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Background: An appropriate plasma concentration of fentanyl is the key to achieving good 

pain control in cancer patients. Cachexia, a multifactorial syndrome, is known to affect drug-

metabolizing enzymes. However, the fentanyl concentrations in the blood of patients with 

cachexia have not been analyzed. The aim of this study was to evaluate the influence of cancer 

cachexia on dose-adjusted plasma fentanyl concentrations in cancer patients.

Methods: Blood was collected from 21 Japanese cancer patients treated with a 24-hour trans-

dermal fentanyl patch during the steady state of fentanyl plasma concentration. Plasma fentanyl 

concentrations were analyzed using liquid chromatography with tandem mass spectrometry 

(LC-MS/MS), and the levels were adjusted with the dose of fentanyl. Laboratory data were col-

lected, and the cachexia stage was determined, based on study by Fearon et al. Multiple regression 

analysis was performed to identify the factors that affected fentanyl plasma concentrations.

Results: Eight patients were classified as precachexia, nine as cachexia, and four as refractory 

cachexia, and the median dose-adjusted fentanyl concentrations (ng/mL per mg/kg/day) were 

27.5, 34.4, and 44.5, respectively. The dose-adjusted fentanyl concentration in patients with 

refractory cachexia was higher than that in patients with precachexia (Kruskal–Wallis test and 

post hoc Mann–Whitney U-test, P0.01). The factors that were found to possibly affect the 

dose-adjusted concentration of fentanyl included aspartate aminotransferase, C-reactive protein, 

and estimated glomerular filtration rate, when analyzed as six independent variables (multiple 

regression analysis, P0.05).

Conclusion: The dose-adjusted plasma concentrations of fentanyl increased with progression 

of cancer cachexia. Such an increase is associated with a multifactorial and systemic syndrome 

in cancer cachexia patients, including lower albumin, higher C-reactive protein, and impaired 

kidney function. In patients with cancer cachexia, we suggest that evaluation of cancer cachexia 

might help pain management when using a transdermal fentanyl patch in palliative care.
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Background
Fentanyl, a potent opioid, is widely used for cancer pain in step 3 of the World Health 

Organization (WHO) pain ladder. Unfortunately, it is ineffective for some patients. 

Pain is prevalent in cancer patients and has been reported in approximately 60% of 

patients with either metastatic, advanced stage, or terminal stage disease and in 50% 

of cancer patients.1 Therefore, good pain control is very important for cancer patients, 

to maintain their quality of life. Individual differences have been reported in analgesic 

effects obtained by cancer patients administered fentanyl.2,3 Individual variations, in 

either metabolizing enzymes or skin absorption from the fentanyl transdermal patches, 

may affect blood fentanyl concentrations.4,5 However, information on individual 
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 differences in pain control achieved by fentanyl is limited. 

A more detailed investigation is needed in order to safely 

and effectively administer fentanyl.

Cachexia, which occurs in 50%–80% of all cancer patients, 

has been defined as a multifactorial syndrome that is character-

ized by progressive disorders of both metabolism and physio-

logical function.6,7 The pathophysiology is characterized by 

a negative protein and energy balance that is driven by both 

reduced food intake and abnormal metabolism.6–8 Cachexia 

is known to affect metabolizing enzymes, such as CYP3A4 

which converts fentanyl to norfentanyl.4,9 A previous report 

showed that cancer cachexia raises the plasma concentrations 

of oxycodone, a potent opioid that is metabolized, via CYP3A, 

as fentanyl.10 An understanding of the effect of cachexia on 

fentanyl plasma concentrations may be beneficial for pain 

management.

We analyzed fentanyl concentrations in patient plasma. 

Cancer cachexia was also examined as a factor that may 

influence plasma fentanyl concentrations.6 Cancer cachexia 

was classified into three stages, using the criteria by Fearon 

et al.6 The aim of this study was to evaluate the influence of 

cancer cachexia on dose-adjusted plasma fentanyl concentra-

tions in cancer patients.

Methods
ethics approval
This study was designed and implemented following the 

guidelines dictated in the Declaration of Helsinki. Ethics 

approval was obtained from the Okayama University 

Hospital Ethics Committee. Patients in this study remained 

anonymous and could not be identified. Informed consent 

was obtained from patients registered in the study.

Patients and plasma samples
A total of 21 subjects participated in this study between 

January 2012 and August 2013. Pain control was managed 

by a palliative care team at Okayama University Hospital. 

Patient information, including sex, age, height, weight, cancer 

type, cancer stage, and daily dose of the transdermal fentanyl 

patch, was obtained from medical records. Exclusion criteria 

included use of drugs as supportive therapy, that might affect 

the metabolism of CYP3A4 (eg, erythromycin, diltiazem, 

itraconazole, and cimetidine), and antipsychotic drugs.

The patients were treated daily with a new 24-hour, 

transdermal fentanyl patch (Fentos® tape; Hisamitsu Phar-

maceutical Co., Saga, Japan, and Kyowa Hakko Kirin Co., 

Ltd., Tokyo, Japan) to reduce cancer pain. Patients without 

a change in baseline dose for 3 days were judged to have 

completed the titration. Blood sampling was performed on 

days 4, 6, 8, 10, and 14. Blood samples were collected from 

the patients just before applying a fresh patch. Whole blood 

was collected in a tube containing heparin, and plasma was 

separated by centrifugation (3,000 rpm, 15 minutes) and 

then stored at -30°C.

evaluation of cancer cachexia 
and laboratory data
Cancer cachexia was classified as precachexia, cachexia, 

and refractory cachexia, using diagnostic criteria described 

by Fearon et al.6

Laboratory data were collected to identify the factors 

that affect fentanyl plasma concentrations. Aspartate amin-

otransferase (AST) and alanine aminotransferase (ALT) were 

analyzed to determine liver function. Serum creatinine (S-Cr) 

and the estimated glomerular filtration rate (eGFR) were 

analyzed to determine kidney function. In addition, albumin 

(ALB) and C-reactive protein (CRP) were assessed. Fentanyl 

concentrations were determined using liquid chromatography 

(LC) with tandem mass spectrometry (MS/MS) (LC-MS/

MS). Dose-adjusted plasma concentrations of fentanyl were 

calculated using the following equation:

 
Dose-adjusted plasma

 concentration of fentanyl

(ng/mL per mgg/kg/day)

Plasma concentration of 

fentanyl (ng/mL)

Dose (m
=

gg/kg/day)
 (1)

Fentanyl assay
Fentanyl concentrations were determined using LC-MS/MS. 

Haloperidol was used as an internal standard. The LC-20AD 

(Shimadzu Corp, Kyoto, Japan) high-performance LC system 

and the API 4000TM (AB SCIEX, Framingham, MA, USA) 

MS/MS system were used. A Capcell Pak C18 AQ type 

(2.0×150 mm, 5 µm; Shiseido, Tokyo, Japan) column was used 

for the analytical column, and the temperature was set to 40°C. 

Data were acquired and processed using Analyst® version 

1.4.2 (AB SCIEX) software. Assay accuracies at 0.05, 0.5, 

1.0, and 10.0 ng/mL were 95.2%, 99.2%, 115.4%, and 98.5% 

(intra-assay) and 94.0%, 99.6%, 111.7%, and 98.9% (interas-

say), respectively. Assay precisions at 0.05, 0.5, 1.0, and 10.0 

ng/mL were 8.85%, 4.37%, 4.11%, and 2.64% (intra-assay) and 

8.29%, 4.01%, 5.64%, and 3.72% (interassay), respectively. 

All of these results were within the acceptable range of the  US 

Food and Drug Administration (FDA) guidance.11
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evaluation of pain intensity and adverse 
events
An evaluation of the pain intensity was performed, using a 

visual analog scale (VAS) (0–100 mm), just before applying 

a fresh patch. The history of adverse events, which included 

malaise, somnolence, and constipation, was obtained from 

the medical records. The severity of adverse events was 

assessed according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events (NCI-CTCAE) 

version 4.0.12

statistical analysis
All statistical analyses were performed using SPSS (SPSS® 

Statistics 22.0; IBM Japan, Tokyo, Japan). The Kruskal–Wallis 

test and the post hoc Mann–Whitney U-test with a Bonferroni 

correction were used to compare the dose-adjusted concentra-

tion of fentanyl with the severity of cachexia and to compare 

each laboratory finding with the stage of cancer cachexia. 

Multiple regression analysis was performed to identify the fac-

tors affecting the dose-adjusted concentration of fentanyl. The 

dose-adjusted plasma concentration of fentanyl was defined 

as the dependent variable, and AST, ALT, S-Cr, eGFR, ALB, 

and CRP were defined as the independent variables. The β 

values indicated dependent variables (variations in dose-

adjusted plasma fentanyl concentrations) for certain amounts 

of changes in each of the six independent variables. Data were 

expressed as the median and interquartile range unless other-

wise stated. P-values below 0.05 indicated significance.

Results
Patient demographics and characteristics
Patient information obtained from the medical records is 

shown in Table 1. Fifteen types of cancers were identified 

in 21 patients. The mean VAS score of the patients in this 

study was 25 (range 10–35) (Table 2). The VAS scores of 

all patients during the study period were stable. Adverse 

events were observed in six patients. Malaise and somnolence 

were observed in three and in four patients, respectively 

(Table 2).

Influence of cancer cachexia on dose-adjusted 
fentanyl concentrations
The dose-adjusted concentration of fentanyl (ng/mL per mg/

kg/day) (interquartile range) was 27.5 (15.6 -43.7) in patients 

with precachexia, 34.4 (19.7 -50.7) in those with cachexia, 

and 44.5 (27.3 -62.8) in those with refractory cachexia 

(Figure 1). Based on the results of the Kruskal–Wallis test 

and post hoc Mann–Whitney U-test, with a Bonferroni 

correction to compare the median dose-adjusted fentanyl 

concentrations with stages of cachexia, the dose-adjusted 

fentanyl concentration was significantly higher in patients 

with refractory cachexia than that in patients with precachexia 

(Figure 1) (P0.005).

Patient characteristics based on stages of cancer 
cachexia
Body weight was significantly lower in patients with either 

cachexia or refractory cachexia than in patients with pre-

cachexia, and body mass index (BMI) decreased with the 

progression of cachexia (Table 3). ALB was significantly 

lower in patients with either cachexia or refractory cachexia 

than in patients with precachexia, and CRP was significantly 

higher in patients with either cachexia or refractory cachexia 

than in patients with precachexia. In cachexia patients, varia-

tions in both AST and ALT were within the normal range. 

On the other hand, although variations in S-Cr were within 

the normal range, eGFR in patients with cachexia and refrac-

tory cachexia was significantly lower.

Relationship between the concentration 
of fentanyl and laboratory data
Multiple regression analysis, using SPSS, was performed to 

identify the factors affecting the dose-adjusted concentra-

tion of fentanyl. The results obtained are shown in Table 4. 

Three factors – AST, CRP, and eGFR – were found that 

might affect the dose-adjusted concentration of fentanyl 

(P0.05). On the other hand, there was no significant effect 

of ALB, ALT, or S-Cr on the dose-adjusted concentration 

Table 1 Patient demographics

All patients (n=21)

age in years 55.3±11.0 
height (cm) 159.1±10.0
Weight (kg) 55.4±15.1
sex: female/male 14/7
Cancer type 

Cervical 3
Rectal 2
endometrial 2
Ovarian 2
adenocarcinoma of lung 2
Renal 2
Other 8

Cancer stage: i/ii/iii/iV 1/2/5/13

Note: age in years, height, and Weight are expressed as mean ± sD. sex, Cancer 
type, and Cancer stage are expressed as number of patients.
Abbreviation: sD, standard deviation.
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Table 2 Characteristics of fentanyl treatment

Patient 
number

Stage of cancer 
cachexia

Dose of fentanyl
(mg/kg/day)

Dose-adjusted plasma concentration 
of fentanyl (ng/mL per mg/kg/day)

VAS score 
(mm)

Adverse events

1 PC 0.097 29.9 25
2 PC 0.043 15.2 26
3 PC 0.091 15.6 30
4 PC 0.049 19.8 10
5 PC 0.018 31.4 22 Constipation
6 PC 0.080 45.9 27
7 PC 0.058 30.1 16
8 C 0.215 27.5 19
9 C 0.010 43.7 20
10 C 0.020 15.5 25
11 C 0.037 50.1 19
12 C 0.168 57.3 20 Constipation
13 C 0.056 37.2 26
14 C 0.074 16.7 28
15 C 0.230 54.8 33 Malaise
16 C 0.117 32.1 22
17 C 0.045 36.3 26
18 RC 0.282 52.1 30 somnolence, malaise
19 RC 0.199 18.5 29
20 RC 0.045 44.6 35 somnolence, malaise
21 RC 0.021 55.0 32 somnolence, malaise

Note: Vas scores represent the mean value.
Abbreviations: C, cachexia; PC, precachexia; RC, refractory cachexia; Vas, visual analog scale.

of fentanyl. Positive β indicated that the factor influenced 

the dependent variable (variations in dose-adjusted fentanyl 

concentrations) in a positive direction. Accordingly, the  

β was positive for AST, and an increase in the AST value 

may elevate the dose-adjusted concentration of fentanyl 

(β=0.198, P=0.010). Similarly, the β was positive for CRP, 

and the adjusted concentration of fentanyl may increase as 

CRP increases (β=0.216, P=0.003). On the other hand, the β 

was negative for eGFR, and the dose-adjusted concentration 

of fentanyl may increase as the eGFR decreases (β=-0.571, 

P0.001).

Discussion
Our study showed that the dose-adjusted concentration of 

fentanyl was increased in patients with either cachexia or 

refractory cachexia. We demonstrated that such an increase 

was associated with a multifactorial and systemic syndrome 

in cancer cachexia patients, including lower ALB, higher 

CRP, and impaired kidney function. We presume that 

metabolic abnormalities in cachexia, such as inhibition of 

CYP3A4 and decline of renal function, might cause higher 

plasma concentrations of fentanyl. Therefore, evaluation of 

cancer cachexia might help pain management when using 

the transdermal fentanyl patch in palliative care.

Cancer cachexia is characterized by the ongoing loss 

of skeletal muscle mass, with or without the loss of fat 

mass; lack of a full response to conventional nutritional 

support; and progressive metabolic and physiological 

functional impairments.6,7 The pathophysiology of cachexia 

is characterized by a negative protein and energy balance 

Figure 1 The relationship between stage of cancer cachexia and the dose-adjusted 
plasma concentration of fentanyl.
Notes: statistical analysis was performed using the Kruskal–Wallis test and the 
post hoc Mann–Whitney U-test, with a Bonferroni correction. The P-values were 
from the Mann–Whitney U-test. Box plots represent the median, 25th, and 75th 
percentiles. The range within 1.5 times the length of the interquartile is shown. 
Outliers (values that were between 1.5 and 3 times the interquartile range) are 
represented by an open circle.
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Table 3 Patient characteristics relative to stage of cancer cachexia

Characteristics All patients (n=21) Stage of cancer cachexia 

Precachexia (n=8) Cachexia (n=9) Refractory cachexia (n=4)

sex: female/male 14/7 5/3 7/2 2/2
age (years) 56 (49–63) 50 (48–52) 62 (57–67)* 57 (49–71)
height (cm) 156 (152–165) 162 (155–169) 154 (149–161) 158 (152–171)
Weight (kg) 54.3 (44.5–65.0) 69.8 (61.0–73.9) 52.0 (43.5–54.3)** 48.3 (38.2–63.9)**
BMi (kg/m2) 20.0 (18.6–22.5) 23.1 (22.8–32.4) 19.0 (18.3–19.8)** 19.8 (18.0–20.9)**
Dose (mg/kg/day) 0.097 (0.049–0.207) 0.080 (0.049–0.105) 0.099 (0.056–0.282)** 0.156 (0.044–0.219)
Fentanyl plasma concentration (ng/ml)# 3.20 (1.40–5.69) 1.95 (1.00–3.26) 3.90 (1.62–9.33)** 3.73 (2.20–7.56)**
alB (g/l) 32.0 (25.0–37.0) 36.0 (31.0–39.0) 32.0 (21.0–37.0)** 25.0 (23.0–29.0)**
asT (iU/l) 22.0 (16.0–36.5) 37.0 (19.0–48.0) 20.0 (17.0–26.0)** 20.0 (12.0–33.8)**
alT (iU/l) 16.0 (10.0–23.0) 19.0 (12.0–33.0) 14.0 (10.0–19.0)** 11.5 (6.8–22.5)**
s-Cr (mg/dl) 0.62 (0.50–0.87) 0.59 (0.44–0.66) 0.60 (0.50–1.03) 0.74 (0.64–1.06)**
egFR (ml/min) 89.3 (60.2–122.4) 113.8 (87.7–143.4) 77.8 (53.9–121.6)** 66.8 (42.9–101.2)**
CRP (mg/l) 24.0 (6.7–61.5) 6.6 (3.5–32.0) 17.5 (7.8–51.2)* 70.0 (39.2–103.0)**

Notes: Data are expressed as the median (interquartile range). *P0.05, **P0.01, significantly different from patients classified with precachexia. #Measured value of 
fentanyl plasma concentration.
Abbreviations: alB, albumin; alT, alanine aminotransferase; asT, aspartate aminotransferase; BMi, body mass index; CRP, C-reactive protein; egFR, estimated glomerular 
filtration rate; S-Cr, serum creatinine.

driven by the variable combination of reduced food intake 

and abnormal metabolism.6,7 Cachexia is known to affect 

metabolizing enzymes, such as CYP3A4, which converts 

fentanyl to norfentanyl.4,9

In this study, dose-adjusted plasma concentrations of 

fentanyl increased with the progression of cancer cachexia. 

Although the influence of cancer cachexia on the plasma 

concentrations of fentanyl has been previously reported, 

the previously published results differ from our findings. 

The previous study reported that the plasma concentrations 

of fentanyl were lower in cachectic patients because absorp-

tion from the transdermal fentanyl patch was impaired in 

cachectic patients.13 We collected blood samples during the 

steady state of fentanyl plasma concentration, while blood 

sampling in the previous study was performed for 3 days 

after application of the first patch, before steady state was 

achieved. In addition, we used a 24-hour transdermal fentanyl 

patch, while the previous study used a 72-hour transdermal 

fentanyl patch. We believe that these differences in method-

ology explain the difference between our findings and those 

of the previous report.

Our results, obtained by multiple regression analysis, 

indicated that a reduction in the eGFR may increase fentanyl 

plasma concentrations. Approximately 90% of fentanyl is 

converted to norfentanyl in the liver by CYP3A4, and the 

other 10% is excreted unchanged by the kidney.4 Norfen-

tanyl, the main metabolite of fentanyl, is inactive and has 

few effects as a stored metabolite; therefore, fentanyl can 

generally be administered to patients with kidney failure. 

However it was reported that clearance of fentanyl in 

patients with kidney failure was lower than that in patients 

without kidney failure.14 Although fentanyl is recommended 

for severe pain for patients with chronic kidney disease, 

reduction in dose and frequency may be advisable for these 

patients.15 Our results also suggested that the eGFR should 

be evaluated when administering fentanyl to kidney failure 

patients. Therefore, we suggest that a lower kidney function 

in patients with cancer cachexia might result in an increase 

in the plasma concentration of fentanyl.

Our results also indicated that an increase in both CRP 

and AST may elevate the plasma concentration of fentanyl. 

Cachexia is known to influence drug metabolism, which may 

affect fentanyl levels.9 Mantovani et al previously reported that 

the inflammatory cytokines, which induce the production of 

acute-phase proteins, including CRP, and inhibit the synthesis 

of ALB in the liver, were elevated with the progression of 

Table 4 Predictive factors for the dose-adjusted plasma 
concentration of fentanyl

Factors B Std error β t(p)

Constant 1.682 0.147 11.41 (0.001)
egFR -0.010 0.001 -0.571 -7.430 (0.001)
CRP 0.004 0.001 0.216 3.068 (0.003)
asT 0.008 0.003 0.198 2.615 (0.010)
alB -0.077 -0.793 (0.429)
alT -0.140 -1.850 (0.067)
s-Cr -0.148 -1.527 (0.129)

Notes: The F score of this model was significant (F=25.17, P0.001), with adjusted 
R2=0.348. B signifies unstandardized coefficients; β signifies standardized coefficients.
Abbreviations: alB, albumin; alT, alanine aminotransferase; asT, aspartate 
aminotransferase; CRP, C-reactive protein; eGFR, estimated glomerular filtration 
rate; s-Cr, serum creatinine; std error, standard error.
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cachexia.16 High CRP and low ALB may be caused by the 

increased release of inflammatory cytokines in cancer cachexia 

patients. It was reported that inflammatory cytokines caused 

a reduction in the levels of CYP3A4 messenger (m)RNA 

and downregulated the expression of CYP3A4.17,18 Naito et 

al reported that cachexia raised the plasma concentrations of 

oxycodone, a potent opioid that is metabolized, via CYP3A4, 

as fentanyl.10 They explained that the plasma concentrations 

of oxycodone in cachexia patients might be increased by a 

reduction in CYP3A activity. We suggest that the systemic 

inflammation occurring with the progression of cachexia 

might decrease the metabolism of fentanyl by CYP3A4 in the 

liver and thereby increase the concentration of fentanyl in the 

blood. Although inflammatory cytokines may influence liver 

function, the relationship between inflammation and AST has 

yet to be elucidated in detail.

Although our sample size was limited, we demonstrated 

that the higher plasma concentration of fentanyl in patients 

with either cachexia or refractory cachexia was associated 

with a multifactorial and systemic syndrome, including lower 

ALB, higher CRP, and impaired kidney function. Therefore, 

the severity of cachexia should be considered when determin-

ing the dose of fentanyl, in order to prevent adverse events 

caused by too high plasma concentrations of fentanyl. The 

influence of cancer cachexia on the plasma concentrations 

of fentanyl should be evaluated in larger trials.

The important point in transdermal fentanyl therapy is 

that there is significant interpatient variability in plasma drug 

concentration. One of our patients with refractory cachexia 

received a fentanyl patch at a dose of 18 mg/day and suf-

fered somnolence (grade 3). The patient’s plasma fentanyl 

concentration was 14.7 ng/mL. The dose of fentanyl was then 

reduced to 10 mg/day, and the plasma concentration of fen-

tanyl decreased to 5.8 ng/mL, resulting in good pain control 

without somnolence. An optimal therapeutic concentration 

of fentanyl has not yet been established. The interview form 

for the transdermal fentanyl patch provided by the company 

contained the following information:19 Although the effec-

tive plasma concentration of fentanyl in patients with no 

opioid resistance is generally 0.2–1.2 ng/mL, when either 

pain increases or pain tolerance occurs, the effective plasma 

concentration also increases. In the present case, reduction in 

the dose of fentanyl was needed due to severe somnolence, 

but the plasma concentration of fentanyl in this case was 

higher than that range. This case indicates that evaluation of 

cachexia could lead to good pain control using the fentanyl 

patch, in hard-to-manage patients.

Conclusion
The dose-adjusted plasma concentrations of fentanyl increased 

with progression of cancer cachexia. Such an increase is asso-

ciated with a multifactorial and systemic syndrome in cancer 

cachexia patients, including lower ALB, higher CRP, and 

impaired kidney function. In patients with cachexia, we sug-

gest that evaluation of cachexia might help pain management 

using a transdermal fentanyl patch in palliative care.
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