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Abstract. The present study aimed to evaluate the efficacy 
and safety of acetyl‑L‑carnitine (ALC) for the treatment of  
chemotherapy‑induced peripheral neuropathy (CIPN). 
The study was carried out as a prospective, randomized, 
double‑blind, placebo‑controlled and paralleled clinical study. 
A total of 239 patients with CIPN were selected as the study 
subjects. Of the 239 subjects, 118 subjects received 3 g/day 
ALC orally for 8 weeks and 121 received a placebo. The 
primary endpoint was improvement of peripheral neuropathy 

by at least one grade. Patient status was assessed at week 4, 8 
and 12 after enrollment into the study. In both the full analysis 
set (FAS) and the per‑protocol set (PPS), peripheral sensory 
neuropathy was significantly ameliorated in the ALC group 
with 50.5 and 51.6% patients meeting the primary endpoint 
at week 8, compared with 24.1 and 23.1% of patients in the 
placebo group (P<0.001 in both sets). Secondary endpoints, 
such as the nerve electrophysiological examination and the 
Karnofsky physical score were also significantly improved 
in patients receiving ALC treatment, as compared with the 
placebo group (FAS, P=0.0463 and P=0.022; PPS, P=0.0076 
and P=0.0064, respectively). Cancer‑associated fatigue was 
significantly alleviated following ALC treatment in the PPS 
(P=0.0135). In the safety analysis set, the difference in adverse 
events incidence between the two groups was not statistically 
significant (P=0.3903). There were only two severe adverse 
events in the ALC group, which were not associated with 
the effect of ALC. In conclusion, the results of the present 
study demonstrated that in Chinese patients with cancer, oral 
administration of ALC is effective at ameliorating peripheral 
sensory neuropathy induced by chemotherapy, as well as 
reducing of cancer‑associated fatigue and improving physical 
conditions.
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Introduction

Chemotherapy‑induced peripheral neuropathy (CIPN) is 
a common, dose‑limiting adverse drug reaction in cancer 
treatment (1), which primarily presents as varying degrees of 
motor and sensory deficits, as well as autonomic dysfunction. 
Currently, paclitaxel, cisplatin, and vinblastine are the most 
commonly prescribed anti‑cancer chemotherapy drugs (2). 
Unfortunately, these drugs all produce treatment‑limiting 
peripheral neuropathy, for which there is no reliable clinical 
intervention. The primary treatment of CIPN is to reduce 
the chemotherapy dose and to extend the interval between 
treatments, or cease treatment completely (3). However, this 
is not an optimal choice for the long‑term prognosis of the 
patient.

Acetyl‑L‑carnitine (ALC) is a nutrient supplement with 
the ability to stimulate the expression of nerve growth factor 
receptor, strengthen the tubulin of nerve cells and prevent cyto-
skeletal damage and cystic nerve fibrosis, as well as improve 
sensory nerve conduction (4,5). In addition, numerous basic 
and clinical studies have demonstrated that ALC alleviates 
CIPN without reducing the antitumor drug activity (6‑8).

Sigma Tau Pharmaceuticals, Inc. developed levocarnitine 
acetate hydrochloride gastro‑resistant tablets (Nicetile®), 
which is an oral drug that first appeared on the Italian market 
in July 1984, with peripheral nerve or nerve root mechanisms 
of action and inflammatory injury as the registered indication. 
However, the effects of Nicetile® in Chinese individuals with 
CIPN remains to be elucidated. The aim of the present study 
was to investigate the efficacy and safety of levocarnitine 
acetate hydrochloride gastro‑resistant tablets on CIPN in a 
large Chinese population.

Materials and methods

Study design and approval. This study was a multicenter, 
randomized, double‑blind, and placebo‑controlled phase II 
clinical trial. It was approved by the Chinese State Food and 
Drug Administration (approval no. 2007L03540). The clinical 
trial registration number is NCT01526564. The clinical study 
was carried out in accordance with The Code of Ethics of 
the World Medical Association (Declaration of Helsinki) for 
experiments involving humans. In addition, informed consent 
was obtained from all participants involved in this study.

Eligible patients were aged 18‑75 years without gender 
limitation. Eligibility criteria included: Grade ≥3 neuropathy, 
as determined by NCI‑CTC criteria version 3.0 (9), while 
receiving paclitaxel, cisplatin or vinblastine treatment, 
and/or grade ≥2 neuropathy persisting for at least one month 
after the discontinuation of either drug, and neurotoxicity 
for <6  months; at least one abnormality on electrophysi-
ological examination; Karnofsky physical score (KPS) of 
≥60; absolute neutrophil count of ≥1.5x109/l, hemoglobin 
count of ≥80 g/l, platelet count of ≥75x109/l, total bilirubin 
counts of 1.5‑fold less than normal value, glutamic‑pyruvic 
transaminase (GPT/ALT) and glutamic‑oxalacetic transam-
inease (GOT/AST) no more than 2.5‑fold greater than the 
normal value; normal blood urea nitrogen, serum creatinine 
and electrocardiogram (ECG) findings. During the study, 
the use of steroids, analgesic or neuroprotectant drugs was 

not permitted. Patients were enrolled after providing written 
informed consent.

Exclusion criteria included: Neuropathy caused by other 
antineoplastic treatment except paclitaxel, cisplatin or vinblas-
tine; pre‑existing diabetes mellitus and/or neuropathy caused 
by vitamin deficiency, infection, trauma, poisoning, oppres-
sion, ischemia, metabolic disorders; genetic neuropathy and/or 
peripheral sensory nerve dysfunction due to central nervous 
system lesions; use of other drug therapy for neuropathy in the 
last 30 days (such as nerve growth factor, amifostine reduced 
glutathione, vitamin E or B, glucocorticoids, ethosuximide, 
carbamazepine, gabapentin, sodium thiosulfate, glutamic 
acid, lamotrigine, α‑fatty acid, lithium salt, lithium salt or 
magnesium salt); participation in other clinical trials in the 
past 30 days; out of control clinical problems (such as serious 
mental, nerve, cardiovascular and/or respiratory system 
disease); pregnant or lactating women; and poor compliance.

During the trial, patients were withdrawn if serious adverse 
events occurred, and/or the patient became pregnant. 

Patients. A total of 240 patients met the criteria and were 
recruited for the present study at Shanghai Changzheng 
Hospital (Shanghai, China) between September 4, 2010 and 
November 7, 2013. All patients were treated with at least one 
type of taxoid, either satraplatin (80 mg/m2; GPC Biotech, 
Munich, Germany) or vincristine (0.05 mg/kg2; Pharmachemic 
Hisun, Zhejiang, China). Their peripheral sensory neuropathy 
grading following chemotherapy was ≥ grade 3 or 2, lasted 
for ≥ 1 month, and the course of neuropathy was ≤6 months. 
The patient either no longer required chemotherapy or did not 
choose to undergo chemotherapy. Each patient was admin-
istered one ALC hydrochloride enteric‑coated tablet (oral 
administration; 500 mg/tablet, 2 tablets/time) three times a 
day for eight consecutive weeks. The patients of the control 
group received a placebo (lactose, 500 mg/tablet, 2 tablets/
time) in the same manner. Patients were instructed that the 
interval between doses should be at ≥4 h and were monitored 
at week 4, 8 and 12. Since drug treatment ceased after week 8, 
the results obtained after week 12 represented the long‑term 
effects of ALC intervention.

Safety analysis set (SS) was an analysis in those who 
received at least one dose of the investigational drug and 
safety valuation. Full analysis set (FAS) was analysis in which 
patients are included in the group to which they were random-
ized irrespective of compliance, administrative errors (such as 
error in eligibility), or other protocol deviations. Per protocol 
set (PPS) was an analysis in which patients are included in the 
group corresponding to the treatment they actually received. 
Patient compliance and "switchovers" were considered in the 
analysis.

Primary endpoint. The primary endpoint of the study 
was to demonstrate an improvement of ≥1  grade in 
neurotoxicity, as determined by NCI‑CTC criteria (version 3.0) 
at week 8 of ALC administration (9).

Secondary endpoints. Prior to ALC administration at 4, 8 and 
12 weeks, electrophysiological examinations were carried out 
at each time point, which included examination of the nerves 
(handedness, median nerve, ulnar nerve, common peroneal 
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nerve, tibial nerve, superficial peroneal nerve and sural nerve). 
Three neural electricity experts compared the electrophysi-
ology examination results at the 8th week (including nerve 
conductive velocity, latency period and amplitude) to the 
results obtained prior to ALC administration. The unified 
curative effect standard to centralized assess was followed 
and the evaluation results were recorded and signed by the 
experts. The results were categorized into improved, effective 
improved and no change, based on the efficient rate which was 
calculated by the following formula: Efficient rate = (Number 
of patients that improved + Number of effective improved 
patients) / (All patients ‑ Number of patients that could not be 
evaluated) x 100%.

Evaluation of safety and efficacy. The case histories of the 
patients, previous chemotherapy information, and disease and 
treatment histories were recorded during screening. Prior to 
4, 8, and 12 weeks of testing, all patients underwent baseline 
assessment, which included comprehensive physical exami-
nations, laboratory examinations, and electrophysiological 
and 12‑lead ECG examination. The physical examinations 
included the measurement of vital signs (temperature, pulse, 
respiration and blood pressure), the grading of neurotox-
icity (9), cancer‑associated fatigue classification (10) and KPS 
assessment (11). Laboratory examination included a routine 
blood panel, liver and kidney function (12) and fasting glucose 
measurement  (13). Electrophysiology examination was 
performed as described and the results were categorized into 
improved, effective improved and no change. During the study, 
all disease factors, drug combinations and adverse events were 
recorded in the case report form (CRF).

Nerve conductive velocity (NCV). NCV was examined to 
evaluate the changes prior to ALC administration and after 
8 weeks of ALC administration. Treatment was defined as 
effective if the NCV was improved after ALC administration, 
whereas, it was defined as ineffective if the NCV was reduced 
or unchanged. Effective analysis was conducted according to 
the results using the following formula: Efficient rate = number 
of patients effectively treated/(number of patients that could 
not be evaluated) x100%.

Statistical analysis. Statistical analysis was performed 
using SAS software version 9.2 (SAS Institute, Cary, North 
Carolina, USA). Independent sample t‑tests or Wilcoxon tests 
were used to compare continuous variables between groups, 
and paired t‑test or Wilcoxon tests were used for comparison 
within groups. For the categorical variable analysis, a χ2 test 
or exact test were used for comparisons between groups. The 
Cochran‑Mantel‑Haenszel‑χ2 test was used to analyze ordinal 
categorical data. Data were presented as the mean±standard 
deviation. P<0.05 was considered to indicate a significantly 
significant result.

Results

Subjects. A total of 240 patients were originally eligible for this 
study, although the final full study group included 239 CRF 
subjects. The safety analysis set (SS) contained 236 patients, 
118 in the experimental group and 118 in the control group. 

The full analysis set (FAS) contained 225 patients, 109 in 
the experimental group and 116 in the control group. The 
per‑protocol set (PPS) contained 203 patients, 95 in the experi-
mental group and 108 in the control group.

Primary endpoint‑neurotoxicity. As shown in Table  I, 
in the FAS, at the 8th  week of the study, ALC treatment 
reduced neurotoxicity in 50.5% of the experimental patients, 
compared with a 24.1% reduction in the control group. The 
difference between the ALC and placebo groups was statisti-
cally significant [95% confidence interval (CI), 14.1‑38.5%; 
P<0.001]. The 8‑week efficacy in the PPS was 51.6% (ALC) 
and 23.1% (control), which was significantly different 
(95% CI, 15.6‑41.2%; P<0.001). The statistical significance 
of these findings was maintained following correction for the 
effect of different hospital centers (P<0.001; data not shown). 
The reduction of neurotoxicity was time‑dependent for the 
patients in both treatment groups. A comparison of the effect 
of ALC between the 4th, 8th, and 12th week revealed that 
the improvement in neurotoxicity was significantly different 
between the experimental and control group (P<0.05; Table I). 
As shown in Table II, there was a observable improvement 
on the 4th week, with a decrease in the number of patients 
displaying grade ≥3 neuropathy, and an increase in the number 
of patients displaying grade  2, although the differences 
between the two groups did not reach statistical significance 
(P>0.05). By the 8th week of treatment, the difference between 
the experimental and control group was statistical significant 
(P<0.05).

To further examine whether the efficacy of ALC was 
affected by chemotherapy treatment and cancer type, the 
cancer type in the treatment and placebo groups were clas-
sified prior to comparison of ALC efficacy. In the FAS, ALC 
was able to significantly improve the peripheral neuropathy 
grading in all cancer types, results which were not observed 
in the placebo group (P<0.05; Fig. 1). ALC's effect was not 
affected by treatment with platinum‑containing chemotherapy 
(Fig. 1). In addition, chemotherapy had no difference on the 
effect of ALC, compared with the (Fig. 2).

Secondary endpoints
Electrophysiological examination. Although the results from 
week 8 in the NCV test for the median nerve, ulnar nerve, 
common peroneal nerve, tibial nerve, superficial peroneal 
nerve and sural nerve demonstrate various degrees of improve-
ment compared with the baseline at week 0, only the NCV of 
the sural nerve was significantly different between the experi-
mental and control groups (P<0.05; data not shown).

Evaluation of electrophysiology. In the FAS, ALC treatment 
significantly improved NCV in the experimental group 
(60.7%), as compared with the control group (56.9%; P<0.05). 
Similar results could be observed in the PPS group, with a 
76.8% improvement in the experimental group and a 59.3% in 
the control group (P<0.05; Table III).

Cancer‑associated fatigue. In the FAS, ALC treatment 
reduced cancer‑associated fatigue, however, the difference 
between the control (19.8%) and treatment (31.2%) groups 
was not statistically significant after 8  weeks treatment 
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(P=0.0501). Conversely, in the PPS, the effect of ALC treat-
ment was significantly different between the two groups at 
both week 8 (P<0.05) and 12 (P<0.05; Table IV).

KPS. In the FAS, ALC treatment induced a statistically signifi-
cant improvement (P<0.05) in KPS (29.3%) compared with the 
control group (13.0%). In the PPS, the improvement rate was 
31.6% in the experimental group, and 12.0% in the control 
group, a difference that was statistically significant (P<0.05). 
In both PPS and FAS, the improvement of KPS after 12 weeks 
of treatment was also statistically significant compared with 
the baseline (P<0.01).

Safety evaluation: Analysis of adverse reactions and events. 
Of the 236 patients, 41 reported a total of 62 incidents of 
adverse reactions. There was no significant difference in the 
number of adverse events between the experimental (19.5%) 
and control (15.3%) group (P>0.05; Table V). The adverse reac-
tion rate was 6.8% (8/118) for the trial group and 5.1% (6/118) 
for the control group, a difference that was not statistically 
significant (P>0.05; Table V). The primary adverse reactions 
were gastrointestinal reactions such as vomiting, abdominal 
distension and diarrhea. No statistically significant differ-
ences were observed between the treatment and control group 
(P>0.05). The most common adverse event was diarrhea [three 
cases in the ALC group (2.5%) and two cases in the control 
group (1.7%)]. Secondary events were decreased white blood 
cell count, liver dysfunction and insomnia. Notably, the three 
cases of decreased white blood cell count were all in the ALC 
group. There were three cases of liver dysfunction [one in the 
ALC group (0.8%) and two in the control group (1.7%)], and 
three cases of insomnia [two in the ALC group (1.7%) and 
one in the control group (0.8%)]. Four subjects in the ALC 
group withdrew from the study due to adverse events, but the 
adverse events in only one of these patients were associated 
with the drug. In total, seven severe adverse events (SAEs) 
occurred, two in the experimental group (1.7%) and five in 

the control group (4.2%). The incidence of adverse events was 
not statistically different between the treatment and control 
group (P>0.05), and none of the SAEs were associated with 
the drugs.

Discussion

Chemotherapy has a crucial role in the comprehensive treatment 
of cancer (14). However, CIPN is one of the most common 
dose‑limiting adverse drug reactions (15‑17). CIPN usually 
affects the dorsal root ganglia of primary sensory neurons. 
However, other sites, such as nerve terminals (distal termina-
tions of the branches of an axon), may also be affected (14). 
Clinical features of CIPN vary depending on the type of agent 
involved and the site of action, and may include pure sensory 
or sensory‑motor peripheral nerve damage of large myelinated 
or small unmyelinated fibers (14). The present study evaluated 
the efficacy and safety of ALC in Chinese patients with CIPN.

In this clinical trial, the therapeutic effect of ALC on 
neurotoxicity became evident after 8 weeks of treatment, and 
neuropathy was significantly reduced in patients treated with 
ALC. However, improvement of CIPN was a slow process, 
and statistically significant differences were not observed 
until week 8 after treatment. At week 12, there remained a 
significant difference between the ALC and the placebo group, 
demonstrating that the improvement in neurotoxicity persists 
without further clinical intervention (including discontinua-
tion of chemotherapeutics).

Electrophysiological tests of neuronal function revealed 
statistical differences between the experimental and control 
group, with improvement of electrophysiological function after 
8 weeks of treatment. These findings indicate that ALC is able 
to improve neuronal function in patients following chemo-
therapy, consistent with previous studies which demonstrated 
that prophylactic administration of oral ALC prevents the 
development of paclitaxel‑induced painful peripheral neurop-
athy (18,19). Nerve conduction velocity, one of the objective 

Table I. Peripheral sensory neurotoxicity evaluation at each visit at weeks 4, 8 and 12.

	 Full analysis set	 Per‑protocol set
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Time	 ALC (%)	 Placebo (%)	 χ²	 Pa	 ALC (%)	 Placebo (%)	 χ²	 Pa

Week 4
  Valid	 29 (26.6)	 16 (13.8)	 5.766	 0.016	 26 (27.4)	 14 (13.0)	 6.629	 0.010
  Invalid	 80 (73.4)	 100 (86.2)			   69 (72.6)	 94 (87.0)		
Week 8
  Valid	 55 (50.5)	 28 (24.1)	 16.722	 <0.001	 49 (51.6)	 25 (23.1)	 17.636	 <0.001
  Invalid	 54 (49.1)	 88 (75.9)			   46 (48.4)	 83 (76.9)		
Week 12
  Valid	 63 (57.8)	 46 (39.7)	 7.406	 0.007	 57 (60.0)	 41 (38.0)	 9.830	 0.002
  Invalid	 46 (42.2)	 70 (60.3)			   38 (40.0)	 67 (62.0)		

Neurotoxicities were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events (version  3.0). 
Neurotoxicities were evaluated in patients before enrollment, and at weeks 4, 8 and 12. Neurotoxicity was defined as valid if the grade at weeks 
4, 8 and 12 decreased compared with prior to enrollment. Otherwise, it was defined as invalid. ALC, acetyl‑L‑carnitine group; aP‑values were 
calculated with a two‑sided χ² test.
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indicators of peripheral neuropathy was also improved, but 
this improvement was less marked than the improvement 
in the subjective symptoms of the patients. Comparison of 
the neuronal conduction velocity between the baseline and 
week 8 of the trial indicated that only the sural sensory nerve 
exhibited a significant improvement in function. The following 
factors may be responsible: i) Motor neuron toxicity appears in 
the early stages of chemotherapy, thus, following timely treat-
ment, neuronal function was improved and the difference in 
conduction speed of the two groups of motor neurons was not 
statistically significant; ii) the median, ulnar, and superficial 
peroneal nerves are composed of finer fibers and are located 

peripherally compared with the nervus suralis neural fiber of 
the leg, and the coarser fibers are thus more resistant to CIPN; 
iii) the sensory nerve fibers recover more rapidly, and therefore 
only the sural sensory nerve demonstrated significant treat-
ment differences.

At the 4th week of this study, the number of patients with 
grade 3 decreased, but there was no statistical difference 
between the two groups. By the 8th  week, the difference 
between the two groups gained statistical significance, 
suggesting that the onset and process of CIPN improvement 
is slow. Therefore, the treatment of CIPN requires long‑term 
medication. After 4 weeks of ALC withdrawal (12th week of 

Table II. Peripheral sensory neurotoxicity grading.

CTC grade	 ALC (%)	 Placebo (%)	 χ²	 Pa

FAS
  Baseline
    I	 0 (0.0)	 0 (0.0)	 1.175	 0.278
    II	 42 (38.5)	 53 (45.7)		
    III	 67 (61.5)	 63 (54.3)		
  4th week
    I	 6 (5.6)	 8 (7.3)	 0.873	 0.646
    II	 61 (57.0)	 56 (50.9)		
    III	 40 (37.4)	 46 (41.8)		
  8th week
    I	 27 (25.2)	 20 (18.2)	 6.242	 0.0441
    II	 54 (50.5)	 46 (41.8)		
    III	 26 (24.3)	 44 (40.0)		
  12th week
    I	 37 (34.6)	 28 (25.5)	 3.7594	 0.153
    II	 48 (44.9)	 48 (43.6)		
    III	 22 (20.6)	 34 (30.9)		

PPS
  Baseline
    I	 0 (0.0)	 0 (0.0)	 1.910b	 0.167
    II	 34 (35.8)	 49 (45.4)		
    III	 61 (64.2)	 59 (54.6)		
  4th week
    I	 5 (5.3)	 8 (7.8)	 1.007b	 0.605
    II	 52 (55.3)	 50 (49.0)		
    III	 37 (39.4)	 44 (43.1)		
  8th week
    I	 22 (23.4)	 18 (17.6)	 5.364b	 0.068
    II	 48 (51.1)	 42 (41.2)		
    III	 24 (25.5)	 42 (41.2)		
  12th week
    I	 32 (34.0)	 25 (24.5)	 4.299b	 0.117
    II	 43 (45.7)	 44 (43.1)		
    III	 19 (20.2)	 33 (32.4)		

aP‑values were calculated with the two‑sided or CMH χ2 tests. bCMH χ2 tests. CTC, common toxicity criteria; CMH, Cochran‑Mantel‑Haenszel; 
ALC, acetyl‑L‑carnitine; FAS, full analysis set; PPS, per‑protocol set.
 



SUN et al:  EFFICACY AND SAFETY OF ACETYL-L-CARNITINE ON CIPN4022

trial), the two groups returned to being statistically indistin-
guishable from one another. The trial group improved more 
than the control group with 37  grade  1 patients (34.6%), 
compared with 28 (25.5%) in the control group, and 22 cases 
(20.6%) of grade 3 patients in the trial group, compared with 
34 cases (30.9%) in the control group. It was hypothesized 
that if this treatment period was extended to 12 weeks, the 
improvement would be further increased.

In the current study, the efficacy of ALC on CIPN improve-
ment was not associated with the subject cancer types or the 
chemotherapy. Although chemotherapy may induce CIPN 

via various pathways, the main characteristics are inflam-
mation and neuronal necrosis. Given the potential influence 
of chemotherapy, all patients in the study had not previously 
received chemotherapy (20‑23). Another important point is all 
the subjects in the study has stopped and would not receive the 
chemotherapy. Therefore, the influence of chemotherapy may 
be eliminated.

In the PPS, the ALC group had significantly diminished 
cancer‑associated fatigue compared with the control group. In 
both the FAS and PPS, the ALC group exhibited significant 
improvements in KPS compared with the control group. These 

Table IV. Cancer‑associated fatigue.

CTC grade	 ALC (%)	 Placebo (%)	 χ²	 P

FAS
  4th week
    Valid	 17 (15.6)	 16 (13.8)	 0.146	 0.702
    Invalid	 92 (84.4)	 100 (86.2)		
  8th week
   Valid	 34 (31.2)	 23 (19.8)	 3.837	 0.050
    Invalid	 75 (68.8)	 93 (80.2)		
  12th week
    Valid	 41 (37.6)	 31 (26.7)	 3.063	 0.080
    Invalid	 68 (62.4)	 85 (73.3)		

PPS
  4th week
    Valid	 17 (17.9)	 14 (13.0)	 0.950	 0.330
    Invalid	 78 (82.1)	 94 (87.0)		
  8th week
    Valid	 32 (33.7)	 20 (18.5)	 6.100	 0.014
    Invalid	 63 (66.3)	 88 (81.5)		
  12th week
    Valid	 39 (41.1)	 27 (25.0)	 5.936	 0.015
    Invalid	 56 (58.9)	 81 (75.0)		

FAS, full analysis set; PPS, per‑protocol set; ALC, acetyl‑L‑carnitine. P‑values were calculated with a two sided χ² test.
 

Table III. Nerve electrophysiological function (Week 8).

	 Full analysis set	 Per‑protocol set
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Effect	 ALC (%)	 Placebo (%)	 χ²	 Pa	 ALC (%)	 Placebo (%)	 χ²	 Pa

Marked effect	 22 (20.2)	 17 (14.7)	 4.133	 0.126	 21 (22.1)	 16 (14.8)	 7.330	 0.026
Improved	 54 (49.5)	 49 (42.2)			   52 (54.7)	 48 (44.4)		
Unchanged	 33 (30.3)	 50 (43.1)			   22 (23.2)	 44 (40.7)		
Valid	 76 (60.7)	 66 (56.90)	 3.972	 0.046	 73 (76.8)	 64 (59.3)	 7.121	 0.008
Invalid					     22 (23.2)	 44 (40.7)		

Valid, marked effect + improved; invalid, unchanged. A marked effect was defined if the decreased rate was ≥50%. Improved was defined if 
the decreased rate was ≥16% and <50%. Unchanged was defined if the decreased rate was <16%. aP‑values were calculated with a two‑sided 
χ² test. ALC, acetyl‑L‑carnitine.
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results demonstrate that ALC is able to ease cancer‑associated 
fatigue and improve the physical condition of patients 
following chemotherapy. Fatigue, caused by tumors and their 
associated treatment is a common problem for patients with 
cancer, and chronic fatigue seriously diminishes patient quality 
of life. Currently, there is a lack of pharmacological therapies 
for the treatment of cancer‑associated fatigue. The results of 
this clinical study demonstrate that ALC is able to reduce 
cancer‑associated fatigue, thus improving patient quality of life.

The overall incidence of adverse reactions in this clinical 
study was 5.9%, with 6.8% for the ALC group. In total, 3.4% 

of the patients withdrew from the study due to adverse reac-
tions. These results demonstrate that ALC is well tolerated 
in patients, which is consistent with previous studies (24‑27). 
Seven cases of SAE [two in the trial group (1.7%) and five in 
the control group (4.2%)] were recorded, although none of the 
SAEs were determined to be associated with drug administra-
tion. These findings provide evidence of the high safety profile 
of this type of treatment intervention.

In conclusion, to the best of our knowledge, the present 
study provides the first demonstration of the efficacy and 
safety of ALC for reducing chemotherapy‑induced peripheral 

Table V. Comparison of adverse reaction and adverse event incidence.

Incident	 ALC (%)	 Placebo (%)	 χ²	 Pa

Adverse events
  Yes	 23 (19.5)	 18 (15.3)	 0.738	 0.3903
  No	 95 (80.5)	 100 (84.7)		
Adverse reaction
  Yes	 8 (6.8)	 6 (5.1)	 0.3037	 0.5816
  No	 110 (93.2)	 112 (94.9)		

ALC, acetyl‑L‑carnitine; aP‑values were calculated with a two sided χ² test.

Figure 2. Ratio of various chemotherapy drugs. Chemotherapy drugs used in the patients receiving either ALC or placebo, including taxol, platinum and 
vinblastine. FAS, full analysis set; PPS, per‑protocol set; ALC, acetyl‑L‑carnitine.

Figure 1. Peripheral neuropathy grading improved efficiency in patients with various types of cancer. Cancer types of the patients enrolled in the study include 
colorectal, gastric, lung, gynecological, bone and soft tissue, and head and neck cancers. Peripheral neuropathy grading improved efficiency was measured in 
the patients receiving either ALC or placebo. *P<0.05 vs. placebo. ALC, acetyl‑L‑carnitine; FAS, full analysis set.
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neuropathy toxicity and its associated symptoms. Based on 
these results, ALC may have an important role in the treatment 
of chemotherapy‑induced peripheral neuropathy in China.
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