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Background: Several studies indicated that plasma L-carnitine (LC) levels are significantly decreased 
during chemotherapy or chemoradiation and that LC supplementation can improve the fatigue score in 
some cancer patients. However, the LC levels in end-stage cancer patients treated only with palliative care 
remained unclear. The present study was performed to examine the plasma LC levels of terminally ill and 
hospitalized patients. 
Methods: Twenty-one terminally ill cancer patients in our hospital, with expected survival of several 
months, were enrolled in the present study. Blood samples were taken for measurement of total, free, and 
acyl-LC. These values were compared with those in 22 chemo-naive cancer patients scheduled to receive 
cisplatin-containing chemotherapy as first-line therapy. We examined the relationships with body mass index, 
albumin and CRP levels, the presence of general fatigue, and body weight loss.
Results: Median survival in terminally ill cancer patients after enrollment was 38.5 days. Plasma 
concentrations of total, free, and acyl-LC in terminally ill cancer patients were 59.5±16.0, 46.1±14.2, and 
13.4±5.9 μmol/L, respectively. These values were not significantly different from those in chemo-naive 
patients (58.3±18.1, 48.7±16.3, and 9.6±3.3 μmol/L, respectively). In addition, plasma LC levels in terminally 
ill patients showed no correlations with albumin or CRP values nor with other clinical parameters, such as 
fatigue or body weight loss. 
Conclusions: The present study suggested that plasma LC levels remain normal and its deficiency is not 
always common even in terminally ill and hospitalized palliative cancer patients. 
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Introduction

Cancer-related fatigue and/or cachexia are common 
problems in cancer patients. Although several factors 
contributing to cancer-related fatigue and cachexia have 
been proposed, decreases in food intake combined with 

decreases in physical exercise lead to declines in both 
muscle mass and power. Anorexia and nausea exacerbate 
the detrimental effects of tumor-related changes in protein 
metabolism and nutritional status, leading to deterioration 
of the quality of life (QOL) in cancer patients (1,2). These 
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metabolic disorders are associated with increases in local and 
systemic inflammatory mediators, such as proinflammatory 
cytokines. Thus, the pathogenesis of cancer-related fatigue 
and cachexia is multifactorial and complex (1,2).

L-carnitine (LC) is a natural endogenous cofactor for the 
translocation of long-chain fatty acids from the cytoplasmic 
compartment into the mitochondria, where beta-oxidation 
enzymes are located (3). LC deficiency has been found in 
certain cancer patients and is associated with fatigue (4-8). 
Thus, LC supplementation in cancer patients was suggested 
as a therapeutic option for cancer-related fatigue (9-11). 
However, LC supplementation did not improve fatigue in 
patients with invasive malignancies in a large, randomized, 
double blind clinical trial in non-selected cancer patients 
with good performance status (PS) (11). In contrast, 
recent studies performed in selected patients treated 
with chemotherapy or chemoradiotherapy indicated that 
supplementation with LC increased plasma LC levels and 
decreased weight loss, increased BMI, and improved both 
nutritional status and QOL in pancreatic cancer patients (12) 
or breast cancer (13) compared with placebo controls. Thus, 
a better understanding of LC in selected cancer patients 
may lead to increased treatment possibilities in patients with 
malignancies.

The few studies that have evaluated plasma LC status 
and the potential association with fatigue in terminally ill 
cancer patients have been reported, especially in Japanese 
patients. Therefore, in the present study, we focused on the 
plasma LC levels in terminally ill cancer patients treated 
with palliative care with expected survival of less than  
2 months. In addition, we examined the relationships with 
laboratory parameters, including albumin, C-reactive 
protein (CRP), etc.

Methods

Study protocol and subjects

The protocol for this prospective study was approved by 
the Institutional Ethical Committee of Shinshu University 
School of Medicine, Matsumoto, Japan (document number: 
2783) on July 8, 2014. The study population consisted of a 
series of consecutive cancer patients referred to the palliative 
care team of our hospital from April 2015 to March 2016. 
We evaluated palliative prognosis index (PPI) score (14) at 
the first meeting with the palliative care team, and patients 
with PPI >2.0 were enrolled in the present study. Patients 
under 20 years old were excluded from the present study. 

As a control group, advanced and metastatic chemo-naive 
cancer patients scheduled to receive cisplatin-containing 
chemotherapy as first-line therapy were selected to compare 
LC levels. Written informed consent was obtained from 
each patient enrolled in this study. Calculation of sample 
size was performed using G*power 3.1.0 software (15), 
assuming α error =0.05, power =80%, and estimated effect 
size =0.8. Twenty-one subjects were needed for each group.

Blood samples

We determined not only plasma LC levels but routine 
chemistry, including albumin, C-reactive protein (CRP), 
aspartate aminotransferase, alanine aminotransferase, 
creatinine, and total bilirubin. These blood data were 
examined in the morning between 07:00 and 09:00 after 
an overnight fast. Venous blood samples were taken and 
stored in tubes containing ethylenediaminetetraacetic acid 
(EDTA). In the control group, blood samples were obtained 
before cisplatin administration. LC levels in all specimens 
were evaluated by SRL Inc. (Tokyo, Japan). Total and free 
LC levels were measured by an enzyme cycling method 
using an autoanalyzer (JCA-BM8000 series; JEOL, Tokyo, 
Japan) and acyl-LC was calculated as the difference between 
total and free LC (16). 

Statistical analysis

The results are presented as means ± standard deviation. 
The two-tailed Mann-Whitney U-test was used at the 
P=0.05 level of significance. All statistical analyses were 
performed with GraphPad Prism version 6.0 (GraphPad 
Software, San Diego, CA, USA). The actual overall survival 
after enrollment was calculated using the Kaplan-Meier 
method and differences in the resulting distributions were 
compared by the log-rank test.

Results

Fifty-two patients were referred to the palliative care team, 
and the PPI scores of 27 patients were >2.0, two of whom 
were <20 years old. Therefore, 25 patients were initially 
included in the analysis, but four were excluded because of 
lack of survival data (Figure 1). Twenty-two chemo-naive 
cancer patients were evaluated as a control group. Baseline 
characteristics in terminally ill (end-stage) and control 
subjects are shown in Table 1. There were no significant 
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differences in terms of age, height, or weight between the 
two groups. Various malignant diseases were included in 
end-stage palliative patients. Diagnoses in control group 
were as follows: lung cancer, 6; esophageal cancer, 7; 
stomach cancer, 3; thymic cancer, 2; laryngopharyngeal 
cancer, 2; and sarcoma, 2. The detailed characteristics 
regarding PPI score, median survival time, and weight 
change for 3 months before obtaining blood samples in 
terminally ill patients are summarized in Table 2. The 
median PPI score was 5.5 (range, 2–13.5), median survival 
time was 38.5 days (range, 1–90 days), and mean weight 
change was –0.4±7.3 kg.

Comparisons of laboratory parameters between 
terminally ill and control patients are summarized in Table 3.  
In the terminally ill patients, mean albumin and CRP 
levels were 2.7±0.5 g/dL and 8.3±6.0 mg/mL, respectively, 
whereas corresponding values in the control group were 3.9± 
0.4 g/dL and 0.5±1.0 mg/dL, respectively. There are 
differences in albumin and CRP levels between the two 
groups were significant (P<0.001). There were no significant 
differences in other parameters, including hepatic and renal 
functions between the two groups.

The total, free, and acyl-LC levels in both groups are 
shown in Table 4; their plasma concentrations in terminally 
ill cancer patients were 59.5±16.0, 46.1±14.2, and 13.4± 
5.9 μmol/L, respectively. These values were not significantly 
different from those in the control group of chemo-
naive patients (58.3±18.1, 48.7±16.3, and 9.6±3.3 μmol/L, 
respectively).

We estimated the LC levels in terminally ill patients 

according to the clinical parameters. We analyzed the 
correlations between LC level and albumin or CRP levels 
in each subject. However, neither albumin nor CRP was 
correlated with LC level (data not shown). In addition,  
10 patients (47.6%) complained of severe fatigue and nine 
(42.9%) showed weight loss over –2 kg over the 2 months 

Figure 1 Flow diagram of participant in end-stage palliative 
patients.

Table 1 Main characteristics of subjects in the present study

Parameter
End-stage 

(n=21)
Control  
(n=22)

P value

Sex (M/F) 11/10 12/10

Age (years) 64±13 61±9 0.430

Height (cm) 160±11 163±9 0.367

Weight (kg) 57±12 57±14 0.858

Body mass index 
(BMI) (kg/m

2
)

22±5 22±4 0.54

Cancer form

Lung 1 6

Esophagus 7

Stomach 2 3

Thymus 2

Laryngopharynx 3 2

Sarcoma 1 2

Ovary/uterus 5

Breast 1

Pancreas 2

Prostate 1

Bladder 1

Melanoma 2

Multiple myeloma 1

Unknown primary 1

Total patients admitted  
(n=52)

≥2.0 of PPI score  
(n=27)

Under 20 years old  
(n=2)

Analyzed (n= 25) 
Excluded from analysis because 

of the lack of survival data  
(n=4)

2.0> of PPI score  
(n=25)

Table 2 Mean palliative prognostic index (PPI) score, median 
survival time and mean weight change in end-stage palliative 
patients

Items Data

Mean palliative prognostic index (PPI) score 5.5 (2–13.5)

Median survival time (days) 38.5 [1–90]

Mean weight change for 3 months (kg) –0.4±7.3

Values are medians and means ± SD.
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prior to the examination. LC levels were compared with 
and without symptoms. Furthermore, we compared the 
levels of LCs between subgroups divided according to 
PPI score above and below 6.0. No significant differences 
were detected between these two subgroups (Figure 2). 
Median survival time in patients with PPI score >6.0 was 
significantly lower than that in patients with PPI <6.0 (23.5 
vs. 55.5 days, respectively, P<0.001).

Discussion

We examined the plasma LC levels in terminally ill cancer 
patients with expected survival of several months treated 
with only palliative care in Japanese hospital. We found that 
plasma LC levels remained normal and were independent of 
the presence of general fatigue. In addition, the levels were 
not associated with plasma albumin and CRP levels in these 
patients.

Cachexia is a serious and common problem in cancer 
management, especially in terminally ill cancer patients 
(1,2). As the biological role of LC is related to energy 
metabolism, LC level was speculated to be involved in 
general deterioration in our subjects expected to survive 

for only a few months. However, the values of plasma 
total, free, and acyl-LC were almost normal and LC 
deficiency (total LC <35 μmol/mL) was only observed in 
5% of patients included in the present study. Vinci et al. (8) 
reported significantly lower serum LC levels in patients with 
tumor cachexia compared to normal controls. The value 
of total LC was 43.9 μmol/L, which was lower than that in 
the present study. Based on the randomized, double blind, 
placebo-control Phase III trial of LC supplementation 
performed by Cruciani et al. (9), LC deficiency was observed 
in 33% of the enrolled subjects before supplementation. 
Thus, although our study included various malignancies 
and a clinically heterogeneous population, the present 
study indicated that plasma LC status may be independent 
in terminally ill and hospitalized Japanese patients with 
expected survival within 2 months.

It was noteworthy that plasma LC level was independent 
of clinical factors, such as the presence of fatigue or weight 
loss. The results suggested that LC level is unrelated to 
these clinical parameters. In addition, plasma LC levels 
were also not associated with CRP or albumin levels. CRP 
and albumin levels have been used to assess the prognosis 
of several cancers as the Glasgow prognostic score (17). In 
addition, we analyzed LC levels according to subgroup, and 
found that LC level in patients with high CRP (>1.0 mg/mg)  
plus hypoalbuminemia (<3.5 mg/dL) was not lower 
compared with other groups in the present study (data not 
shown). Thus, our study indicated that plasma LC status 
was independent of serum CRP and albumin values in 
terminally ill cancer patients.

The present study had several limitations. First, patients 
in our study had many different types of malignancy. The 
main evaluation in the present study was to determine 
plasma LC status in terminally ill patients in Japan, but 

Table 4 Comparison of serum L-carnitine values in end-stage 
palliative and control patients

Parameter End-stage (n=21) Control (n=22)

Free L-carnitine (μmol/L) 46.1±14.2 48.7±16.3

Acyl-carnitine (μmol/L) 13.4±5.9 9.6±3.3

Total carnitine (μmol/L) 59.5±16.0 58.3±18.1

Acyl/free carnitine ratio 0.32±0.19 0.21±0.08

Values are means ± SD.

Table 3 Comparison of laboratory parameters in end-stage palliative and control patients

Parameter End-stage (n=21) Control (n=22) P value

Albumin (g/dL) 2.7±0.5 3.9±0.4 <0.001*

C-reactive protein (CRP) (mg/dL) 8.3±6.0 0.5±1.0 <0.001*

Aspartate aminotransferase (AST) (IU/L) 33.8±29.6 21.8±9.6 0.08

Alanine aminotransferase (ALT) (IU/L) 22.5±20.8 17.9±13.6 0.45

Creatinine (mg/dL) 0.77±0.27 0.76±0.23 0.86

Estimated glomerular filtration rate (eGFR) 77±29 78±25 0.97

Total bilirubin (mg/dL) 0.46±0.43 0.52±0.25 0.46

Values are means ± SD. *, P<0.05.
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the numbers of patients with each type of malignancy were 
too small to allow conclusions to be drawn with respect 
to potential differences in LC levels between the different 
malignancies. Second, we included clinically heterogeneous 
patients, e.g., with various levels of food intake, etc. In 
addition, the present study included various types of 
malignancy and heterogeneous patients, such as those with 
increases in body weight because of systemic edema or 
pleural and peritoneal effusion. In addition, most patients 
were treated with minimal fluid therapy in the present study 
because of their hospitalization.

In summary, we demonstrated that LC level in plasma 
remained normal even in terminally ill and hospitalized 
cancer patients in Japan. Our results suggested that LC 
deficiency is not always common even in terminally ill and 
hospitalized cancer patients and is independent of chemical 
and clinical parameters, such as albumin, CRP, fatigue, and 
weight loss.
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