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A B S T R A C T

Purpose
Chemotherapy-induced peripheral neuropathy (CIPN) is common and leads to suboptimal treat-
ment. Acetyl-L-carnitine (ALC) is a natural compound involved in neuronal protection. Studies have
suggested ALC may be effective for the prevention and treatment of CIPN.

Patients and Methods
A 24-week randomized double-blind trial comparing ALC (3,000 mg per day) with placebo in
women undergoing adjuvant taxane-based chemotherapy was conducted. The primary objective
was to determine if ALC prevents CIPN as measured by the 11-item neurotoxicity (NTX)
component of the Functional Assessment of Cancer Therapy (FACT) –Taxane scale at 12 weeks.
Secondary objectives included changes in 24-week end points, functional status (FACT–Trial
Outcome Index [TOI]), fatigue (Functional Assessment of Chronic Illness Therapy [FACIT]
–Fatigue), and NTX grade.

Results
A total of 409 patients were evaluable (208 received ALC; 201, placebo). In a multivariate linear
regression, week-12 scores were 0.9 points lower (more CIPN) with ALC than placebo (95% CI,
�2.2 to 0.4; P � .17), whereas week-24 scores were 1.8 points lower with ALC (95% CI, �3.2 to
�0.4; P � .01). Patients receiving ALC were more likely to have a � 5-point decrease in FACT-NTX
scores (38% v 28%; P � .05), and FACT-TOI scores were 3.5 points lower with ALC (P � .03).
Grade 3 to 4 neurotoxicity was more frequent in the ALC arm (eight v one). No differences
between arms were observed for FACIT-Fatigue or other toxicities. Serum carnitine level
increased with ALC but remained stable with placebo.

Conclusion
There was no evidence that ALC affected CIPN at 12 weeks; however, ALC significantly increased
CIPN by 24 weeks. This is the first study to our knowledge showing that a nutritional supplement
increased CIPN. Patients should be discouraged from using supplements without proven efficacy.

J Clin Oncol 31. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Chemotherapy-induced peripheral neuropathy
(CIPN) is a common and disabling adverse effect of
some widely used anticancer agents, including tax-
anes, vinca alkaloids, platinum salts, epothilones,
and thalidomide. This has important clinical signif-
icance because neurotoxicity (NTX) may be a dose-
limiting adverse effect leading to early treatment
discontinuation. Large clinical trials have demon-
strated a survival benefit with taxanes administered
in the adjuvant setting for breast cancer.1 Unfortu-
nately, taxanes are associated with CIPN, which is

predominantly a distal sensory neuropathy charac-
terized by pain, paresthesias, and reduced functional
capacity.2 Up to 80% of patients treated with taxanes
report some neuropathy, and approximately 25% to
30% report severe neuropathy.3-5 The symptoms
usually begin during chemotherapy, can increase
after completion of therapy, and may have a waxing
and waning course.

The only approach to managing the symptoms
of CIPN has been limiting total dose, reducing indi-
vidual doses, or discontinuing therapy. However,
once significant CIPN develops, these measures may
be ineffective. Symptomatic treatments for CIPN
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include antidepressants, anticonvulsants, and nonnarcotic and nar-
cotic analgesics.6 However, results from drug treatment studies have
generally been conflicting, with small sample sizes and limitations
resulting from adverse effects. None of these studies have prospec-
tively evaluated these agents for the prevention of the long-term effects
of CIPN in the adjuvant breast cancer treatment setting.

Acetyl-L-carnitine (ALC) is a natural compound that has a role in
intermediary metabolism. In mitochondria, it ensures the availability
of acetyl-CoA for the elimination of toxic metabolic byproducts. ALC
is involved in the acetylation of tubulin,7 which plays an important
role in neuronal protection.8 In animal models of CIPN, ALC im-
proved sensory neuropathy and reduced the severity of neuropathy
development.9 ALC has also been shown to improve neuropathy in
patients with diabetes10,11 and HIV.12 In a single-arm phase II study,
25 patients with grade 2 to 3 CIPN were treated with 3 g of ALC daily.13

Sensory neuropathy improved in 15 patients (60%), with six pa-
tients improving by 2 points and nine patients improving by 1
point, according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (CTCAE) 5-point scale. Of
14 patients with motor neuropathy, 11 patients (79%) improved.
Toxicity was limited to mild nausea.13 On the basis of these pre-
liminary data, we conducted a prospective randomized double-
blind placebo-controlled clinical trial to test the hypothesis that
ALC prevents symptoms of CIPN in women undergoing taxane-
based adjuvant therapy for early-stage breast cancer.

PATIENTS AND METHODS

The study was activated in September 2009 and closed to accrual in February
2011. Patients were informed of the investigational nature of the study and
signed informed consent. The study was conducted after appropriate approval
by individual institutional review boards in compliance with the provisions of
the Declaration of Helsinki and Good Clinical Practice guidelines.

Patient Characteristics

Women age � 18 years with a history of stage I to III breast cancer
scheduled to undergo adjuvant taxane-based chemotherapy with one of the
following standard regimens were included: paclitaxel 80 mg/m2 once per
week for 12 cycles, paclitaxel 175 mg/m2 once every 2 weeks for four cycles,
paclitaxel 175 mg/m2 once every 2 weeks for six cycles, docetaxel 75 mg/m2

once every 3 weeks for four cycles, or docetaxel 75 mg/m2 once every 3 weeks
for six cycles. Patients were required to have a Zubrod performance status of 0
to 2. Serum creatinine � 2.5� the institutional upper limit of normal was
required. Patients with a history of diabetes, history of peripheral neuropathy
resulting from other causes, or seizure disorder were excluded. Patients receiv-
ing any of the following medications used to treat CIPN were excluded:
vitamin E, glutamine, gabapentin, nortriptyline, amitriptyline or duloxetine
hydrochloride (HCL), and other nutritional supplements used to treat CIPN.

Study Design

We conducted a randomized double-blind multicenter trial comparing
3,000 mg per day (six capsules) of ALC (Thorne Research, Sandpoint, ID)
versus matching placebo daily for 24 weeks. Each active capsule contained ALC
HCL 590 mg and cellulose 10 mg. The 590 mg of ALC HCL provided 500 mg
of ALC. Each placebo capsule contained 600 mg of cellulose. Patient random-
ization was stratified by planned taxane-based chemotherapy treatment and
age (� 60 v � 60 years). Study drug was initiated at the start of taxane
chemotherapy. After completion of the study, the capsules were retested for
stability and composition. Serum was collected at baseline and week 12, stored
at �80°C, and tested centrally for carnitine levels (Appendix, online only).

Outcome Measures

Patients were assessed at baseline (before starting taxane therapy and
ALC or placebo) for peripheral neuropathy using the 11-item NTX compo-

nent of the Functional Assessment of Cancer Therapy (FACT) –Taxane
(FACT-NTX) symptom module as a continuous measure. A lowering in the
FACT-NTX score (worse CIPN) � 10% or 5 points is considered clinically
significant.14 For secondary objectives, functional status was measured with
the FACT-Taxane Trial Outcome Index (TOI; FACT-TOI) score.14 Fatigue
was measured with the 13-item Functional Assessment of Chronic Illness
Therapy (FACIT) –Fatigue symptom module score; lower scores reflect more
fatigue.14,15 Patients were assessed at baseline and weeks 12, 24, 36, 52, and 104.
Collection of long-term follow-up data is ongoing.

National Cancer Institute CTCAE Version 3.0 Neuropathy

Clinician grading of adverse events on a scale of 0 to 5 was performed for
motor neuropathy (asymptomatic weakness, symptomatic weakness, and
weakness interfering with activities of daily living) and sensory neuropathy
(asymptomatic, loss of deep tendon reflex, sensory alteration or paresthesias,
and sensory alteration or paresthesias interfering with activities of daily living).
Other adverse events were measured similarly.

Statistical Considerations

The primary end point was the absolute difference between arms in the
change in FACT-NTX score from baseline to 12 weeks. Power estimates were
based on a two-arm normal design. Assuming a standard deviation of 9.4, a
sample size of 380 patients (190 per arm) was sufficient for 80% power to
detect a 3-point difference in the change in FACT-NTX subscale between
groups, using a two-sided test with � � .05 and accounting for up to a 10%
dropout rate and 5% nonadherence. Secondary objectives were to determine
differences in FACT-TOI, FACIT-Fatigue, and neurotoxicity grade at 12 and
24 weeks.

The primary analysis adjusted for baseline FACT-NTX score and strati-
fication factors. Linear and logistic regression (10%; 5-point change) analyses
were used in the multivariate analysis.

RESULTS

Accrual, Eligibility, and Evaluability

From September 2009 to February 2011, 437 patients were ac-
crued. Twenty-seven patients were ineligible for the following reasons:
prior taxane therapy (n � 2), no baseline blood draw (n � 11), and
incomplete baseline information (n � 14). One eligible patient who
withdrew consent for all study follow-up was not analyzable for any
end point, leaving 409 evaluable patients, of whom 208 received active
agent and 201 received placebo (Fig 1). There was no differential
dropout or difference in drug compliance between arms as assessed by
pill counts.

Patient Characteristics

Patient characteristics by intervention assignment are listed in
Table 1. No notable imbalances by arm were observed by age, ethnic-
ity, race, planned taxane-based chemotherapy treatment, perfor-
mance status, stage, or serum carnitine level.

FACT-NTX Subscale Score

A total of 191 of the 208 evaluable patients in the ALC arm (92%)
and 181 of the 201 eligible patients in the placebo arm (90%) under-
went week-12 FACT-NTX assessments. The mean observed FACT-
NTX subscale score was 5.2 points lower (worse CIPN) at 12 weeks
compared with baseline in the intervention arm and 4.5 points lower
in the placebo arm (Table 2). In a linear regression assessing week-12
subscale scores by treatment and adjusting for baseline score, planned
taxane-based treatment type, and age, week-12 scores were 0.9 points
lower in the ALC arm than in the placebo arm (95% CI, �2.2 to 0.4;
P � .17; Table 3).
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Multivariate analyses based on the change in score from baseline
to week 12 yielded similar results (P � .23). No interactions were
observed by age (P� .39) or baseline FACT-NTX score (P� .27). Also
at 12 weeks, 38% of those receiving ALC had a � 5-point decrease in
score compared with 30% receiving placebo (odds ratio [OR], 1.48;
P � .08; Table 3).

A total of 174 of the 208 eligible patients in the intervention
arm (84%) and 173 of the 201 eligible patients in the placebo arm
(86%) underwent week-24 FACT-NTX assessments. The mean
observed FACT-NTX subscale score was 5.3 points lower at 24
weeks in the intervention arm and 3.6 points lower in the placebo
arm (Table 3). In the multivariate linear regression model, week-24
scores were 1.8 points lower in the ALC arm than in the placebo
arm (95% CI, �0.4 to �3.2; P � .01), representing a statistically
significant trend toward more self-reported neuropathy symptoms
in the ALC arm (Table 3).

Multivariate analyses based on the change in score from baseline
to week 24 yielded similar results (P � .02). No differential effects of
intervention assignment on outcome were observed by age (P � .74)
or baseline FACT-NTX level (P � .80). At 24 weeks, 38% of those
receiving ALC had a � 5-point decrease in score compared with 28%
receiving placebo (OR, 1.57; P � .05; Table 3).

Cumulative Frequency of Week-12 and Week-24

FACT-NTX Scores

The relative cumulative frequencies of week-12 and week-24
FACT-NTX scores by arm are shown in Figures 2A and 2B, respec-
tively. The separation between the curves indicates the shift in distri-
bution between arms with respect to NTX score. There is a higher
frequency of lower FACT-NTX scores for the ALC arm (worse CIPN),
a difference that is maintained throughout the spectrum of scores.

Thus, the shift in the distribution of scores by arm at week 24 is
consistent across a wide range of scores and is not just because of a few
extreme values influencing the results.

Carnitine Levels

For the purposes of this analysis, patients in the lowest quartile
carnitine level were defined as carnitine deficient. There was no differ-
ence by arm in the proportion of patients who were carnitine deficient
at baseline (P � .87). The addition of baseline carnitine deficiency
status to the multivariate model had minimal impact on results by
treatment. Week-12 scores were 0.9 points lower in the ALC arm than

Patients registered
(N = 437)

Evaluable patients
(n = 409)

Eligible patients
(n = 410)

Acetyl-L-carnitine
(n = 208)

Evaluable for toxicity
(n = 201)

Placebo
(n = 201)

Evaluable for toxicity
(n = 194)

Withdrew consent for all follow-up
(n = 1)

Ineligible
   Incomplete baseline information
   No baseline blood draw
   Previous taxane therapy

(n = 27)
(n = 14)
(n = 11)
(n = 2)

Fig 1. CONSORT diagram.

Table 1. Patient Demographic and Clinical Characteristics

Characteristic

ALC
(n � 208)

Placebo
(n � 201)

No. % No. %

Age, years
Median 52 50
Range 27-80 26-77
� 60 149 72 143 71
� 60 59 28 58 29

Hispanic
Yes 21 10 15 7
No 181 87 177 88
Unknown 6 3 9 4

Race
White 160 77 165 82
Black 17 8 20 10
Asian 12 6 8 4
Pacific Islander 4 2 2 1
Native American 1 0 0 0
Multiracial 2 1 1 0
Unknown 12 6 5 2

Treatment
Paclitaxel once per week, 12 cycles 73 35 68 34
Paclitaxel every 2 weeks for four cycles 48 23 51 25
Paclitaxel every 2 weeks for six cycles 3 1 5 2
Docetaxel every 3 weeks for four cycles 51 25 48 24
Docetaxel every 3 weeks for six cycles 33 16 29 14

Performance status
0 156 75 146 73
1 51 25 54 27
2 1 � 1 1 � 1

Breast cancer stage
I 57 27 50 25
II 110 53 107 54
III 41 20 43 21

Serum carnitine level, ng/mL�

Baseline†
Mean 5,562 5,447
SD 2,525 2,005

12 weeks‡
Mean 7,176 5,493
SD 2,104 2,224

Abbreviations: ALC, acetyl-L-carnitine; SD, standard deviation.
�Sample size (n � 206) with both baseline and week-12 carnitine scores

(ALC, n � 108; placebo, n � 98).
†Difference between baseline and 12-week carnitine level in ALC group

(P � .001).
‡Difference between 12-week carnitine level in ALC and placebo groups

(P � .001).
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in the placebo arm (95% CI, �2.5 to 0.6; P � .23). Week-24 scores
were �2.3 points lower in the ALC arm than in the placebo arm (95%
CI, �4.0 to �0.6; P � .007).

Functional Status

Functional status was assessed using the FACT-TOI score. In
the ALC arm, the mean baseline FACT-TOI score was 99.3, and the
mean week-12 score was 91.9 —a drop of 7.4 points (decreased
functional status). In the placebo arm, there was a similar drop of
7.4 points. In adjusted linear regression, week-12 scores were 0.2
points lower in the ALC arm than in the placebo arm (95% CI,
�3.0 to 2.7; P � .92; Table 2). Week-24 scores were 3.5 points
lower in the ALC arm than in the placebo arm (95% CI, �6.5 to
�0.4; P � .03), representing a statistically significant decrease in
functional status in the ALC arm.

Fatigue

Fatigue was assessed using the FACT-Fatigue score. In the
ALC arm, the mean FACT-Fatigue score dropped 0.9 points (wors-
ening fatigue). In the placebo arm, the mean FACT-Fatigue score
dropped 2.4 points. In adjusted linear regression, there was no
difference by arm in week-12 scores (ALC minus placebo, 1.3
points; 95% CI, �0.7 to 3.3; P � .20; Table 2).

At 24 weeks, in the ALC arm, the mean FACT-Fatigue score had
increased 1.7 points; in the placebo arm, the score had increased 2.2
points. In adjusted linear regression, there was no difference by arm in
week-24 scores (ALC minus placebo, �0.6 points; 95% CI, �2.5 to
1.3; P � .51).

Adverse Events

Two patients experienced grade 3 toxicities resulting from study
treatment; one patient in the ALC arm experienced grade 3 vomiting,
and one patient in the placebo arm experienced grade 3 insomnia.
There were eight cases of grade 3 to 4 neuropathy reported in the ALC
arm and one in the placebo arm resulting from taxane (P � .46; Table
4). There was no difference in treatment delays or dose reductions of
taxane-based chemotherapy between the arms.

DISCUSSION

Despite the supportive evidence from preclinical and phase II studies
that ALC may be effective for both treatment and prevention of
taxane-induced symptoms of CIPN, in this large placebo-controlled
trial, we found no evidence that ALC had a positive impact on the
prevention of CIPN at 12 weeks in women undergoing adjuvant breast
cancer therapy. Unexpectedly, we did find that ALC actually increased
CIPN and decreased functional status at 24 weeks, as measured by
both patient-reported outcomes (FACT-NTX, FACT-TOI) and the
CTCAE motor and sensory NTX scales. Supplementation resulted in
an increase in serum carnitine in the ALC arm but no change in the
placebo arm over time. No differences were observed between groups
with regard to fatigue or other adverse events.

The need for well-tolerated effective therapy for CIPN is a high
priority in oncology because an increasing number of effective cancer
agents result in dose-limiting neurologic toxicity. Despite efforts by
many investigators testing a number of promising agents, results from

Table 2. Mean FACT-NTX, Functional Status, and Fatigue Scores at 12 and 24 Weeks

Analysis

Observed Baseline Observed Fitted

P �Mean Range Mean Range Mean Range

FACT-NTX†
Week-12 analysis (n � 372)‡ .17

ALC (n � 191) 40.6 40.1-41.1 35.4 34.3-36.4 35.4 34.1-36.7
Placebo (n � 181) 40.8 40.2-41.5 36.4 35.4-37.4 36.3 35.0-37.6

Week-24 analysis (n � 347)§ .01
ALC (n � 174) 40.6 40.0-41.1 35.3 34.1-36.5 35.5 34.2-36.9
Placebo (n � 173) 41.1 40.5-41.6 37.5 36.6-38.5 37.3 36.0-38.7

Functional status†
Week-12 analysis (n � 372)‡ .92

ALC (n � 191) 99.3 97.4-101.3 91.9 89.5-94.2 92.1 89.3-94.9
Placebo (n � 181) 99.9 97.7-102.1 92.5 90.1-95.0 92.3 89.4-95.1

Week-24 analysis (n � 347)§ .03
ALC (n � 174) 100.0 98.0-102.0 95.1 92.5-97.7 95.2 92.2-98.3
Placebo (n � 173) 100.1 98.0-102.3 98.9 96.5-101.2 98.7 95.7-101.8

Fatigue†
Week-12 analysis (n � 371)‡ .20

ALC (n � 191) 37.3 35.7-38.9 36.4 34.9-37.9 36.6 34.7-38.6
Placebo (n � 180) 37.9 36.2-39.5 35.5 33.9-37.1 35.3 33.4-37.3

Week-24 analysis (n � 348)§ .51
ALC (n � 174) 37.6 35.9-39.3 39.3 37.9-40.7 39.5 37.6-41.3
Placebo (n � 174) 38.1 36.4-39.8 40.3 38.7-41.8 40.1 38.2-42.0

Abbreviations: ALC, acetyl-L-carnitine; FACT-NTX, neurotoxicity component of Functional Assessment of Cancer Therapy–Taxane scale.
�From multivariate analysis adjusting for age, baseline FACT-NTX, and planned taxane treatment.
†Higher scores reflect less neurotoxicity, better functional status, and less fatigue, respectively.
‡Among patients with week-12 scores only.
§Among patients with week-24 scores only.
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prior studies evaluating tricyclic antidepressants, anticonvulsants,
amifostine, and a variety of natural products such as glutamine, vita-
min E, and glutathione have been disappointing.16-19 A recent trial
evaluatingatopicalcombinationofbaclofen,amitriptyline,andketamine
for treating CIPN demonstrated a trend toward improvement in sensory
neuropathy and a statistically significant improvement in motor neurop-
athy, although the effect size was small.20 Also of interest, an unblinded
pilot trial recently reported that a patient-specific electrostimulation de-
vice (MC5-A Calmare; Competetive Technologies, Wakefield, RI) re-
duced neuropathic pain by 59%.21 Additional studies are ongoing to
better define the benefit of this new device. Limitations from prior
controlled trials include enrollment of patients with advanced-
stage cancer, heterogeneous chemotherapy exposure, and nonspe-
cific outcome measures.

Unlike prior studies that failed to show benefit from the interven-
tion, we found that at 24 weeks, there was a significant detrimental
effect of the ALC intervention, with worse scores on the FACT-NTX
and FACT-TOI and more grade 3 to 4 NTX. With regard to clinically
meaningful results, 38% of those receiving ALC had a � 5-point
decrease in FACT-NTX score compared with 28% of those receiving
placebo (OR, 1.57; P � .05). Furthermore, baseline carnitine defi-
ciency status was not associated with the development of CIPN in

either arm of the study. We questioned why this occurred. In addition
to their role in the acetylation of tubulin, carnitines exert a substantial
antioxidant action, thereby providing a protective effect against oxi-
dative stress.22 Reactive oxygen species cause damage to DNA and
proteins and trigger apoptosis, which can result in tumor- and
normal-cell death. Antioxidants may also block treatment-generated
reactive oxygen species, leading to lower levels of cell damage.22,23

Several other clinical trials of nutritional supplements that showed
promise in preclinical and observational studies were found to be
detrimental in clinical trials. Examples include increases in lung cancer
among men receiving beta carotene,24 second primary cancers with
alpha tocopherol,25 and prostate cancer risk with vitamin E.26 We will
be conducting a variety of correlative studies to better understand the
mechanism of CIPN.

Use of complementary medicine, particularly antioxidant sup-
plements, is widespread among patients with cancer.27 Among 663
participants in the Long Island Breast Cancer Study who completed
follow-up interviews, 401 (60.5%) reported using antioxidants during
adjuvant treatment, and of these, 278 women (69.3%) used high
doses.28 Americans spend � $12 billion per year on dietary supple-
ments.29 This is of particular concern, given the paucity of evidence of
benefit and the increasing evidence of harm.

Table 3. Multivariate Analyses Comparing FACT-NTX Scores Between ALC and Placebo Arms at 12 and 24 Weeks

Linear Regression Analyses�†

Week-12 Analysis (n � 372) Week-24 Analysis (n � 347)

Coefficient 95% CI P Coefficient 95% CI P

Intercept 7.26 0.38 to 14.14 .04 4.35 �3.61 to 12.31 .28
Treatment‡ �0.91 �2.21 to 0.39 .17 �1.80 �3.16 to �0.43 .01
Baseline NTX score 0.69 0.52 to 0.86 � .001 0.82 0.62 to 1.01 � .001
Age (� 60 v � 60 years)§ �0.78 �2.25 to 0.69 .30 �1.66 �3.22 to �0.11 .04
Planned taxane treatment�

Paclitaxel once per week for 12 cycles 0.00 Referent 0.00 Referent
Paclitaxel every 2 weeks for four cycles 0.20 �1.50 to 1.90 .82 �0.10 �1.90 to 1.69 .91
Paclitaxel every 2 weeks for six cycles 1.62 �3.61 to 6.85 .54 �0.06 �5.37 to 5.25 .98
Docetaxel every 3 weeks for four cycles 2.17 0.43 to 3.91 .02 0.14 �1.70 to 1.98 .89
Docetaxel every 3 weeks for six cycles 2.60 0.52 to 4.68 .02 0.41 �1.79 to 2.61 .72

Logistic Regression Analyses¶

Week-12 Analysis (n � 372) Week-24 Analysis (n � 347)

OR 95% CI P OR 95% CI P

Treatment‡
Placebo 1.00 Referent 1.00 Referent
ALC 1.48 0.96 to 2.29 .08 1.57 0.99 to 2.49 .05

Age, years§
� 60 1.00 Referent 1.00 Referent
� 60 1.15 0.71 to 1.87 .57 2.05 1.24 to 3.37 .005

Planned taxane treatment¶
Paclitaxel once per week for 12 cycles 1.00 Referent 1.00 Referent
Paclitaxel every 2 weeks for four cycles 0.87 0.50 to 1.50 .61 1.07 0.59 to 1.93 .84
Paclitaxel every 2 weeks for six cycles 0.75 0.13 to 4.29 .75 0.41 0.05 to 3.63 .42
Docetaxel every 3 weeks for four cycles 0.57 0.32 to 1.02 .06 0.72 0.38 to 1.32 .27
Docetaxel every 3 weeks for six cycles 0.49 0.24 to 0.99 .05 1.02 0.50 to 2.06 .96

Abbreviations: ALC, acetyl-L-carnitine; FACT-NTX, neurotoxicity component of Functional Assessment of Cancer Therapy–Taxane scale; NTX, neurotoxicity; OR,
odds ratio.

�Week-12 linear regression analysis represents planned primary end point analysis.
†Separate linear regression models that evaluated interaction of treatment and baseline NTX score resulted in regression coefficients for interaction term of 0.18

(95% CI, �0.14 to 0.51; P � .27) for week-12 analysis and �0.05 (95% CI, �0.42 to 0.32; P � .80) for week-24 analysis.
‡Coded as placebo � 0; ALC � 1.
§Coded as � 60 � 0; � 60 � 1.
�Coded as indicator variables, with weekly paclitaxel for 12 weeks as the reference group.
¶Dependent variable for logistic regression analyses was � 5-point decrease in FACT-NTX score at follow-up assessment time.
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Use of ALC was based on numerous animal studies using an
established CIPN rat model showing direct neuronal benefits of ALC
for preventing both taxane and oxaliplatin NTX.30-33 These studies
showed that the incidence of swollen and vacuolated C-fiber
mitochondria in peripheral nerve axons was decreased with the
administration of ALC and that ALC prevented slowing of sensory
neurons as measured by nerve conduction studies.30,31 It is possible
that we would have seen similar results if nerve biopsies or nerve
conduction studies had been performed. We relied on patient-
reported outcomes and believe that these are clinically meaningful end
points known to correlate to objective measures.

Given the strength of preclinical evidence, one may question if
methodologic choices in the study design contributed to these
unexpected findings. First, we chose a dose of 1,000 mg three times
per day. This was based on a dose-escalation study that found the
supplement L-carnitine to be safe in doses up to 3,000 mg per day,
with improvements seen in measures of fatigue and depression and
no adverse effects observed.34 It was also based on the unblinded
phase II treatment trial that tested oral ALC (1,000 mg three time
per day) for 8 weeks in 25 patients with CIPN and found the total
neuropathy score improved in 23 patients (92%).13 However, there
was no placebo arm in this study. It is not known if differences
between the metabolites of L-carnitine and ALC may have different
neuroprotectant effects. One may also question the patient-
reported outcome measure we used. Cella et al15 documented the
validity of the FACT-NTX questionnaire in 230 patients with stage
IIIB to IV lung cancer receiving carboplatin and paclitaxel and in
patients with colon cancer treated with oxaliplatin in the NSABP
(National Surgical Adjuvant Breast and Bowel Project) C-07
trial.35 It is unclear whether other measures, like the EORTC (Eu-
ropean Organisation for Research and Treatment of Cancer)
CIPN-20,36 may have been more sensitive. Lastly, the negative
finding in the FACT-NTX scores at week 24 did not represent the
primary end point; rather, it was the main secondary end point,
and therefore, this may have been the result of chance. However, in
retrospect, the 24-week end point may have been a more appropri-
ate primary end point because a majority of patients had not
completed taxane treatment 12 weeks from registration.

In summary, we found no evidence that ALC had a positive
impact on the prevention of taxane-induced CIPN at 12 weeks.
Unexpectedly, we found ALC had actually increased CIPN at 24
weeks. To our knowledge, this is the first study to show a detrimen-
tal effect of a nutritional supplement on the development of
taxane-related CIPN. We do not know if similar results would be
seen with other neurotoxic drugs or in the setting of CIPN treat-
ment as opposed to prevention. Currently, there are no proven
therapies for the treatment or prevention of CIPN; however, deter-
mining factors that exacerbate CIPN may provide clues to its
mechanism and ways of preventing it. Patients should be discour-
aged from using ALC and other nutritional supplements that do
not have proven efficacy, given the potential for harm.

Table 4. No. of Patients With Given Type and Grade of Adverse Event�

Adverse Event

ALC (n � 202) Placebo (n � 194)

P†

Grade Grade

0 1 2 3 4 5 0 1 2 3 4 5

Insomnia 180 16 6 0 0 0 170 18 5 1 0 0 .76
Involuntary movement 194 7 1 0 0 0 191 3 0 0 0 0 .25
Nausea 181 16 5 0 0 0 172 16 6 0 0 0 .89
Vomiting 195 3 3 1 0 0 190 1 3 0 0 0 .59
Neurotoxicity

Motor neuropathy 193 3 4 2 0 0 184 5 5 0 0 0 .93
Sensory neuropathy 125 57 14 5 1 0 112 68 13 1 0 0 .46

Abbreviation: ALC, acetyl-L-carnitine.
�Investigators were instructed to document only these adverse events related to blinded protocol treatment (ALC or placebo) and neuropathy resulting from taxane

treatment. Other toxicities related to taxane regimen were not documented.
†Comparing grade � 1.
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Fig 2. Cumulative probability of neurotoxicity subscale for acetyl-L-carnitine
(ALC) and placebo at (A) 12 and (B) 24 weeks.
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Appendix

Methods for Carnitine Analysis

Plasma-free carnitine (C0 acylcarnitine) levels were measured using ultra performance liquid chromatography tandem mass
spectrometry (UPLC-MS/MS) at both baseline and week 12 using the Agilent 6430 MS/MS and 1290 UPLC (Agilent, Santa Clara, CA).
Plasma 50 �L was spiked with an internal standard mixture containing D9-carnitine. After precipitation of the proteins with acetonitrile/
methanol (2:1), the supernatant was evaporated to dryness and resuspended in 20% methanol. Carnitine was separated using a
water/methanol gradient (both containing 10 mmol/L heptaluorobutyric acid and 10 mmol/L ammonium acetate) with a Poroshell 120
EC-C18 2.7um 2.1 � 50 mm column (Agilent). Carnitine was quantified by positive electrospray ionization in the multiple-reaction
monitoring mode relative to an external standard curve.
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