarker 
were funded by Reham A. Elshafiey. Experimental analyses were done 
in the Laboratories of Faculty of Pharmacy at Tanta and Damanhour 
Universities.

Data availability The data that support the findings of this study are 
available upon reasonable request.

Declarations 

Ethics approval The study was performed in accordance with the 
ethical standards of Helsinki declaration in 1964 and its later amend-
ments. The study was approved by both Research Ethics Committee of 
Damanhur University (Approval number: 219PP10) and Research Eth-
ics Committee of ministry of health (Approval Number: 13–2019/4). 
The study was registered as clinical trial at ClinicalTrials.gov with ID: 
NCT03908528.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent for publication All authors have approved the final version 
of this manuscript.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, Bray F (2021) Global cancer statistics 2020: GLOBO-
CAN estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 71:209–249. https:// doi. 
org/ 10. 3322/ caac. 21660

 2. Mekhail TM, Markman M (2002) Paclitaxel in cancer therapy. 
Expert Opin Pharmacother 3(6):755–766. https:// doi. org/ 10. 1517/ 
14656 566.3. 6. 755

 3. Senkus E, Jassem J (2011) cardiovascular effects of systemic can-
cer treatment. Cancer treat rev 37(4):300–311. https:// doi. org/ 10. 
1016/j. ctrv. 2010. 11. 001

 4. Wang XM, Lehky TJ, Brell JM, Dorsey SG (2012) Discovering 
cytokines as targets for chemotherapy-induced painful peripheral 
neuropathy. Cytokine 59(1):3–9. https:// doi. org/ 10. 1016/j. cyto. 
2012. 03. 027

 5. Nishida K, Kuchiiwa S, Oiso S, Futagawa T, Masuda S, Takeda 
Y, Yamada K (2008) Up-regulation of matrix metalloproteinase-3 
in the dorsal root ganglion of rats with paclitaxel-induced neu-
ropathy. Cancer Sci 99(8):1618–1625. https:// doi. org/ 10. 1111/j. 
1349- 7006. 2008. 00877.x

 6. Volkova M, Russell R (2011) Anthracycline cardiotoxicity: preva-
lence, pathogenesis and treatment. Curr Cardiol Rev 7(4):214–
220. https:// doi. org/ 10. 2174/ 15734 03117 99960 645

 7. Sommer C, Kress M (2004) Recent findings on how proinflamma-
tory cytokines cause pain: peripheral mechanisms in inflammatory 
and neuropathic hyperalgesia. Neurosci Lett 361:184–187. https:// 
doi. org/ 10. 1016/j. neulet. 2003. 12. 007

 8. Clayton ZS, Brunt VE, Hutton DA, Casso AG, Ziemba BP, 
Melov S, Campisi J, Seals DR (2021) Tumor necrosis factor 

7290 Supportive Care in Cancer (2022) 30:7281–7292

https://doi.org/10.1007/s00520-022-07124-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1517/14656566.3.6.755
https://doi.org/10.1517/14656566.3.6.755
https://doi.org/10.1016/j.ctrv.2010.11.001
https://doi.org/10.1016/j.ctrv.2010.11.001
https://doi.org/10.1016/j.cyto.2012.03.027
https://doi.org/10.1016/j.cyto.2012.03.027
https://doi.org/10.1111/j.1349-7006.2008.00877.x
https://doi.org/10.1111/j.1349-7006.2008.00877.x
https://doi.org/10.2174/157340311799960645
https://doi.org/10.1016/j.neulet.2003.12.007
https://doi.org/10.1016/j.neulet.2003.12.007


1 3

alpha-mediated inflammation and remodeling of the extracellular 
matrix underlies aortic stiffening induced by the common chemo-
therapeutic agent doxorubicin. Hypertension 77(5):1581–1590. 
https:// doi. org/ 10. 1161/ HYPER TENSI ONAHA. 120. 16759

 9. Chakraborty A, Chowdhury S, Bhattacharyya M (2011) Effect of 
metformin on oxidative stress, nitrosative stress and inflammatory 
biomarkers in type 2 diabetes patients. Diabetes Res Clin Pract 
93(1):56–62. https:// doi. org/ 10. 1016/j. diabr es. 2010. 11. 030

 10. Angsutararux P, Luanpitpong S, Issaragrisil S (2015) chemother-
apy-induced cardiotoxicity: overview of the roles of oxidative 
stress. Oxid Med Cell Longev 2015:795602. https:// doi. org/ 10. 
1155/ 2015/ 795602

 11. Kleczkowska P, Lipkowski AW (2013) Neurotensin and neu-
rotensin receptors: characteristic, structure-activity relationship 
and pain modulation–a review. Eur J Pharmacol 716(1–3):54–60. 
https:// doi. org/ 10. 1016/j. ejphar. 2013. 03. 004

 12. Theoharides T, Stewart J, Panagiotidou S, Melamed I (2016) Mast 
cells, brain inflammation and autism. Eur J Pharmacol 778:796–
802. https:// doi. org/ 10. 1016/j. ejphar. 2015. 03. 086

 13. Baughman KL (2002) B-type natriuretic peptide: a window to 
the heart. N Engl J Med 347(3):158–159. https:// doi. org/ 10. 1056/ 
NEJMp 020057

 14. Tsutamoto T, Wada A, Maeda K, Hisanaga T, Maeda Y, Fukai D 
et al (1997) Attenuation of compensation of endogenous cardiac 
natriuretic peptide system in chronic heart failure: prognostic role 
of plasma brain natriuretic peptide concentration in patients with 
chronic symptomatic left ventricular dysfunction. Circulation 
96:509–516. https:// doi. org/ 10. 1161/ 01. cir. 96.2. 509

 15. Nousiainen T, Jantunen E, Vanninen E, Remes J, Vuolteenaho O, 
Hartikainen J (1999) Natriuretic peptides as markers of cardiotox-
icity during doxorubicin treatment for non-Hodgkin’s lymphoma. 
Eur J Haematol 62:135–141. https:// doi. org/ 10. 1111/j. 1600- 0609. 
1999. tb017 34.x

 16. Odabasoglu F, Halici Z, Aygun H, Halici M, Atalay F, Cakir A, 
Cadirci E, Bayir Y, Suleyman H (2011) α- Lipoic acid has anti-
inflammatory and anti-oxidative properties: an experimental study 
in rats with carrageenan-induced acute and cotton pellet-induced 
chronic inflammations. Br J Nutr 105:31–43. https:// doi. org/ 10. 
1017/ S0007 11451 00031 07

 17. Al-Rasheed NM, Al-Rasheed NM, Attia HA, Hasan IH, Al-Amin 
M, Al-Ajmi H, Mohamad RA (2013) Adverse cardiac responses 
to alpha-lipoic acid in a rat-diabetic model: possible mecha-
nisms? J Physiol Biochem 69:761–778. https:// doi. org/ 10. 1007/ 
s13105- 013- 0252-9

 18. Ziegler D, Ametov A, Barinov A, Dyck PJ, Gurieva I, Low PA, 
Munzel U, Yakhno N, Raz I, Novosadova M, Maus J, Samigullin 
R (2006) Oral treatment with alpha-lipoic acid improves symp-
tomatic diabetic polyneuropathy: the SYDNEY 2 trial. Diabetes 
Care 29(11):2365–2370. https:// doi. org/ 10. 2337/ dc06- 1216

 19. Bast A, Haenen GR (2003) Lipoic acid: a multifunctional antioxi-
dant. BioFactors 17(1–4):207–213. https:// doi. org/ 10. 1002/ biof. 
55201 70120

 20. Biewenga GP, Haenen GR, Bast A (1997) The pharmacology of 
the antioxidant lipoic acid. Gen Pharmacol 29(3):315–331. https:// 
doi. org/ 10. 1016/ s0306- 3623(96) 00474-0

 21. Haghighatdoost F, Hariri M (2019) The effect of alpha-lipoic acid 
on inflammatory mediators: a systematic review and meta-analy-
sis on randomized clinical trials. Eur J Pharmacol 849:115–123. 
https:// doi. org/ 10. 1016/j. ejphar. 2019. 01. 065

 22. Mijnhout GS, Kollen BJ, Alkhalaf A, Kleefstra N, Bilo HJ (2012) 
Alpha lipoic Acid for symptomatic peripheral neuropathy in 
patients with diabetes: a meta-analysis of randomized controlled 
trials. Int J Endocrinol 2012:456279. https:// doi. org/ 10. 1155/ 
2012/ 456279

 23. Al-Majed AA, Gdo AM, Al-Shabanah OA, Mansour MA (2002) 
Alpha-lipoic acid ameliorates myocardial toxicity induced by 

doxorubicin. Pharmacol Res 46(6):499–503. https:// doi. org/ 10. 
1016/ s1043 66180 20023 11

 24. Beahrs OH, Henson DE, Hutter RVP, Kennedy BJ. American 
Joint Committee for Cancer Staging and End-Results Reporting: 
manual for staging of cancer 1991. 4th ed. Philadelphia, Pa: JB 
Lippincott; 1991:45-48

 25. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald 
JE, Brookland RK, Meyer L, Gress DM, Byrd DR, Winchester 
DP (2017) The Eighth Edition AJCC Cancer Staging Manual: 
continuing to build a bridge from a population-based to a more 
“personalized” approach to cancer staging. CA Cancer J Clin 
67(2):93–99. https:// doi. org/ 10. 3322/ caac. 21388

 26. Hegazy SK, Tolba OA, Mostafa TM, Eid MA, El-Afify DR (2013) 
Alpha-lipoic acid improves subclinical left ventricular dysfunction 
in asymptomatic patients with type 1 diabetes. Rev Diabet Stud 
10(1):58–67. https:// doi. org/ 10. 1900/ RDS. 2013. 10. 58

 27. Syahrir M, Andayani YD, Djamaludin N, Maksudin ES, Muhar-
ramah PF, Rosyidi Kgs M, Haddani H, Bahar E (2020) Efficacy 
of alpha lipoic acid supplementation in chemotherapy-induced 
peripheral neuropathy. Bioscientia Medicina: J Biomed Transl Res 
5(1):94–98. https:// doi. org/ 10. 32539/ bsm. v5i1. 162

 28. National Cancer Institute NIH, US Department of Health 
and Human Services. (2009).  Common terminology crite-
ria for adverse events, version 4.0  https:// evs. nci. nih. gov/ 
ftp1/ CTCAE/ CTCAE_4. 03/ CTCAE_4. 03_ 2010- 06 14_
QuickReference_8.5x11.pdf

 29. Draper HH, Hadly M (1990) Malonaldehyde determination as 
an index of lipid peroxidation. Methods Enzymol 186:421–431. 
https:// doi. org/ 10. 1016/ 0076- 6879(90) 86135-i

 30. Gedlicka C, Kornek GV, Schmid K, Scheithauer W (2003) Ame-
lioration of docetaxel /cisplatin induced polyneuropathy by alpha-
lipoic acid. Ann Oncol 14(2):339–340. https:// doi. org/ 10. 1093/ 
annonc/ mdg051

 31. Theoharides TC, Stewart JM, Panagiotidou S, Melamed I (2016) 
Mast cells, brain inflammation and autism. Eur J Pharmacol 
778:96–102. https:// doi. org/ 10. 1016/j. ejphar. 2015. 03. 086

 32. Gedlicka C, Scheithauer W, Schüll B, Kornek GV (2002) Effective 
treatment of oxaliplatin-induced cumulative polyneuropathy with 
alpha-lipoic acid. J Clin Oncol 20:3359–3361. https:// doi. org/ 10. 
1200/ JCO. 2002. 99. 502

 33. Ajewole VB, Cox JE, Swan JT, Chikermane SG, Lamoth B, Iso 
T, Okolo LO, Ford CL, Schneider AM, Hobaugh EC, Baker KR 
(2020) Incidence of chemotherapy-induced peripheral neuropathy 
within 12 weeks of starting neurotoxic chemotherapy for multiple 
myeloma or lymphoma: a prospective, single-center, observational 
study. Support Care Cancer 28(4):1901–1912. https:// doi. org/ 10. 
1007/ s00520- 019- 05006-6

 34. Guo Y, Jones D, Palmer JL, Forman A, Dakhil SR, Velasco MR, 
Weiss M, Gilman P, Mills GM, Noga SJ, Eng C, Overman MJ, 
Fisch MJ (2014) Oral alpha-lipoic acid to prevent chemotherapy-
induced peripheral neuropathy: a randomized, double-blind, 
placebo-controlled trial. Support Care Cancer 22(5):1223–1231. 
https:// doi. org/ 10. 1007/ s00520- 013- 2075-1

 35. Chemaly ER, Chaanine AH, Sakata S, Hajjar RJ (2012) Stroke 
volume- to-wall stress ratio as a load-adjusted and stiffness-
adjusted indicator of ventricular systolic performance in chronic 
loading. J Appl Physiol 113(8):1267–1284. https:// doi. org/ 10. 
1152/ jappl physi ol. 00785. 2012

 36. Yeh ET, Tong AT, Lenihan DJ, Yusuf SW, Swafford J, Champion 
C, Durand JB, Gibbs H, Zafarmand AA, Ewer MS (2004) Cardio-
vascular complications of cancer therapy: diagnosis, pathogenesis, 
and management. Circulation 109(25):3122–3131. https:// doi. org/ 
10. 1161/ 01. CIR. 00001 33187. 74800. B9

 37. Marfella R, Barbieri M, Sardu C, Rizzo MR, Siniscalchi M, 
Paolisso P, Ambrosino M, Fava I, Materazzi C, Cinquegrana 
G, Gottilla R, Elia LR, D’andrea D, Coppola A, Rambaldi PF, 

7291Supportive Care in Cancer (2022) 30:7281–7292

https://doi.org/10.1161/HYPERTENSIONAHA.120.16759
https://doi.org/10.1016/j.diabres.2010.11.030
https://doi.org/10.1155/2015/795602
https://doi.org/10.1155/2015/795602
https://doi.org/10.1016/j.ejphar.2013.03.004
https://doi.org/10.1016/j.ejphar.2015.03.086
https://doi.org/10.1056/NEJMp020057
https://doi.org/10.1056/NEJMp020057
https://doi.org/10.1161/01.cir.96.2.509
https://doi.org/10.1111/j.1600-0609.1999.tb01734.x
https://doi.org/10.1111/j.1600-0609.1999.tb01734.x
https://doi.org/10.1017/S0007114510003107
https://doi.org/10.1017/S0007114510003107
https://doi.org/10.1007/s13105-013-0252-9
https://doi.org/10.1007/s13105-013-0252-9
https://doi.org/10.2337/dc06-1216
https://doi.org/10.1002/biof.5520170120
https://doi.org/10.1002/biof.5520170120
https://doi.org/10.1016/s0306-3623(96)00474-0
https://doi.org/10.1016/s0306-3623(96)00474-0
https://doi.org/10.1016/j.ejphar.2019.01.065
https://doi.org/10.1155/2012/456279
https://doi.org/10.1155/2012/456279
https://doi.org/10.1016/s1043661802002311
https://doi.org/10.1016/s1043661802002311
https://doi.org/10.3322/caac.21388
https://doi.org/10.1900/RDS.2013.10.58
https://doi.org/10.32539/bsm.v5i1.162
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06
https://doi.org/10.1016/0076-6879(90)86135-i
https://doi.org/10.1093/annonc/mdg051
https://doi.org/10.1093/annonc/mdg051
https://doi.org/10.1016/j.ejphar.2015.03.086
https://doi.org/10.1200/JCO.2002.99.502
https://doi.org/10.1200/JCO.2002.99.502
https://doi.org/10.1007/s00520-019-05006-6
https://doi.org/10.1007/s00520-019-05006-6
https://doi.org/10.1007/s00520-013-2075-1
https://doi.org/10.1152/japplphysiol.00785.2012
https://doi.org/10.1152/japplphysiol.00785.2012
https://doi.org/10.1161/01.CIR.0000133187.74800.B9
https://doi.org/10.1161/01.CIR.0000133187.74800.B9


1 3

Mauro C, Mansi L (2016) Paolisso G Effects of alpha-lipoic acid 
therapy on sympathetic heart innervation in patients with previ-
ous experience of transient takotsubo cardiomyopathy. J Cardiol 
67(2):153–161. https:// doi. org/ 10. 1016/j. jjcc. 2015. 07. 012

 38. Lu X, Zhao Y, Chen C, Han C, Xue L, Xing D, Huang O, Tao 
M (2019) BNP as a marker for early prediction of anthracycline-
induced cardiotoxicity in patients with breast cancer. Oncol Lett 
18(5):4992–5001. https:// doi. org/ 10. 3892/ ol. 2019. 10827

 39. Elewa HA, Zalat ZAK, Keshk WA, Werida RH (2020) Role of 
alpha-lipoic acid in protection from cardiovascular events in 
patients with hemodialysis. J Biosci Appl Res 6(3):121–132. 
https:// doi. org/ 10. 21608/ jbaar. 2020. 106655

 40. Sardu C, Santulli G, Santamaria M, Barbieri M, Sacra C, Paolisso 
P, D’Amico F, Testa N, Caporaso I, Paolisso G, Marfella R, Rizzo 
MR (2017) Effects of alpha lipoic acid on multiple cytokines and 
biomarkers and recurrence of atrial fibrillation within 1 year of 
catheter ablation. Am J Cardiol 119(9):1382–1386. https:// doi. 
org/ 10. 1016/j. amjca rd. 2017. 01. 040

 41. Mirtaheri E, Gargari BP, Kolahi S, Dehghan P, Asghari-Jafarab-
adi M, Hajalilou M, ShakibaNovin Z, MesgariAbbasi MJ (2015) 
Effects of alpha-lipoic acid supplementation on inflammatory bio-
markers and matrix metalloproteinase-3 in rheumatoid arthritis 
patients. Am Coll Nutr 34(4):310–317. https:// doi. org/ 10. 1080/ 
07315 724. 2014. 910740

 42. Ahmadi A, Mazooji N, Roozbeh J, Mazloom Z, Hasanzade J 
(2013) Effect of alpha-lipoic acid and vitamin E supplementation 
on oxidative stress, inflammation, and malnutrition in hemodialy-
sis patients. Iran J Kidney Dis 7(6):461–467

 43. Yu J, Wang C, Kong Q, Wu X, Lu JJ, Chen X (2018) Recent pro-
gress in doxorubicin-induced cardiotoxicity and protective poten-
tial of natural products. Phytomedicine 40:125–139. https:// doi. 
org/ 10. 1016/j. phymed. 2018. 01. 009

 44. Zhang H, Li Y, De Carvalho-Barbosa M, Kavelaars A, Heijnen 
CJ, Albrecht PJ, Dougherty PM (2016) Dorsal root ganglion infil-
tration by macrophages contributes to paclitaxel chemotherapy-
induced peripheral neuropathy. J Pain 17(7):775–786. https:// doi. 
org/ 10. 1016/j. jpain. 2016. 02. 011

 45. Alkuraishy HM, Al-Gareeb A, Hussein R (2018) The poten-
tial role of thioctic acid in the attenuation of doxorubicin 

induced-cardiotoxicity. Open Acc J Oncol Med 1(3):80–83. 
https:// doi. org/ 10. 32474/ OAJOM. 2018. 01. 000120

 46. Kwiecień B, Dudek M, Bilska-Wilkosz A, Knutelska J, Bednarski 
M, Kwiecień I, Zygmunt M, Iciek M, Sokołowska-Jeżewicz M, 
Sapa J, Włodek L (2013) In vivo anti-inflammatory activity of 
lipoic acid derivatives in mice. Postepy Hig Med Dosw (Online) 
67:331–338. https:// doi. org/ 10. 5604/ 17322 693. 10462 90

 47. Zou J, Gan X, Zhou H, Chen X, Guo Y, Chen J, Yang X, Lei J 
(2015) Alpha-lipoic acid attenuates cardiac hypertrophy via inhi-
bition of C/EBPbeta activation. Mol Cell Endocrinol 399:321–
329. https:// doi. org/ 10. 1016/j. mce. 2014. 10. 003

 48. Lamson DW, Brignall MS (1999) Antioxidants in cancer therapy: 
their actions and interactions with oncologic therapies. Altern 
Med Rev 4:304–329

 49. Berkson BM, Rubin DM, Berkson AJ (2009) Revisiting the 
ALA/N (a-lipoic acid/low-dose naltrexone) protocol for people 
with metastatic and nonmetastatic pancreatic cancer: a report of 3 
new cases. Integ Cancer Ther 8:416–422. https:// doi. org/ 10. 1177/ 
15347 35409 352082

 50. Guais A, Baronzio G, Sanders E et al (2012) Adding a combina-
tion of hydroxycitrate and lipoic acid (METABLOC™) to chemo-
therapy improves effectiveness against tumor development: exper-
imental results and case report. Invest New Drugs 30:200–211. 
https:// doi. org/ 10. 1007/ s10637- 010- 9552-x

Highlights
- Alpha-lipoic acid provoked significant improvement in NCI-

CTCAE neuropathy grading and Ntx-12 score.
- Alpha-lipoic acid significantly suppressed BNP, TNF-α, 

MDA, and neurotensin levels.
- Alpha-lipoic acid may represent a promising adjuvant therapy 

to attenuate paclitaxel-associated neuropathy and to counteract 
doxorubicin-induced cardiotoxicity.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

7292 Supportive Care in Cancer (2022) 30:7281–7292

https://doi.org/10.1016/j.jjcc.2015.07.012
https://doi.org/10.3892/ol.2019.10827
https://doi.org/10.21608/jbaar.2020.106655
https://doi.org/10.1016/j.amjcard.2017.01.040
https://doi.org/10.1016/j.amjcard.2017.01.040
https://doi.org/10.1080/07315724.2014.910740
https://doi.org/10.1080/07315724.2014.910740
https://doi.org/10.1016/j.phymed.2018.01.009
https://doi.org/10.1016/j.phymed.2018.01.009
https://doi.org/10.1016/j.jpain.2016.02.011
https://doi.org/10.1016/j.jpain.2016.02.011
https://doi.org/10.32474/OAJOM.2018.01.000120
https://doi.org/10.5604/17322693.1046290
https://doi.org/10.1016/j.mce.2014.10.003
https://doi.org/10.1177/1534735409352082
https://doi.org/10.1177/1534735409352082
https://doi.org/10.1007/s10637-010-9552-x

	Role of alpha-lipoic acid in counteracting paclitaxel- and doxorubicin-induced toxicities: a randomized controlled trial in breast cancer patients
	Abstract
	Background and objective 
	Patients and methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Patients and methods
	Demography and anthropometric measurements
	Clinical assessment of paclitaxel induced peripheral sensory neuropathy
	Clinical assessment of doxorubicin induced cardiotoxicity
	Blood sampling and biochemical analyses
	Assessment of participants’ adherence and drugs tolerability
	Sample size calculation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


