
INTRODUCTION
　The opioid dose required for effective pain management 
varies from person to person, even among individuals 
whose pain originates from similar afflictions1). There-
fore, some patients require high doses of opioids for pain 
relief and are at higher risk for developing negative side 
effects including death2, 3). Furthermore, high dose opioid 
administration causes analgesic tolerance4, 5) and opioid-
induced hyperalgesia6). For example, individuals who 
undergo surgery and are administered high-doses of 
opioids tend to have higher rates of post-operative opioid 
use5, 7). Preclinical studies confirm that fentanyl produces 
analgesic tolerance in rodents in a dose-dependent man-
ner8). On the other hand, it is known that methadone is 
an effective analgesic for patients who have difficulty 
with pain management and are resistant to morphine, 
oxycodone, or fentanyl9-11). Opioid-resistant individuals 

are difficult to identify without first exposing them to 
treatment and can result in unwanted and adverse side 
effects. To date, few studies have been done to better 
understand the many factors that affect individual 
differences in opioid sensitivity. Therefore, the present 
study was performed to ask whether different opioid 
regimens for pain management and laboratory test values 
would be associated with eventual increase in daily 
opioid doses. 

MATERIALS AND METHODS
1.　Patient characteristics and design
　This was a cohort study that retrospectively investi-
gated the opioid choice (dose per day and length of use) 
for patients on an opioid regimen for 4 years between 
April 1, 2014 to March 31, 2018. Inclusion criteria for 
patient participation were as follows: A starting opioid 
dose of less than 30 mg/day (morphine conversion), 
opioid treatment periods of 7 days or more, and fully 
available laboratory test values including gamma-
glutamyl transpeptidase (γ-GTP) and alkaline phos-
phatase (ALP). Of 406 patients, 151 were excluded from 
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the study due to the following reasons: 19 individuals 
received an initial opioid dose ≥ 30 mg/day (morphine 
conversion), 73 individuals received opioids for less than 
7 days, and 59 individuals lacked data on γ-GTP and 
ALP. The remaining 255 patients were included in the 
present study. The most common cancer types in our 
total sample were hematopoietic cancer, rectal/colon 
cancer, pancreatic cancer, and stomach cancer. Other 
carcinomas included ovary, thyroid, and unknown 
cancer. Nine non-cancer patients (including those with 
gonarthrosis and disc herniation) were also included. 
The route of administration of the different opioids 
varied such that fentanyl was administered transder-
mally while oxycodone and morphine were given orally. 
The conversion dose was calculated with the equivalent 
of 0.3 mg/day (12.5 μg/h) of transdermal fentanyl, 20 
mg/day of oxycodone, and 30 mg/day of morphine. In this 
study, patients requiring 120 mg/day or more of morphine 
equivalent were defined as the high-dose group12). For 
the total opioid dose, the total dose administered up to 
the day on which 120 mg of morphine-equivalent opioid 
was administered per day, and the total dose during the 
observation period were examined. The numerical rating 
scale (NRS) evaluated by nurses was investigated for the 
maximum value within 2 weeks after the start of admin-
istration of the maximum opioid dose and the maximum 
value staying in	hospital. Nonsteroidal anti-inflammatory 
drugs and pregabalin use within 30 days of opioid ad-
ministration (maximum dose) were monitored. Patients 
were also monitored for alendronate administration 30 
days before and after maximum dose of opioid adminis-
tration. Patients were also screened for bone metastasis 
as comorbidity. Laboratory evaluations for all patients 
included analysis of albumin (Alb), C-reactive protein 
(CRP), aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), γ-GTP, total bilirubin (T-Bil), ALP, 
creatinine kinase (CK), serum creatinine (Cr), and lactate 
dehydrogenase (LDH). The average value taken within 2 
weeks of maximum dose of opioid administration was 
used as a correlate. The values obtained at this time 
point were used to calculate the ratio of CRP to Alb and 
used as an indicator of general nutritional status. The 
albumin bilirubin (ALBI) value was used to evaluate 
liver dysfunction. ALBI score was calculated by the 
following formula13): ALBI score = (log10 bilirubin × 0.66) 
+ (albumin × 0.085), where bilirubin is in µmol/L and 
albumin in g/L. Patient characteristics are summarized 
in Table 1. This research was approved by the Ethics 
Committee of Seichokai Fuchu Hospital (Approval 
No.2018008).
2.　Statistical analysis
　Spearman＇s rank correlation coefficient was used to 
study correlations of continuous variables that do not 
show a normal distribution. The Kruskal-Wallis test and 
Steel-Dwass method were used to compare three or more 
continuous variables not showing normality. Using the 
receiver operating characteristic curve (ROC) and varia-
ble of a high daily dose of opioid (> 120 mg), we selected 

optimal cut-off values for opioid dose, age, γ-GTP and 
ALP that provided the closest ＂perfect classification＂ 
point, and then divided our patients into two groups. In 
the univariate analysis, comparisons of categorical vari-
ables were performed using the Cox proportional hazards 
regression model. A multivariate Cox proportional 
hazards regression analysis was performed on factors 
considered to be important in the univariate analysis 
that is, variables with a p value < 0.05 in the log-rank 
test. Collinearity was examined with a variance inflation 
factor (VIF). The variable we used for all multivariate 
analysis was VIF < 5. The results obtained were described 
as hazard ratios (HRs) and 95% confidence intervals 
(CIs). A p value < 0.05 was defined as being statistically 
significant. All statistical analyses were performed with 
EZR (Saitama Medical Center, Jichi Medical University, 

Table 1　Characteristics	of	the	patients
No	of	patients
n	=	255 %

Age
　Age	<	72a 122 48
　Age	≥	72a 133 52
Sex
　Female 107 42
　Male 148 58
Disease
　Hematologic	malignancy 	 59 23
　Rectum	/	colon 	 44 17
　Pancreas 	 28 11
　Stomach 	 27 11
　Pulmonology 	 25 10
　Liver 	 14 	 5
　Esophagus 	 11 	 4
　Urinary	tract 	 11 	 4
　Biliary	tract 	 	 7 	 3
　Breast 	 	 7 	 3
　Prostate 	 	 6 	 2
　Others 	 	 7 	 3
　No	cancer 	 	 9 	 4
Starting	dose	opioid
　Fentanyl 	 46 18
　Morphine 	 20 	 8
　Oxycodone 189 74
Maximum	dose	opioid
　Fentanyl 128 50
　Morphine 	 16 	 6
　Oxycodone 111 44
Pain	control
　after	the	start	of	maximum	opioid	dose
　　NRS	<	8a 	 59 49
　　NRS	≥	8a 	 62 51
　in	admission
　　NRS	<	7a 	 65 46
　　NRS	≥	7a 	 76 54
Related	factors
　NSAIDs 151 59
　Pregabalin 	 29 11
　Alendronate 	 20 	 8
　Bone	metastasis 	 44 17
　Liver	metastasis 	 56 22
a	Median.
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Saitama, Japan)14), which is a graphical user interface 
for R (The R Foundation for Statistical Computing, 
Vienna, Austria version 3.5.2). More precisely, it is a 
modified version of R commander (version 2.5-1) designed 
to easily execute statistical functions frequently used in 
biostatistics.

RESULTS
1.　Drug use distribution among cancer types
　The most commonly administered opioid was the 
transdermal fentanyl, followed by sustained-release oxy-
codone and then sustained-release morphine. Figure 1 
shows a comparison of opioid doses for each cancer type 
and no significant differences were found across these 
conditions. Figure 2 shows a comparison of opioid doses 
by type. There were no differences in opioid dose per day 
for the opioid type selected at the initiation of treatment. 
However, the type of opioids at maximal doses had 
significant effect on eventual daily opioid doses; i.e. 
patients who received transdermal fentanyl at maximal 
doses ultimately required significantly higher opioid 
doses than ones receiving morphine and oxycodone at 
maximal doses. Further, the cumulative doses of trans-
dermal fentanyl ≥ 1,440 mg, but not those of oxycodone 
≥ 720 mg, were significantly associated with rapid in-
crease in daily opioid doses (Fig. 3). 
2.　 Correlation between laboratory data and opi-

oid dose
　Table 2 shows the correlation between daily escalation 
maximum dose of opioid and laboratory data (including 
CRP/Alb ratio and ALBI score). γ-GTP, ALP, and age 
were significantly associated with escalation of opioid 
use. However, CRP/Alb ratio and ALBI score did not 
correlate with opioid use. 

3.　 Factors associated with high dose opioid ad-
ministration

　Table 3 shows the association of high dose opioids for 
age, sex, γ-GTP, ALP, NRS, pregabalin or NSAIDs use, 
bone metastasis, liver metastasis and total opioid dose. 
The optimal cut-off value was calculated by ROC analy-
sis. Univariable Cox regression on the patient character-
istics showed that γ-GTP ≥ 63 IU/L, ALP ≥ 341 IU/mL, 
and total fentanyl ≥ 1,440 mg were significantly associ-
ated with high dose opioid use. However, NSAIDs, pre-
gabalin and alendronate use, liver metastases, bone 
metastases and NRS were not associated with the time-
dependent increase in opioids. In addition, no patient 
was treated with nerve block. Figure 3 shows the time 
course of the rate of high dose administration after the 
start of opioid administration. The total opioid dose in 
(C) and (D) indicates the total dose administered up to 
the day on which 120 mg morphine equivalent opioid 
was administered per day. The total opioid dose in (E) 
and (F) indicates the total dose during the observation 
period. γ-GTP ≥ 63 IU/L (HRs: 2.8, 95% CIs: 1.61-4.87, 
p < 0.001) was associated with patients requiring high 
doses of opioids. And it was suggested that oral oxycodone 
and transdermal fentanyl have different dose-dependent 
increase rates of opioids (HRs: 3.68, 95% CIs: 1.96-6.93, 
p < 0.001). By multivariate Cox proportional hazard re-
gression analysis, γ-GTP ≥ 63 IU/L (adjusted HRs: 1.99; 
95% CIs: 1.12-3.54; p = 0.018) was significantly indepen-
dent factors requiring high doses of opioids (Table 3) and 
it was suggested that oral oxycodone and transdermal 
fentanyl have different dose-dependent increase rates of 
opioids (adjusted HRs: 2.94; 95% CIs: 1.51-5.71; p = 
0.001). We did not select ALP as a factor for multivariate 
analysis because of the high correlation between γ-GTP 
and ALP.

DISCUSSION
　This study was a retrospective cohort study using a 
single-site patient database, investigating the maximum 
dose, days of administration, and patient characteristics 

Fig. 1　Comparison of opioid dosage for various cancer types. 
Data show the mean with S.E.M. 

Fig. 2　Comparison of maximal opioid doses in patients re-
ceiving fentanyl, morphine, and oxycodone. (A) Opioid type 
selected at the start. (B) Type of opioid selected at maximum 
dose. Data show the mean with S.E.M. ＊＊＊p < 0.001, ＊＊p < 
0.01 versus Fentanyl group. (Steel-Dwass test).
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after starting opioid administration. Patients with high 
γ-GTP and higher total fentanyl exposure were associ-
ated with continued high opioid doses. 
　Previous studies have reported that individuals with 
breast cancer, albumin levels, ALT, and especially men 
and the elderly, are at high risk for necessitating higher 
doses of transdermal fentanyl when switching from 
oxycodone15). However, studies investigating escalation 
history and specific patient characteristics, specifically 

among those with cancer, are still lacking. Although the 
absorption rate of transdermal fentanyl may vary de-
pending on the type of cancer16), our study revealed no 
effect of cancer type warranting different opioid dosing. 
However, this study also used opioids other than fentanyl 
and there was no effect of cancer type among the other 
opioids investigated. Plasma concentration of fentanyl 
after transdermal administration varies greatly among 
individuals and is also affected by individual character-

Fig. 3　Kaplan-Meier curves for the probability of using high doses of opioids in association with various cut-off values 
calculated by receiver operating characteristic (ROC) analysis for patients after the onset of opioid treatment. (A) γ-GTP 
(GTP); (B) ALP; (C) Total oxycodone dose (Oxy) until 120 mg/day is administered; (D) Total fentanyl dose (Fen) until 120 
mg/day is administered; (E) Total oxycodone dose (T-oxy); (F) Total fentanyl dose (T-fen).
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istics such as smoking17). Some studies suggest that the 
unstable pharmacokinetics of transdermal fentanyl lead 
to inadequate pain management and an escalation in 
use18). On the other hand, switching from transdermal 
fentanyl to oral oxycodone may improve pain manage-
ment18). The analgesic effect of opioids is reduced by 
neuropathic pain19, 20). However, the necessary opioid 
dose for pain alleviation was not affected by pregabalin 
administration.
　Animal experiments suggest that liver injury can 
cause hyperalgesia21). Cholestasis causes itching due to 
an increase in endogenous opioid peptides22). Endogenous 
opioids may be associated with analgesic tolerance23). 
Therefore, patients with high γ-GTP are more likely to 

develop analgesic tolerance and may be associated with 
higher opioid doses. The pharmacokinetics of fentanyl in 
patients with cirrhosis are not different from normal 
patients24). Furthermore, there was no correlation be-
tween the ALBI score, an indicator of liver function, and 
opioid dose, suggesting that elevated γ-GTP may affect 
opioid dose independently of changes in liver function. In 
addition, the large number of patients who used fentanyl 
in the high-dose opioid group in this study (43 patients: 
81%) also suggests that ALBI and opioid dose were not 
correlated. The patient＇s liver metastasis did not affect 
the opioid dose. γ-GTP and ALP are highly specific for 
diseases related to biliary epithelial disorders such as 
primary biliary cholangitis and intrahepatic cholangio-
carcinoma25). Therefore, this study suggested a relation-
ship between bile duct epithelial disorder and opioid 
dose. In addition, the median ALP (Median [Range], non-
bone metastasis; bone metastasis, 310 [104, 4,830]; 345 
[142, 1,300]; p = 0.38) was less associated with bone 
metastasis in this study. The nutritional index CRP/Alb 
ratio was not correlated with the opioid dose, and the 
patient＇s nutritional status did not affect the opioid dose. 
The limitation of this study was a single-center, retro-
spective study with a small number of cases and in par-
ticular, few patients were treated with morphine. Addi-
tionally, some patients had no recorded NRS. The 
examination frequency of patients was not constant. The 
opioid choice might not necessarily be influenced by 
physicians＇ preference or patient convenience. Opioids 
prescribed outside the hospital were not investigated. 
The number of cases varied depending on the type of 
cancer. Evaluation of bone metastases was not performed 
in some patients.

Table 3　Factors	characteristic	of	patients	with	opioid	doses	of	120	mg	/	day	or	more
Dose	≥	120	mg/day

n	=	255
Factor

Yes
n/ntotal

Univariate	analysis Multivariate	analysis
% Hazard	ratio（95%	CI） p Hazard	ratio（95%	CI） p

Age	<	73a 20/53 38 0.86（0.49-1.5） 0.59
Male 33/53 62 1.65（0.94-2.87） 0.08
γ-GTP	≥	63b	IU/L 31/53 58 2.80（1.61-4.87） <	0.001 1.99（1.12-3.54） 0.018
ALP	≥	341b	IU/mL 33/53 62 2.21（1.27-3.86） 0.005
Fentanyl	≥	720b	mg 27/53 51 1.30（0.75-2.24） 0.35
Morphine	≥	100b	mg 	 4/53 	 8 0.82（0.46-1.43） 0.48
Oxycodone	≥	697b	mg 31/53 58 0.90（0.32-2.51） 0.84
Total	fentanyl	≥	1440b	mg 40/53 75 3.68（1.96-6.93） <	0.001 2.94（1.51-5.71） 0.001
Total	morphine	≥	100b	mg 	 6/53 11 0.97（0.55-1.72） 0.92
Total	oxycodone	≥	720b	mg 33/53 62 1.32（0.56-3.11） 0.52 1.30（0.74-2.30） 0.37
NRS	after	the	start	of		
　maximum	opioid	dose	≥	8c 18/29 62 1.13（0.52-2.44） 0.76

NRS	in	admission	≥	7c 20/27 74 2.06（0.86-4.92） 0.10
NSAIDs 28/53 53 0.90（0.52-1.55） 0.69
Pregabalin 	 9/53 17 0.88（0.43-1.83） 0.74
Alendronate 	 6/53 11 1.34（0.56-3.21） 0.51
Bone	metastasis 11/53 21 1.25（0.64-2.45） 0.52
Liver	metastasis 11/53 21 1.01（0.52-1.97） 0.97

Dose	≥	120	mg/day;	Patients	who	used	more	 than	120	mg/day	 (morphine	equivalent）	opioids.	 a	Median,	 b	Optimal	cut-off	value	
calculated	by	receiver	operating	characteristic	(ROC）	analysis,	 c	NRS	after	the	start	of	maximum	opioid	dose	group	and	NRS	in	
admission	group	were	analyzed	in	121	or	141	patients.

Table 2　	Spearman＇s	rank	correlation	between	laboratory	data	
and	daily	escalation	maximum	dose	of	opioid	(morphine	
conversion)

Correlation
coefficient p n

Age -0.21 <	0.001 255
Weight -0.09 0.17 238
Albumin -0.04 0.58 251
CRP 0.09 0.15 248
AST 0.05 0.38 255
ALT 0.08 0.23 255
γ-GTP 0.18 0.003 255
T-Bil 0.01 0.90 252
ALP 0.17 0.005 255
CK -0.05 0.45 245
Cr -0.09 0.17 254
LDH 0.04 0.50 253
CRP/Alb 0.09 0.16 248
ALBI	score 0.02 0.79 249
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　Taken together, the present study suggests that indi-
viduals who receive transdermal fentanyl at high doses 
are more likely to escalate their opioid use over time. 
This indicates that fentanyl is more susceptible to anal-
gesic tolerance than is oxycodone and less effective in 
pain management. Additionally, individuals with elevat-
ed γ-GTP may be more likely to develop analgesic toler-
ance and therefore require higher levels of administration, 
putting them at greater risk for negative health out-
comes. Finally, we believe that clinical pharmacists may 
recognize and utilize these results in daily clinical prac-
tice.
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