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Abstract

Background: Cancer pain remains a difficult problem, for which opioids are often necessary. At present it is
difficult to predict the effectiveness of opioid therapy.
Objectives: We aim to assess the association between patient characteristics and opioid treatment response in
cancer patients, and develop a model to predict probability of response.
Subjects: We used data from two previously published randomized clinical trials, in which patients with head
and neck cancer were treated with fentanyl or methadone (total N = 134).
Measurements: Treatment success was defined as ‡50% pain reduction at one and five weeks. We analyzed
patient characteristics (age, sex, depression, and anxiety), treatment characteristics (having had chemotherapy,
radiotherapy, surgery, methadone, or fentanyl) and pain characteristics (neuropathic and nociceptive).
Design: Based on univariable and multivariable regression analyses determinants of therapy success were
assessed. Based on these analyses a prediction model was developed.
Results: Our analyses show that one-week therapy success was associated with methadone (odds ratio
[OR] = 5.21), duration of pain in months (OR = 1.12), neuropathic pain (OR = 3.36), and age of the patient in
years (OR = 0.95). Inclusion of these four characteristics into our prediction model resulted in an area under the
curve of 81.6%.
Conclusions: Careful analyses of patient attributes, treatment, and pain type of patients with head and neck
cancer resulted in a prediction model that allowed to predict short-term pain relief and the opioid treatment
response in neuropathic and nociceptive pain owing to cancer.
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Introduction

P

ain continues to be a major cause of distress in cancer
patients.1 Despite an increased awareness of pain in
cancer patients, the prevalence of cancer pain has not changed significantly when comparing the period 2005–2014 with
the period 1966–2005.2 An important algorithm used to treat
cancer pain is the World Health Organization pain ladder,3
which has proven to provide significant pain relief in most

patients.4,5 This algorithm suggests treatment of cancer pain
using strong opioids at a relatively early stage. Therefore we can
say that opioids are the cornerstone of cancer pain management.
Although opioids are highly effective at providing pain
relief, some patients do not experience this pain reduction.6
Despite centuries of experience with opioids,7 it remains
difficult to predict which patient will show a good response,
and which patient will show a poor response or needs an
incremental dose of opioids. A recent study revealed an
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association between the presence of liver metastases, breakthrough pain, and nonresponsiveness to opioids.8 Other
studies showed associations between genetic markers such as
the mu-opioid receptor (OPRM1) allele, postoperative opioid
consumption, and pain relief.9 Interestingly an association
between genetic sensitivity to opioid analgesics and opioid
effect in postoperative pain patients was only noted for the
first 24 hours. Moreover, the inability to predict an opioid’s
clinical effectiveness can be a problem when a patient wants
to know how effective the pain relief will be.
To address this problem it is important to identify factors
that are associated with effectiveness of pain therapy. This
could result in more effective treatment of cancer pain using
opioid therapy tailored to a patient’s profile. Furthermore, a
clinician can use these predictors to provide patients with
reasonable expectations of pharmacological pain therapy. A
retrospective study in patients with neuropathic pain showed
that those patients with realistic expectations had lower levels
of disability and psychological distress than patients with
unrealistic expectations. Patients with optimistic expectations showed lower levels of disability than those patients
with realistic assumptions. Patients with pessimistic expectations were characterized by higher levels of catastrophizing
and psychological distress.10
To provide the patient and clinician with the most accurate
information about the chance of opioid therapy success, we
performed this analysis. We assessed the associations between patient and cancer treatment characteristics and the
probability of achieving pain relief with either methadone or
fentanyl. In addition, we combined these predictors of pain
relief into one model to be able to predict short-term pain
relief within one week.
Methods
Source of data

Patient data from two randomized clinical trials were used
for this study.11,12 In short, strong opioid-naive patients (i.e.,
patients had only been prescribed weak opioids such as codeine
and tramadol, or no opioids at all) with head and neck cancer
and pain (Numeric Rating Scale [NRS] >4) were stratified into
two groups. One with a neuropathic pain component, defined
as a Douleur Neuropathique 4 (DN4) score of ‡4, and the other
with nociceptive pain after radiotherapy-induced mucositis
(shortly after the start of radiotherapy). After informed consent
was obtained, patients were randomly assigned to either the
fentanyl or the methadone group. The randomization was
stratified by surgery, chemotherapy, and radiotherapy, and
performed using the web-based program TENALEA (Trans
European Network for Clinical Trials Services).
The total duration of follow-up was five weeks, and patients
were seen four times after informed consent was obtained. At
baseline patients provided demographic data, and completed
the Brief Pain Inventory (BPI), side effect questionnaires,
Hospital Anxiety and Depression Scale (HADS), and Quality
of Life (EuroQoL 5D). Methadone 2.5 mg twice daily or fentanyl patch 12 lg/hour was prescribed as well as fentanyl nose
spray 50 lg or fentanyl sublingual 100 lg as necessary up to
six times per day for breakthrough pain. Because of delivery
problems with the methadone 2.5 mg tablets, the starting dose
was altered to 2 mg twice daily later in the study.
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At one, three and five weeks patients completed the BPI,
side effect questionnaires, and global perceived effect (Patient Global Impression of Change [PGIC]). If necessary the
strong opioid dose was increased by 50%. As the fentanyl
patch has 12 lg/hour as the lowest dose this could only be
doubled the first time. If deemed possible the strong opioid
dose was decreased by 30% (or stopped if medication was at
starting dose). Therapy discontinuation because of side effects was assessed at every visit.
Outcome

The primary outcome parameter used was treatment success, defined as a change in pain score from baseline pain of
at least 50%. Pain was measured using an 11-point NRS. For
this study, pain measures of one and five weeks after treatment were used to quantify short- and long-term treatment
success, respectively.
Determinants of treatment success

In our analyses we measured associations between treatment success and several patient characteristics such as, sex,
age, HADS depression score, HADS anxiety score, and
HADS total score. Treatment characteristics and pain characteristics were analyzed as well using methadone or fentanyl, having had chemotherapy, having had radiotherapy,
having had surgery, pain duration, and pain type (nociceptive
[radiation-induced mucositis] or neuropathic [pain with a
neuropathic pain component as measured with the DN4]).
Statistical analyses

Before univariable and multivariable analysis, we imputed
missing characteristics using multiple imputations. The
number of imputations was set to 10, and the imputed values
were drawn using predictive mean matching. Compared with
the use of completed cases only for the analysis, the use of
imputation provides more precision as all subjects will be
included for the analysis. In addition, multiple imputations
are less prone to yield biased coefficients compared with
complete case analysis.13
We used logistic regression analyses to compute the univariable, or unadjusted, associations between determinants of
treatment success and actual treatment success at one and five
weeks after opioid treatment initiation. In a subsequent
analysis, all parameters were included in a multivariable logistic regression model to correct for other determinants.
To develop a model to predict short-term treatment success, we entered all determinants in a logistic regression
model and used backward stepwise elimination to arrive at a
more parsimonious model. As suggested by prediction
modeling guidelines, we used a less stringent alpha for statistical testing of 0.30. Variables that were selected in over
half of the 10 imputed datasets were selected for the prediction model.14–16
The performance of the prediction model was quantified by
measures of discriminative ability and calibration. The discriminative ability of the model pertains to the ability of the
models to distinguish between patients who will experience
treatment success, and those who will not. It is quantified as
the area under the receiver-operating characteristic curve
(AUC). The AUC ranges between 50% (no discriminative
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ability at all, like flipping a coin) and 100% (perfect separation between success and no success). Calibration of the
model compares predicted probabilities of treatment success
to actual probabilities. We visually assessed the calibration
plot to assess calibration over the whole range of predicted
probabilities. The prediction model was internally validated
using bootstrapping techniques.
All analyses were performed using R version 3.3.3.
Results
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In total, 134 patients were included in both randomized
clinical trials. Because of the imputation step, all patients
were included in the analysis. Of all patients, 30 (22.2%)
patients reported short-term pain decrease of 50% or more.
Baseline characteristics of all patients are given in Table 1.

Table 1. Baseline Characteristics
N = 134
n (%)a
Age, years
Median
SD
Mean pain (BPI), median (SD)
Quality of life (Eqol5), median (SD)
Male sex
Education
Primary school
Secondary school
College/university
Employment status
Working
Housewife/man
Old-age pension
Disability pension
Sick leave
Volunteer work
Living arrangements
At home alone
At home with partner
Different
Depression (HADS)
No
Borderline
Yes
Anxiety (HADS)
No
Borderline
Yes
Previous radiotherapy
Previous chemotherapy
Previous surgery
Methadone
Fentanyl
Antineuropathic comedicationb
Previous weak opioid exposure
a

64
9.7
5.7 (1.8)
0.42 (0.33)
86 (64)
56 (42)
32 (24)
46 (34)
17
21
60
17
13
4

(12.7)
(16)
(45)
(13)
(10)
(3)

37 (28)
94 (70)
3 (2)
70 (52)
12 (21)
36 (27)
78
27
29
106
39
21
68
66
19
32

(58)
(20)
(22)
(79)
(29)
(16)
(51)
(49)
(14)
(24)

Unless otherwise specified.
b
Gabapentin, pregabalin, or amitriptyline.
BPI, Brief Pain Inventory; Eqol5, EuroQoL 5; HADS, Hospital
Anxiety and Depression Scale, depression/anxiety no, 0–7 points;
borderline, 8–10; yes, 11–21; SD, standard deviation.

Determinants of treatment effect

Univariable analysis for short-term (one week) and longterm (five weeks) treatment success revealed that only at one
week a significant (positive or negative) association with
treatment success was noted for (1) having had surgery, (2)
baseline pain, (3) neuropathic pain, and (4) treatment with
methadone. In the univariable analysis having had surgery
was associated with a decreased chance of treatment success.
Baseline pain, neuropathic pain, and treatment with methadone were associated with an increased chance of therapy
success. Univariable analysis did not show a correlation between age and treatment success (Table 2).
At five weeks 55 patients were lost to follow-up (7 side
effects, 4 deceased, 17 pain free, 8 patients stopped because
of other reasons, 16 intercurrent disease, 3 medication stopped by other physician). This loss to follow-up was corrected
for by using imputation methods. At five weeks 47% of patients experienced pain reduction of 50% or more; no factor
was significantly associated with treatment success.
Predicting short-term treatment effect

The backward stepwise elimination procedure in each of
the 10 imputed datasets yielded four predictors for the prediction model for short-term treatment success: age, methadone (compared with fentanyl), duration of pain (in months),
and neuropathic pain (compared with nociceptive pain). Age
was negatively associated with the probability of short-term
treatment success; all other predictors were positively associated. Table 3 comprises all regression coefficients and odds
ratios after penalization of the prediction model because of
overfitting. The shrinkage factor that was used for penalization was based on our data, which was 0.85.
The prediction model discriminated well between patients
with and without short-term pain treatment success. The
AUC of the prediction model was 81.6% (95% confidence
interval: 73.8–81.6). The calibration plot revealed that the
model was well calibrated. All subgroups of patients based on
similar predicted risk clustered around the 45 line of perfect
calibration (Fig. 1).
Discussion

In this study we identified multiple predictors of opioid
therapy success in head and neck cancer pain, and used these
to create a prediction model. This results in an effective
model that may be used to predict the chance of therapy
success. Although this prediction model needs to be validated, our results suggest that it will be of help for doctors and
cancer pain patients to improve the informed, shared decision
making around pain medication (i.e., to start opioid therapy,
or to try alternative pain medications such as nonsteroidal
anti-inflammatory drugs, antidepressants, and gabapentinoids before).
Predictors

The possible predictors as used in this study were chosen
based on clinical reasoning and available evidence as prescribed by current guidelines on reporting about prognostic
modeling.14–16 Each possible predictor will be discussed
separately.
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Table 2. Univariable Associations between Patient Characteristics and Short-Term (One Week)
and Long-Term (Five Weeks) Treatment Success
Short term
OR (95% CI)
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Age (years)
Female
Pain duration (months)
Radiotherapy
Chemotherapy
Surgery
Baseline pain (NRS)
HADS total score
HADS depression score
HADS anxiety scale
Neuropathic vs. nociceptive pain
Methadone vs. fentanyl

0.97
1.18
1.07
1.38
0.76
0.33
1.28
1.03
1.08
1.05
2.06
4.25

Long term
p

(0.93–1.01)
(0.50–2.80)
(0.93–1.24)
(0.51–3.73)
(0.31–1.85)
(0.12–0.88)
(1.00–1.63)
(0.98–1.09)
(0.98–1.20)
(0.95–1.16)
(1.12–6.18)
(1.65–10.95)

0.151
0.707
0.308
0.526
0.548
0.028
0.045
0.210
0.106
0.292
0.027
0.003

OR (95% CI)
0.97
1.33
1.03
0.93
0.67
0.46
1.07
0.97
0.96
0.94
1.01
1.42

(0.93–1.02)
(0.53–3.29)
(0.97–1.11)
(0.27–3.18)
(0.26–1.74)
(0.15–1.39)
(0.85–1.34)
(0.93–1.02
(0.87–1.06)
(0.86–1.04)
(0.37–2.78)
(0.64–3.14)

p
0.238
0.535
0.256
0.907
0.400
0.165
0.560
0.244
0.446
0.232
0.986
0.381

CI, confidence interval; NRS, Numeric Rating Scale; OR, odds ratio.

Age

Based on various studies it is suggested that elderly patients
respond as well as or even better than younger age groups
to opioid therapy, in chronic and in acute postoperative
pain.17–19 Hence we expected that age might have a beneficial
effect on therapy success (i.e., higher age could result in
higher percentage of clinical success). However, in our population we noticed the opposite. Possible reasons for this
difference could be related to the fact that there was a limited
spread in our population’s age (see Table 1), and we did not
dichotomize the patient population into a group younger than
and a group older than 65 years compared with the abovementioned studies.
An aged population is likely to be at a higher risk for side
effects of opioids. This is caused by the increased frailty of
this population, and also the higher likeliness of comorbidity
and comedication that can result in different interactions.20
Methadone elimination depends on several cytochrome reduction pathways and on renal filtration.21 Different pharmaceuticals can interact with the CYP2D6 or CYP 3A4
pathway and cause a decrease or increase of the methadone

plasma levels.22 Fentanyl elimination depends on CYP 3A4,
and medication influencing CYP 3A4 activity can influence
plasma levels of fentanyl.23 The transdermal fentanyl patch
reduces the first pass effect, and increases bioavailability to
*90%. However, large variations in plasma level have been
measured in different patients, and it has been shown that
patients at a higher age absorb less fentanyl than patients at a
lower age.24
The possible unpredictable opioid plasma levels could be a
reason to be more careful with opioid therapy in an aged
population. Our model shows that an aged population is less
likely to benefit from opioids in general.
Anxiety and depression

Anxiety and depression, as measured with the HADS
questionnaire, have previously been associated with chronic pain. In chronic pain a higher HADS score has been
reported to decrease effectiveness of nonpharmacological

Table 3. Prediction Model for the Probability
of Short-Term Pain Treatment Success
after Opioid Intake
Regression
coefficient
Intercept
Age (years)
Methadone (yes)
Duration of pain (months)
Neuropathic pain (yes)

-0.18
-0.05
1.65
0.12
1.30

OR (95% CI)
0.95
5.21
1.12
3.36

(0.90–1.00)
(1.56–17.5)
(0.98–1.29)
(1.21–11.1)

An individual’s probability of short-term pain treatment success
can be calculated as: 1/(1 + e-LP), in which LP (i.e., linear
predictor) = -0.18 - 0.05 · age +1.65 · methadone +0.12 · duration
of pain +1.30 · neuropathic pain. For example, a 65-year-old patient
who reports experiencing pain for five months, classified as
neuropathic pain, who will be treated with methadone has a
probability of treatment success of:
LP = -0.18 - 0.05 · 65 + 1.65 · 1 + 0.12 · 5 + 1.30 · 1 = 0.12
Probability = 1/(1 + e0.12) = 0.47 = 47%.

FIG. 1. Calibration plot of the prediction model for shortterm pain treatment success.
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pain therapy.25,26 Despite previously reported association
between HADS and pain therapy success in chronic pain
patients, we were not able to confirm this with our data.
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Surgery, chemotherapy, and radiotherapy

We included previous surgery, chemotherapy, and radiotherapy treatment in our analyses as this might affect pain in
several ways. It can be argued that surgery, chemotherapy,
and radiotherapy might be beneficial to pain treatment, as
these therapies might help to reduce or remove the cancer and
thus the accompanying pain. However, as these treatments
can also cause pain they might also worsen the pain. In our
patient population we noted no association between surgery,
radiotherapy or chemotherapy, and opioid treatment response. Although surgery seems to be associated with opioid
treatment success (with a risk ratio of 0.33, it seems to be
associated with a lower success rate), this association was not
noticed in the multivariate analysis.
Pain type

The European Federation of Neurological Societies
(EFNS) guidelines mention opioids as a second- or third-line
therapy for neuropathic pain.27 In addition, guidelines for
cancer pain do advice the use of gabapentinoids, tricyclic
antidepressants, or selective serotonin and noradrenaline reuptake inhibitors (SNRI) for neuropathic pain.28
An important reason for being prudent with opioids in a
population with neuropathic pain is the side effect profile and
the dependence-producing nature of opioids. Finnerup et al.
have shown that opioids do provide good pain relief in a
patient population with neuropathic pain, with a number
needed to treat (NNT) of 4.3 to provide one patient with 50%
pain relief. The maximum effectiveness was noticed at doses
of 180 mg morphine or equivalent.29 This dose and NNT is
higher compared with opioids given for acute postoperative
pain that can be classified as nociceptive pain. In the latter
patient population Moore calculated that oxycodone 10 mg
has an NNT of 1.8 or 2.7, depending on the accompanying
dose of paracetamol (650 and 1000 mg, respectively). There
is no reliable NNT for oxycodone alone.30
Because the NNT is lower in the nociceptive patient
population, combined with a much lower dose we expected
that neuropathic pain would have a negative impact on pain
therapy success. We were surprised to notice that in our
patient population neuropathic pain was associated with a
higher chance of opioid therapy success. A possible explanation is the fact that we used methadone that could have
effect on neuropathic pain through the N-methyl-d-aspartate
(NMDA) receptor antagonist qualities of methadone.31 A
recent study evaluating factors associated with effectiveness
of tapentadol showed more effectiveness of tapentadol in a
population with a description of a neuropathic pain component. It was hypothesized that this could be because of the
noradrenaline reuptake inhibitor capabilities of tapentadol.32
It could also be hypothesized that neuropathic pain responds
better to opioids than we always assumed.
Baseline pain

The univariate analysis showed that a high baseline pain is
associated with a higher treatment success, but this was not
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noticed in the multivariate analysis. We did not expect that
the initial pain score would be correlated with opioid treatment success, because we scored success as 50% pain reduction. Patients were not treated differently if they had
higher pain scores compared with patients with lower pain
scores. Therefore it would be unlikely that baseline pain
would be associated with opioid therapy success.
Pain duration

Longer duration of pain is associated with reduced treatment success in pain syndromes such as shoulder and neck
pain, radicular pain, and coccygodynia,33–35 but was not associated with therapy success in other pain syndromes.36,37
As there might be an association between opioid therapy
success and duration of pain, we included this in our study.
Our results show that with pain caused by cancer in the
pharyngeal region no association between pain duration and
opioid therapy success was noted. A possible explanation is
the completely different pain mechanism involved in our
population compared with the studies mentioned previously.
Furthermore, it is important to note that the average duration
of pain in our patient population is much shorter compared
with those studies showing an association between duration
of pain and lack of treatment success.33–35
Methadone or fentanyl

As the original studies11,12 compared methadone with
fentanyl in neuropathic and nociceptive pain in patients with
head and neck cancer, we included these medications in our
analyses. In the neuropathic pain population methadone
proved to be superior to fentanyl on short-term pain treatment.11 In the nociceptive pain population methadone was
not inferior to fentanyl.12 Because these results showed that
overall methadone seems to have a higher success rate, we
included these predictors in our analyses. Overall methadone
is associated with a better short-term treatment success.
Therefore, methadone is a good treatment for cancer pain, as
long as the clinician is familiar with methadone and has
knowledge of its complex pharmacokinetics.
The additional effect of methadone on the NMDA receptor31,38 is most likely the underlying mechanism that explains
the better response of cancer pain patients with a neuropathic
pain component to methadone. The NMDA receptor is
involved in different pain conditions such as neuropathic
pain, pain caused by inflammation, ischemic pain, and
allodynia.39–42 Additional blockade of the NMDA receptor
by methadone and combined with its opioid qualities can
therefore result in further pain reduction and in particular in
those pain states associated with central sensitization and
NMDA receptor opening such as neuropathic pain and
massive nociception.
Long term

The results led us to conclude that the association between
patient characteristics and opioid treatment response only
exists in the first week (short term), and not at five weeks
(long term). In this context it is important to note that our
patient population decreased because of loss to followup. Although the loss to follow-up is well accounted for, it
does reduce the strength of the data. This reduction cannot be
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compensated completely with imputation methods and might
explain the loss of an association at five weeks.
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Limitations

This study produced a robust prediction model. However,
it should be taken into account that the data are from two
specific patient populations: the nociceptive and the neuropathic pain group. This makes it difficult to extrapolate if the
prediction model will adequately predict treatment success in
other populations. It is important to note that the nociceptive
pain population suffered from radiotherapy-induced mucositis. This might affect the effect of radiation therapy and
success of pain relief.
Another limitation of this study is that no data were
available on how long before study inclusion the patients
underwent surgery, chemotherapy, or radiotherapy (except
for the patients suffering from radiation-induced mucositis).
A further specification of current ongoing therapy might then
provide better insights into the possibility of (effective)
treatment of the underlying disease or not.
Evaluating factors associated
with pain therapy success

Recent data suggest that the presence of liver metastases
and breakthrough pain in a mixed patient population were
determinants of opioid therapy failure.8 Differences in patient population and in treatment protocol as used in this
study8 compared with our study might be important reasons
for the contrasting results. Our study focused on therapy
success, whereas the aforementioned study8 evaluated therapy failure. The determinants of both therapy success and
therapy failure need to be studied in more detail to provide
clinicians with relevant data to determine the best possible
treatment for the cancer pain patient.
Other characteristics such as genetic variations in the
patient population have been shown to be associated with
opioid therapy success in postoperative pain. However, the
OPRM1 gene is only associated with pain therapy success at
24 hours, and this association is no longer significant after
48 hours.9 The use of a prediction model can be of great help
for the clinician. Different prediction models are in use and
help doctors predict the likelihood of correct diagnosis or
chance of successful therapy. It is important to note that an
AUC of 0.82 is a good prediction model for the chance of
therapy success. A diagnostic model should have a higher
AUC, such as the model predicting the chance of appendicitis
in children with an AUC of 0.91.43 However, in a predictive
model for achieving pathologic complete response in patients
with breast cancer, an AUC of 0.77 is considered good.44
Although we do have a good prediction model for therapy
success, it is necessary to validate this model in another patient population. This model still needs external validation,
therefore we did no add a specific normogram. We hope that
more studies will focus on characteristics associated with
pain therapy success to improve our model. Possible characteristics to include in an improved model could be genetics
and proteomics.
Conclusion

This study shows that age, type of pain (neuropathic pain
component vs. nociceptive pain), pain treatment (methadone
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vs. fentanyl), and pain duration are important determinants of
opioid therapy success in patients with pain as a result of head
and neck cancer. Using these determinants in a prediction
model results in an effective model that may be used to
predict the chance of therapy success, but only after external
validation. This model can help the clinician to provide accurate information to the patient and improve shared decision
making in a vulnerable patient population.
Acknowledgment

The authors thank Jaap Hol for his support.
Author Disclosure Statement

The authors have nothing to disclose, this research was
performed without funding.
References

1. van den Beuken-van Everdingen MH, Hochstenbach LM,
Joosten EA, et al.: Update on prevalence of pain in patients
with cancer: Systematic review and meta-analysis. J Pain
Symptom Manage 2016;51:1070.e9–1090.e9.
2. Haumann J, Joosten EBA, Everdingen M: Pain prevalence
in cancer patients: Status quo or opportunities for improvement? Curr Opin Support Palliat Care 2017;11:99–
104.
3. Ventafridda V, Saita L, Ripamonti C, et al.: WHO guidelines for the use of analgesics in cancer pain. Int J Tissue
React 1985;7:93–96.
4. Carlson CL: Effectiveness of the World Health Organization cancer pain relief guidelines: An integrative review. J
Pain Res 2016;9:515–534.
5. Ventafridda V, Tamburini M, Caraceni A, et al.: A validation study of the WHO method for cancer pain relief.
Cancer 1987;59:850–856.
6. Corli O, Floriani I, Roberto A, et al.: Are strong opioids
equally effective and safe in the treatment of chronic cancer
pain? A multicenter randomized phase IV ‘‘real life’’ trial
on the variability of response to opioids. Ann Oncol 2016;
27:1107–1115.
7. Brownstein MJ: A brief history of opiates, opioid peptides,
and opioid receptors. Proc Natl Acad Sci U S A 1993;90:
5391–5393.
8. Corli O, Roberto A, Bennett MI, et al.: Non-responsiveness
and susceptibility of opioids side effects related to cancer
patients’ clinical characteristics: A post-hoc analysis. Pain
Pract 2018;18:748–757.
9. Ren ZY, Xu XQ, Bao YP, et al.: The impact of genetic
variation on sensitivity to opioid analgesics in patients with
postoperative pain: A systematic review and meta-analysis.
Pain Physician 2015;18:131–152.
10. Bostick GP, Kamper SJ, Haanstra TM, et al.: Pain expectations in neuropathic pain: Is it best to be optimistic? Eur J
Pain 2017;21:605–613.
11. Haumann J, Geurts JW, van Kuijk SM, et al.: Methadone is
superior to fentanyl in treating neuropathic pain in patients
with head-and-neck cancer. Eur J Cancer 2016;65:121–129.
12. Haumann J, van Kuijk SMJ, Geurts JW, et al.: Methadone
versus fentanyl in patients with radiation-induced nociceptive pain with head and neck cancer: a randomized
controlled noninferiority trial. Pain Pract 2018;18:331–340.
13. van Buuren S: Flexible Imputation of Missing Data. Boca
Raton, FL: CRC Press, 2012.

Downloaded by UNIV OF MAASTRICHT from www.liebertpub.com at 04/24/20. For personal use only.

DETERMINANTS OF OPIOID THERAPY SUCCESS

14. Harrell FE: Regression Modeling Strategies: With Applications to Linear Models, Logistic Regression, and Survival
Analysis. New York, NY: Springer, 2001.
15. Steyerberg EW, Moons KG, van der Windt DA, et al.:
Prognosis Research Strategy (PROGRESS) 3: Prognostic
model research. PLoS Med 2013;10:e1001381.
16. Steyerberg EW: Clinical Prediction Models: A Practical
Approach to Development, Validation, and Updating. New
York, NY: Springer, 2009.
17. Likar R, Vadlau EM, Breschan C, et al.: Comparable analgesic efficacy of transdermal buprenorphine in patients over
and under 65 years of age. Clin J Pain 2008;24:536–543.
18. Kaiko RF: Age and morphine analgesia in cancer patients
with postoperative pain. Clin Pharmacol Ther 1980;28:
823–826.
19. Nasar MA, McLeavy MA, Knox J: An open study of sublingual buprenorphine in the treatment of chronic pain in
the elderly. Curr Med Res Opin 1986;10:251–255.
20. Pergolizzi J, Boger RH, Budd K, et al.: Opioids and the
management of chronic severe pain in the elderly: Consensus statement of an International Expert Panel with focus on the six clinically most often used World Health
Organization Step III opioids (buprenorphine, fentanyl,
hydromorphone, methadone, morphine, oxycodone). Pain
Pract 2008;8:287–313.
21. Eap CB, Buclin T, Baumann P: Interindividual variability
of the clinical pharmacokinetics of methadone: Implications for the treatment of opioid dependence. Clin Pharmacokinet 2002;41:1153–1193.
22. Fredheim OM, Moksnes K, Borchgrevink PC, et al.: Clinical pharmacology of methadone for pain. Acta Anaesthesiol Scand 2008;52:879–889.
23. Feierman DE, Lasker JM: Metabolism of fentanyl, a synthetic opioid analgesic, by human liver microsomes. Role
of CYP3A4. Drug Metab Dispos 1996;24:932–939.
24. Solassol I, Caumette L, Bressolle F, et al.: Inter- and intraindividual variability in transdermal fentanyl absorption in
cancer pain patients. Oncol Rep 2005;14:1029–1036.
25. Wasan AD, Jamison RN, Pham L, et al.: Psychopathology
predicts the outcome of medial branch blocks with corticosteroid for chronic axial low back or cervical pain: A prospective
cohort study. BMC Musculoskelet Disord 2009;10:22.
26. Bendinger T, Plunkett N, Poole D, et al.: Psychological
factors as outcome predictors for spinal cord stimulation.
Neuromodulation 2015;18:465–471; discussion 471.
27. Attal N, Cruccu G, Baron R, et al.: EFNS guidelines on the
pharmacological treatment of neuropathic pain: 2010 revision. Eur J Neurol 2010;17:1113–e88.
28. Piano V, Verhagen S, Schalkwijk A, et al.: Treatment for
neuropathic pain in patients with cancer: Comparative
analysis of recommendations in national clinical practice
guidelines from European countries. Pain Pract 2014;14:1–7.
29. Finnerup NB, Attal N, Haroutounian S, et al.: Pharmacotherapy for neuropathic pain in adults: A systematic review and meta-analysis. Lancet Neurol 2015;14:162–173.
30. Moore RA, Derry S, Aldington D, et al.: Single dose oral
analgesics for acute postoperative pain in adults—An
overview of Cochrane reviews. Cochrane Database Syst
Rev 2015;(9):CD008659.
31. Gorman AL, Elliott KJ, Inturrisi CE: The d- and l-isomers
of methadone bind to the non-competitive site on the Nmethyl-d-aspartate (NMDA) receptor in rat forebrain and
spinal cord. Neurosci Lett 1997;223:5–8.

163

32. Reimer M, Hullemann P, Hukauf M, et al.: Prediction of
response to tapentadol in chronic low back pain. Eur J Pain
2017;21:322–333.
33. Taskaynatan MA, Tezel K, Yavuz F, et al.: The effectiveness of transforaminal epidural steroid injection in patients
with radicular low back pain due to lumbar disc herniation
two years after treatment. J Back Musculoskelet Rehabil
2015;28:447–451.
34. Kooijman MK, Barten DJ, Swinkels IC, et al.: Pain intensity, neck pain and longer duration of complaints predict
poorer outcome in patients with shoulder pain—A systematic review. BMC Musculoskelet Disord 2015;16:288.
35. Puentedura EJ, Cleland JA, Landers MR, et al.: Development
of a clinical prediction rule to identify patients with neck pain
likely to benefit from thrust joint manipulation to the cervical
spine. J Orthop Sports Phys Ther 2012;42:577–592.
36. De Ridder D, Vancamp T, Lenders MW, et al.: Is preoperative pain duration important in spinal cord stimulation?
A comparison between tonic and burst stimulation. Neuromodulation 2015;18:13–17; discussion 17.
37. Pitsika M, Thomas E, Shaheen S, et al.: Does the duration
of symptoms influence outcome in patients with sciatica
undergoing micro-discectomy and decompressions? Spine J
2016;16(4 Suppl):S21–S25.
38. Ebert B, Andersen S, Krogsgaard-Larsen P: Ketobemidone,
methadone and pethidine are non-competitive N-methyl-daspartate (NMDA) antagonists in the rat cortex and spinal
cord. Neurosci Lett 1995;187:165–168.
39. Yaksh TL: Behavioral and autonomic correlates of the
tactile evoked allodynia produced by spinal glycine inhibition: Effects of modulatory receptor systems and excitatory amino acid antagonists. Pain 1989;37:111–123.
40. Sher GD, Cartmell SM, Gelgor L, et al.: Role of N-methyld-aspartate and opiate receptors in nociception during and
after ischaemia in rats. Pain 1992;49:241–248.
41. Mao J, Price DD, Hayes RL, et al.: Intrathecal treatment
with dextrorphan or ketamine potently reduces pain-related
behaviors in a rat model of peripheral mononeuropathy.
Brain Res 1993;605:164–168.
42. Coderre TJ, Melzack R: The contribution of excitatory
amino acids to central sensitization and persistent nociception after formalin-induced tissue injury. J Neurosci
1992;12:3665–3670.
43. van den Bogaard VA, Euser SM, van der Ploeg T, et al.:
Diagnosing perforated appendicitis in pediatric patients: A
new model. J Pediatr Surg 2016;51:444–448.
44. Schipper RJ, Moossdorff M, Nelemans PJ, et al.: A model
to predict pathologic complete response of axillary lymph
nodes to neoadjuvant chemo(immuno)therapy in patients
with clinically node-positive breast cancer. Clin Breast
Cancer 2014;14:315–322.

Address correspondence to:
Johan Haumann, MD
Department of Anaesthesiology
and Pain Management
OLVG
Postbus 9243
1006 AE Amsterdam
The Netherlands
E-mail: j.haumann@olvg.nl

