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Abstract: The aim of this study was to identify predictive factors for higher conversion ratio in opioid switching from 
oral oxycodone to transdermal fentanyl (TDF) in patients with cancer pain. The participants of this study were 156 
hospitalized cancer patients who underwent opioid switching from oral oxycodone to TDF at the Affiliated Hospital 
of Binzhou Medical University between January 1st, 2010 and March 31st, 2014. Patient characteristics, modified 
Glasgow Prognostic Score (mGPS), daily oxycodone dose, and reasons for opioid switching were retrospectively col-
lected. The effect of variables on the conversion ratio was analyzed by multiple regression analysis to identify the 
predictive factors for higher conversion ratio in opioid switching from oral oxycodone to TDF. The results showed 
that the mGPS (odds ratio [OR], 2.358; 95% CI 1.379-4.031; P = 0.002), the reason for opioid switching (OR, 0.497; 
95% CI, 0.298-0.828; P = 0.007) and equivalent oral morphine dose (OR, 1.700; 95% CI, 1.008-2.867; P = 0.046) 
were found to be significant predictors requiring higher conversion ratio in opioid switching. This study indicates that 
higher mGPS, poor pain control before switching and higher equivalent oral morphine dose are significant predictors 
of a need for higher conversion ratio in opioid switching from oral oxycodone to TDF. These results could contribute 
to the establishment of evidence-based medicine in cancer pain relief. 
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Introduction

Cancer is a major public health problem in the 
whole world and responsible for more than 
0.5×106 deaths annually [1, 2]. The prevalence 
of pain in cancer patients iscrucial and even 
greater than 75% for those with advanced can-
cer [3]. Unrelieved pain impacts all dimensions 
of patient’s quality of life and profoundly influ-
ences the patient’s ability to endure treatment, 
to return to health as a cancer survivor, or to 
achieve a peaceful death. The relief of pain 
should be seen as part of a comprehensive pat-
tern of cancer support care.

The transdermal fentanyl (TDF) was a synthetic 
opioid-receptor agonist which could provide 
effective, continuous pain relief in cancer pain 

patients [4, 5]. The fentanyl from the patch is 
delivered by skin permeability and by local 
blood flow, from which it is taken up into the 
systemic circulation. TDF can achieve clinically 
analgesia for 72 hours per patch, due to its abil-
ity of continuous release [6]. TDF has been rec-
ommended for the management of moderate to 
severe chronic cancer pain and general pain 
[7]. However, several studies have revealed that 
patients with poor nutritional status may 
decrease TDF absorption in cancer patients, 
which may affect clinical pain management 
[8-10]. In clinical practice, patients often need 
to switch opioid and the conversion ratios of 
opioid switching varied, even though a standard 
equivalent analgesic dose table has been pro-
vided for dose selection.
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The modified Glasgow prognostic score (m- 
GPS) is based on a combination of elevated 
C-reactive protein (CRP) (> 10 mg/L) and hypo-
albuminemia (< 35 g/L), and is indicative of 
both an underlying systemic inflammatory 
response and a nutritional decline [11]. 
Previous studies have reported that the mGPS 
was a prognostic predictor in patients with sev-
eral advanced cancers [12, 13]. But reports on 
the relationship between mGPS and conversion 
ratio of opioid switching are limited. This study 
aimed at determining whether mGPS was asso-
ciated with conversion ratio of opioid switching 
from oral oxycodone to TDF and examining the 
predicting factors for higher conversion ratio.

Materials and methods

Clinical data and patient groups

Patient care records of 156 cancer cases who 
were in-patients of the Affiliated Hospital of 
Binzhou Medical School were reviewed retro-
spectively between January 1st, 2010 and 
March 31st, 2014. These patients who were 
undergoing treatment for management of 
chronic cancer-related pain and switched from 
oxycodone to the TDF (Duragesic®; Janssen 
Pharmaceutica, Beerse, Belgium) were includ-
ed in the present study. Patients who had been 
prescribed medication that may influence 
patient’s pain intensity, such as anticancer 
drugs and analgesic adjuvants (except for non-
steroidal antiinflammatory drugs), were exclud-
ed from the analysis. All patients underwent 
regular follow-up at the same hospital.

Data collection

Clinical factors (sex, age, body mass index 
[BMI], type of cancer, laboratory tests, stage of 
cancer, daily dose of oral oxycodone, TDF dose) 
were collected. Pain intensity were retrospec-
tively surveyed using medical records. The 
baseline assessment of pain was made accord-
ing to the Numeric Rating Scale (NRS), with 0 
indicating no pain, 10 indicating the worst pain, 
1-3 indicating mild pain that did not interfere 
with sleep, 4-6 indicating moderate pain that 
interfered with sleep, and NRS scales ≥ 7 indi-
cating severe pain with severe sleep interfer-
ence [6]. The analgesic effect was considered 
to be stable when TDF doses were unchanged 
for more than or equal to 7 days after opioid 
switching following the method [14], and the 
daily TDF dose at this stable condition was 
judged to be adequate for pain control and 
used for the data analysis. The oxycodone dose 
before opioid switching was calculated as the 
corresponding morphine dose using an oxyco-
done to morphine conversion ratio of 2:3 [15, 
16]. Patients were classified into three groups 
(≤ 134 mg/d; 135-224 mg/d; ≥ 225 mg/d) 
according to the daily equivalent oral morphine 
dose [14]. The oxycodone to TDF conversion 
ratio was calculated using daily equivalent oral 
morphine dose divided by the daily TDF dose 
[14].

To evaluate the mGPS, blood test results from 
the day before opioid switching (or no more 

Table 1. Baseline characteristics of patients
Characteristics All patients (n = 156)
Sex (male/female) 108/48
Age (years), median (range) 59 (37-83)
BMI, median (range) 21.4 (13.9-35.4)
CRP (mg/dL), median (range) 4.4 (0.2-76.3)
Albumin (g/dL), median (range) 37.8 (27.8-51.2)
mGPS
    0/1/2 64/61/31
Tumor metastasis
    None metastasis 83 (53.2%)
    Distant metastasis 73 (46.8%)
Daily oral morphine dose
    ≤ 134 mg/d 87 (55.8%)
    135-224 mg/d 43 (27.6%)
    ≥ 225 mg/d 26 (16.6%)
Reason for opioid switching
    Adverse effect 40 (25.6%)
    Poor pain control 82 (52.6%)
    Unable to swallow 31 (19.9%)
    Not known 3 (1.9%)
Dose-conversion Ratio
    ≤ 100 83 (53.2%)
    > 100 73 (46.8%)
Type of cancer
    Lung 26
    Esophagus 27
    Stomach 28
    Colon 16
    Breast 13
    Pharynx 10
    Liver 21
    Others 15
BMI, body mass index; CRP, C-reactive protein; mGPS, modi-
fied Glasgow Prognostic Score.
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than 1 week before switching) were used. The 
mGPS is based on both CRP and albumin. 
Patients who had both elevated CRP (> 10 
mg/L) and hypoalbuminemia (< 35 g/L) were 

assigned a score of 2. 
Patients with only elevated 
CRP (> 10 mg/L) were 
assigned a score of 1. 
Patients with neither of 
these abnormalities were 
assigned a score of 0 [17].

Statistical analysis

Fisher exact test or chi-
square test was used to 
compare categorical vari-
ables to ascertain if clinico-
pathologic data varied with 
the conversion ratios. 
Logistic regression models 
were fit for multivariate 
analyses to evaluate asso-
ciations between conver-
sion ratio and any of the 
clinical factors with P < 0.1 
on univariate analysis. The 
criterion for statistical sig-
nificance was set at P < 
0.05, and p values deter-
mined from two-sided 
tests. All statistical analy-
ses were performed using 
SPSS v16.0 (SPSS, Chica- 
go, IL, USA).

Results

During the study period, a 
total of 156 patients had 
undergone opioid switch-
ing. Demographic and clini-
cal data of the patients are 
shown in Table 1. There 
were 73 patients with dis-
tant metastasis and the 
lung (43/73) was the most 
common site of metasta-
sis. The median CRP level 
was 4.4 mg/dL (ranging 
from 0.2 to 76.3) and the 
median albumin level was 
37.8 g/dL (ranging from 
27.8 to 51.2). There were 

Figure 1. Box plots for the conversion ratios against mGPS 0 (n = 64), mGPS 1 
(n = 61) and mGPS 2 (n = 31). Data are shown by box plot with median, 25% 
and 75% quartiles, and minimum and maximum values.

Figure 2. Box plots for the conversion ratios against reason for opioid switching. 
Data are shown by box plot with median, 25% and 75% quartiles, and minimum 
and maximum values.

twenty-four (15.4%) patients with BMI ≤ 18.5 
kg/m2, thirty-five (22.4%) patients with BMI 
between 18.5 and 20.5 kg/m2 and ninety-sev-
en (62.2%) patients with BMI > 20.5 kg/m2.
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The box plots for the conversion ratios of each 
mGPS group were shown in Figure 1. The con-
version ratio for patients with mGPS of 0 tend-
ed to be lower than that for those with mGPS of 
1 and 2; the median (minimum to maximum 
range) conversion ratios for patients with mGPS 
of 0, 1, and 2 were 100 (50-150), 125 (50-
200), and 150 (50-200), respectively.

The conversion ratios were classified by the 
reasons for opioid switching (group 1, 2, 3), and 
the box plots are given in Figure 2. The most 
frequent reason for opioid switching was poor 
pain control, which was reported in 82 (52.6%) 
patients (Table 1). The conversion ratio for 
patients in the poor pain control group (group 
2) tended to be higher than that for those in the 
other groups; the median (minimum to maxi-
mum range) conversion ratios for patients in 
groups 1, 2, and 3 were 100 (50-200), 150 (75-
200), and 100 (50-150), respectively. Figure 3 
shows the box plots for the conversion ratios of 
each daily equivalent oral morphine dose. The 
conversion ratio for group with a daily dose of ≥ 
225 mg/d tended to be higher than that for the 
other two groups (Figure 3).

To determine which clinical factors were corre-
lated with the conversion ratios, the Fisher 
exact test and chi-square test were used to 
compare categorical variables with the conver-

sion ratios. In univariate 
analysis, mGPS was strong-
ly associated with conver-
sion ratios: 73.4% (47/64) 
patients with a mGPS of 0 
had a conversion ratios of  
≤ 100, while only 44.3% 
(27/61) patients with a 
mGPS of 1 and 29.0% 
(9/31) patients with a 
mGPS of 2 had a conver-
sion ratios of ≤ 100 (P< 
0.001, Table 2). The reason 
for opioid switching and 
converted oral morphine 
dose were also strongly 
associated with the conver-
sion ratios (P < 0.001, P = 
0.001; respectively). No 
significant difference in 
sex, age, BMI or tumor 
metastasis was found 
between the dose-conver-
sion ratio group.

Figure 3. Box plots for conversion ratio against the daily oral morphine-equiva-
lent oxycodone dose. Data are shown by box plot with median, 25% and 75% 
quartiles, and minimum and maximum values.

Clinical variables that were statistically signifi-
cant (P < 0.10) in univariate analysis were ana-
lyzed further in multivariate analysis using 
logistic regression models. In multivariate 
regression analysis, mGPS (odds ratio [OR], 
2.358; 95% CI 1.379-4.031; P = 0.002), the 
reason for opioid switching (OR, 0.497; 95% CI, 
0.298-0.828; P = 0.007) and oral morphine 
dose (OR, 1.700; 95% CI, 1.008-2.867; P = 
0.046) were found to be significant predictors 
requiring higher conversion ratio in opioid 
switching (Table 3).

Discussion

To our knowledge, it is the first study to explore 
the relationship between mGPS and conversion 
ratios for opioid switching from oral oxycodone 
to TDF. No studies on the effect of mGPS on 
opioid switching from oral oxycodone have 
been published, either. In this study, we 
revealed that mGPS, the reason for opioid 
switching and daily oral morphine dose affect-
ed the standard recommended conversion 
ratios for opioid switching from oral oxycodone 
to transdermal fentanyl. The typical conversion 
ratio is 100:1 (morphine to TDF) [15]. But in 
clinical practice, the initial conversion ratios, 
based on clinical studies and personal experi-
ence [15, 18], were changed to achieve the 
best balance between pain intensity and 
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adverse effects. In addition, the variability in 
fentanyl pharmacokinetics and drug response 
between patients could also lead to the inter-
individual variability in the conversion ratios 
[19, 20], which resulted in large variability of 
conversion ratios of opioid switching in this 
study.

The mGPS is based on a combination of hypo-
albuminemia (< 35 g/L) and elevated CRP (> 
10 mg/L), and is indicative of both an underly-
ing systemic inflammatory response and a 
nutritional decline [17]. The mGPS has been 
reported to be a useful predictor of survival in 
patients with lung [21], gastrointestinal [22], 
and colorectal cancer [23]. In this study, a 
higher mGPS level could predict higher con-
version ratios for opioid switching from oral 
oxycodone to TDF. Previous studies reported 
that elevated acute-phase response proteins, 
especially CRP, and hypoalbuminemia were 
associated to cancer-related cachexia [24]. 
Besides, the diagnostic criteria for cachexia 
included albumin < 35 g/L and evidence of 
cytokine excess (eg, elevated CRP) [25]. 
Heiskanen et al reported that the absorption 
of TDF was impaired in cachectic patients 
[10]. Additionally, it is also recognized that 
patients with cancer may have concurrent 
morbidity, thereby causing an increase in their 
CRP level and derangement of their albumin 
and other hematological parameters, which 
might influence the absorption of TDF [26]. 
The impaired absorption of TDF in patients 
with a higher level of mGPS could lead to a 
higher conversion ratios for opioid switching 
from oral oxycodone to TDF. Moreover, the 
concomitant nutritional decline in patients 
with higher level of mGPS could also reduce 
patient tolerance to pain and patient’s compli-
ance with analgesic treatment declines, which 
might also lead to a higher conversion ratios.

The reasons for opioid switching were also 
identified as a predictive factor. For patients 
with moderate-to-sever cancer pain, TDF 
could facilitate the continuous administration 
of a potent opioid, without the need for more 
invasive methods which involve needles and 
drug-infusion pumps [14]. The most frequent 
reason for opioid switching in the present 
study was the poor pain control, which was 
cited in 82 (52.6%) of 156 cases. Previous 
studies have revealed that opioid switching 
has been found to improve opioid responsi- 
veness in different conditions [18, 27]. This 
study also revealed that the daily equivalent 

Table 2. Fisher exact test or Chi-square test to 
determine association of dose-conversion ratio 
and covariates

Characteristic
Dose-conversion Ratio

P
≤ 100 > 100

Total 83 (53.2%) 73 (46.8%)
Age (years) 0.204
    ≤ 60 38 (24.4%) 41 (26.3%)
    > 60 45 (28.8%) 32 (20.5%)
Sex 0.487
    Male 55 (35.3%) 53 (34.0%)
    Female 28 (17.9%) 20 (12.8%)
BMI 0.522
    > 20.5 55 (35.3%) 42 (26.9%)
    18.5-20.5 17 (10.9%) 18 (11.5%) 
    ≤ 18.5 11 (7.1%) 13 (8.3%)
Tumor metastasis 0.261
    non metastasis 48 (30.8%) 35 (22.4%)
    metastasis 35 (22.4%) 38 (24.4%)
mGPS < 0.001
    0 47 (30.1%) 17 (10.9%)
    1 27 (17.3%) 34 (21.8%)
    2 9 (5.8%) 22 (14.1%)
Reason < 0.001
    Adverse effect 22 (14.1%) 18 (11.5%)
    Poor pain control 33 (21.1%) 49 (31.4%)
    Unable to swallow 25 (16.0%) 6 (3.8%)
    Unknown 3 (1.9%) 0(0%)
Oral morphine dose 0.001
    ≤ 134 mg/d 56 (35.9%) 31 (19.9%)
    135-224 mg/d 21 (13.5%) 22 (14.1%)
    ≥ 225 mg/d 6 (3.8%) 20 (12.8%)
BMI, body mass index; mGPS, modified Glasgow Prognostic 
Score.

oral morphine dose was associated with the 
conversion ratios, which was in close agree-
ment with previous reports [14].

In this study, the conversion ratios for opioid 
switching was not influenced by age, sex, BMI, 
or the tumor metastasis. The influence of age, 

Table 3. Multivariate logistic regression analysis 
for dose-conversion ratio
Variable P OR 95% CI for OR
mGPS 0.002 2.358 1.379-4.031
Reason 0.007 0.497 0.298-0.828
Oral morphine dose 0.046 1.700 1.008-2.867
OR, odds ratio; 95% CI, 95% confidence interval; mGPS, modi-
fied Glasgow Prognostic Score.
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sex on opioid switching was still inconclusive. 
Mercadante et al reported that age and sex did 
not influence the opioid switching, which is con-
sistent with the results in the present study 
[28]. Reportedly, TDF absorption is impaired to 
between a third and a half in patients with 
cachexia (mean BMI = 16 kg/m2) [10]. But BMI 
of most patients was over 18.5 kg/m2 in this 
study, and only 15.4% (24 of 156) had BMI < 
18.5 kg/m2 (Table 2). The higher BMI level in 
the present study suggests that any changes in 
TDF absorption had a minimal impact on the 
conversion ratio, at the time of opioid 
switching.

There are several potential limitations in this 
study, including the retrospective nature and 
the fact that the study was conducted in a sin-
gle institution. However, we reported on a rela-
tive large study population that underwent opi-
oid switching only from oral oxycodone to TDF. 
Thus, larger prospective studies will need to be 
carried out to confirm these preliminary results.

In conclusion, our study indicates that higher 
mGPS, poor pain control before switching and 
higher equivalent oral morphine dose are sig-
nificant predictors of a need for higher conver-
sion ratio in opioid switching from oral oxyco-
done to TDF. These results could contribute to 
the establishment of evidence-based medicine 
in cancer pain relief.
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