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Purpose: In this prospective clinical trial we examined the

technique of opioid rotation to oral sustained-release hydromor-

phone for controlling pain and symptoms in outpatients with

cancer pain.

Methods: Before and after rotation, 50 patients were assessed by

Numerical Analog Scales [Numerical Rating Scales (NRS)], or

as categorical parameters, and analyzed by descriptive and

confirmatory statistics (ANOVA, Wilcoxon, w2).

Results: Rotation was successful in 64% of patients experiencing

pain (60%), and gastrointestinal (32%) and central (26%)

symptoms under oral morphine (38%), transdermal fentanyl

(22%), tramadol (20%), oxycodone (12%), or sublingual

buprenorphine (8%). NRS of pain (4.1 to 3.2; P=0.015),

gastrointestinal symptoms, especially defecation rates (P=0.04),

and incidence of insomnia improved after an increase in

morphine-equivalent doses from 108.9 to 137.6mg/d without

modifying concomitant analgesics or coanalgesics.

Conclusions: Switching the opioid to oral hydromorphone may

be a helpful technique to alleviate pain and several symptoms,

but it is still not clear to what extent the underlying mechanisms,

such as the technique of rotation itself, better dose adjustment,

or using a different opioid have an impact.
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Pain and symptoms have a negative impact on the
quality of life of patients with cancer pain. Despite the

publication of guidelines, many patients still suffer from

inadequate analgesia and experience side-effects from
their opioid medication, forcing them to discontinue
opioid therapy.1–4

Various schemes for the management of opioid-
related symptoms comprise the use of several substances,
for example, laxatives, antiemetics, and psychotropic
drugs. However, improvements in the incidence and
severity of symptoms have also been attributed to the
technique of rotating opioids. Few prospective investiga-
tions have been published on pain and side-effects after
rotation of cancer patients to oral sustained-release
hydromorphone, especially on hydromorphone.5,6 There-
fore, we evaluated the technique of opioid rotation for the
management of pain and symptoms by administering oral
sustained-release hydromorphone to outpatients with
outpatient cancer pain.

METHODS

Study Design, Assessment
This investigation was a controlled, prospective,

observational cohort study. Data were collected over a
period of 5 consecutive days before and after rotation to
hydromorphone, interrupted by an adaptation period of 14
days. Demographic and general medical data, for example,
age, sex, cancer diagnosis, concurrent diseases or disorders,
were obtained by examining and interviewing the out-
patients directly. Patients assessed their own general
condition on a 100mm scale at the beginning of the
investigation (0=worst condition, 100=no impairment,
best condition).

Pain at rest was assessed via Numerical Rating
Scales (NRS, 0-10, 0=no pain, 10=worst pain imagin-
able), at 4 time points over 5 consecutive days (7.00 AM,
1.00 PM, 7.00 PM, and 10.00 PM).

The investigators filled in a standardized questionnaire
form listing central, gastrointestinal, and other symptoms.
Patients rated the symptoms sedation, dizziness, nausea,
‘‘the subjective sensation of being constipated,’’ dry mouth,
and itching by 11 step NRS Scales (NRS, 0-10, 0=no
symptom, 10=worst symptom imaginable) (numerical
parameters). Incidences of myoclonic jerks, insomnia,
emesis, and defecation rate that could not be rated by
NRS were counted (categorical parameters).Copyright r 2006 by Lippincott Williams & Wilkins
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Patients
After approval by the local ethics committee and

informed written consent, 50 patients were enrolled in the
study provided they met one of the following inclusion
criteria: insufficient control of pain (defined as pain at rest
with an NRS higher than 4) or symptoms (defined by an
NRS higher than 4 for ‘‘numerical’’ variables and for
‘‘categorical’’ variables), incidence of emesis, insomnia,
more than 2 myoclonic jerks per day, and a stool-free
interval of more than 72 hours in the previous 7 days.
Further inclusion criteria were: cancer-related nociceptive
pain, outpatient treatment, a good general condition with
the ability to walk unaided, and current opioid therapy,
according to WHO-scheme stage II and III, with opioids
other than hydromorphone. Criteria for exclusion com-
prised: communication deficits, neuropathic pain, hepatic or
renal impairment, conditions likely to interfere with oral
administration or drug absorption in the gastrointestinal
tract, being bed-ridden, infections, chemotherapy, radio-
therapy, entering the terminal phase, prior history of drug
addiction or alcohol abuse, and concurrent treatment with
further opioids.

Medications
For opioid rotation, patients received an oral

formulation hydromorphone (capsule), a semisynthetic
strong opioid with mu-agonist properties, and a pro-
longed duration of action of 12 hours. Its oral bioavail-
ability is similar to morphine. Most references display an
equivalence factor to morphine of 5 rather than 7.5.7–14

During the course of the study, no other opioids or
formulations of hydromorphone were allowed. Despite
other recommendations or guidelines, breakthrough pain
was treated with the oral sustained-release formulation of
hydromorphone, as no oral immediate-release formula-
tion was available in Germany at the time of this
investigation. Patients were instructed to contact us at
any time, day or night, if pain, symptoms, or other
problems should arise. If this happened, the medication
was to be interrupted and replaced by more effective
procedures.

The administration of nonopioids, such as nonster-
oidal antiinflammatory drugs (NSAIDs), and adjuvants,
for example, antidepressants, anticonvulsants, laxatives,
or benzoediazepines, that had been part of the patients’
treatment, were continued at the same dose levels, to
exclude the influence of further changes of substance.

Rotation Policy
Rotation was performed if patients fulfilled the

inclusion criteria. After calculating the individual mor-
phine-equivalence dosages of the previous opioids,
patients were rotated to hydromorphone (conversion
factor morphine: hydromorphone=morphine 5:1), start-
ing with 66% of the morphine-equivalent dosage over an
adjustment period of 2 weeks, and were supervised
carefully by the doctors and nurses of the outpatients’
clinic of the department for Anesthesiology and Intensive
Care Medicine of the University of Bonn, Germany.7–12

We defined a successful rotation by an improvement of at
least 2 points in the NRS of pain at rest or of a symptom
that had been a cause for rotation. In contrast, rotation
was rated as unsuccessful if NRS did not improve by at
least 2 points, or even deteriorated by more than 2 points.

Data Documentation and Analysis
All data obtained were documented in an electronic

SPSS database, created specially for this purpose.
Descriptive statistics analyzed demographic data, the
use and dosages of all drugs, NRS scores of pain, and
various symptoms at all time points.

Confirmatory statistics of symptoms were per-
formed if more than 5 patients showed symptoms.
A multivariate ANOVA procedure was performed to
detect differences at all time points in each period. For
numerical parameters we analyzed the mean scores for
pain or symptoms from 5 consecutive days before and
after rotation, using the nonparametric Wilcoxon test,
and, similarly, for categorical parameters, the w2 test.
Statistical significance was defined as P<0.05.

RESULTS

Demographic and General Medical Data
Between the start of the study (March 1, 2001) and

the end of the study (August 1, 2004) 50 outpatients
(12 women, 38 men, mean age 60.4±11.3, minimum 31,
maximum 79, median 62 y) participated in the study. No
patient withdrew from the study, no severe impairments
of vital signs were observed. The majority of patients
suffered from gastrointestinal or genitourinary cancers.
Although no patient was bed-ridden, some patients were
only able to walk short distances and had an inferior
general condition. Pain was nociceptive in all patients, in
19 of them characterized as somatic and in 31 as visceral
pain. Somatic nociceptive pain was exacerbated in
4 patients by movement (Tables 1, 2).

Indications for Rotation
The main indications for rotation, besides insuffi-

cient control of pain, were gastrointestinal symptoms and
various central nervous effects. Eighteen patients suffering
from insufficient pain control revealed 1 further symptom,
one 2 further symptoms, and 4 patients at least 3
symptoms (Fig. 1).

TABLE 1. Demographic and Medical Data, n = 50 Patients

Parameter

Gender (m/f) 12/38
Mean age (y) (minimum�maximum) 60.4 (31� 79)
General condition (0=worst� 100 best)
(minimum�maximum, SD)

37.4 (3� 81, ±20.4)

Walking distance less than 200m (n) 5
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Analgesics

Opioids
The mean duration of a previous opioid therapy

before rotation was 25.8 weeks (minimum 1wk, max-
imum 104wk, SD±30.8). Before rotation, opioid use
comprised oral controlled-release formulations of mor-
phine (n=19) or oxycodone (n=6), tramadol (n=10),
transdermal fentanyl (n=11), or sublingual buprenor-
phine (n=4). Patients with fentanyl patches (7 out of 11),
patients with sustained-release tablets of morphine
(14 out of 19) or oxycodone (3 out of 6) received fast-
acting formulations of morphine tablets as rescue
medication, whereas patients with sustained-release tra-
madol (6 out of 10) were given tramadol drops
additionally. Patients (3 out of 4) on continuous
medication with buprenorphine took further sublingual
tablets in the event of breakthrough pain. Including their
rescue medications, patients’ daily mean morphine-
equivalent doses for opioids were: transdermal fentanyl
279.5mg/d, morphine 60.5mg/d, oxycodone 120.0mg/d,
tramadol 130mg/d, and buprenorphine 60mg/d.

After rotation, daily mean morphine-equivalent dos-
age changed from 108.9mg (SD±115.8 median 60,
minimum 10, maximum 600mg/patient/d) to 137.6mg/d
(SD±117.2, median 80, minimum 20, maximum 480mg/d)
(P=0.07, which was insignificant). The dosage of oral
controlled-release hydromorphone was 27.5mg/d (SD±
23.4, median 16, minimum 4, maximum 96mg/d), with
a mean of single doses of 12.4mg (SD±9.9, median
8, minimum 4, maximum 48mg).

Forty-five patients received hydromorphone twice
per day, and 5 more frequently. To treat pain caused by
mobilization (walking), doses for a regular single addi-
tional administration of hydromorphone were 8mg once
a day each in 3 patients, and 20mg (16mg+4mg capsule)
in 1 patient. According to his personal request, a fifth
outpatient received 16mg at 4 time points, as he was used
to taking analgesics at these times. Despite the slow
pharmacokinetic action, patients rated this pain manage-
ment as effective. No patient required further opioids or
additional dose adjustment. No patient required further
opioids or additional dose adjustment.

NSAIDs
Use of NSAIDs comprised celecoxib (19 patients,

mean daily dose 389.5±45.9, median 400, minimum 200,
maximum 400mg/d), valdecoxib (8 patients mean daily dose
23.4±4.4, median 25, minimum 12.5, maximum 25mg/d),
or ibuprofen (3 patients mean daily dose 1166.7±351.2,
median 1200, minimum 800, maximum 1500mg/d). Ad-
ditionally, 25 patients received dipyrone drops (mean daily
dose 3.9±1.1, median 4, minimum 2, maximum 6g/d),
which is available in Germany, and 2 patients flupirtine
(mean daily dose 250, minimum 200, maximum 300mg/d).

Coanalgesics
As psychotropic and sleep-inducing medication, 18

patients received amitriptyline (n=15, 25mg/d; n=3,
10mg/d), and 1 patient lorazepam (2.5mg/d). As
antiemetics, 14 patients took metoclopramide (mean
8mg/d), 4 ondansetron (mean 4mg/d), and one 2mg/d
of haloperidol. Despite the policy of prescribing laxatives,
15 patients received no laxatives because they refused.
Twelve patients received sodium picosulfate (mean
18.2mg/patient), 20 polyethylene glycol (mean 1.35
sachets=18.6 g/patient), and 4 other laxatives.

Pain
Mean NRS for pain of both assessment periods

differed significantly, as shown in Table 3. During the
assessment period of 5 days, the NRS for pain did not
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FIGURE 1. Indications for opioid rota-
tion and original opioids, n = 50 patients
multiple answers possible. SR indicates
sustained-release.

TABLE 2. Cancer Diagnoses, n = 50 Patients

Cancer Diagnosis Number

Urologic cancer 16
Gastrointestinal cancer 12
Lung cancer 7
Breast cancer 4
Gynecologic cancer (except breast cancer) 3
Others (lymphoma, melanoma, etc.) 8
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vary significantly between day 1 and 5 (before rotation:
P=0.66, after rotation: P=0.34). The mean NRS for
pain obtained at different time points were similar (before
rotation: 7.00 AM: mean 4.7, median 4, SD±2.8; 1 PM:
mean 4.5, median 4, SD±2.4; 7 PM: mean 4.5, median 4,
SD±2.5; 10 PM: mean 3.9, median 3, SD±2.3; after
rotation: 7.00 AM: mean 3.4, median 3, SD±2.3; 1 PM:
mean 3.4, median 3, SD±2.0; 7 PM: mean 3.2, median 3,
SD±1.9; 10 PM: mean 2.8, median 3, SD±1.7).

Central Symptoms
Central symptoms, such as day-time sedation,

dizziness, myoclonic jerks, or nightmares were rare (Table
3, Tables 4A, B).

Gastrointestinal Symptoms
Rotation reduced the number of patients suffering

from emesis from 9 to 4 (P=0.34) (only 6 of them with
an NRS for nausea >4), whereas their mean NRS for
nausea decreased from 4.5 to 2.3 (P=0.07). Overall,

mean NRS for nausea of all patients changed, but the
change was insignificant. Nine patients demanded rota-
tion because of emesis, but further patients with this
symptom did not request rotation because of emesis, but
for other reasons.

Constipation was the reason for rotation in 11
patients, leading to improvements in mean NRS for
constipation from 5.9 to 4.3 (P=0.09) (mean of all
patients: 2.4 to 2.0) and in mean daily defecation rates
from 0.1 to 0.5 (P=0.04) (entire sample 1.0 to 0.9). The
number of patients with a stool-free interval of more than
72 hours fell from 4 to 2.

Other Symptoms
Generally, the impact of itching and dry mouth was

rated as low. Insomnia was the reason for opioid rotation
in 23 cases. Eighteen of these 23 patients suffered
primarily from pain. In contrast, 18 of the 30 patients
with pain as their main complaint suffered from insomnia.
The overall incidence of insomnia in the entire population
improved (Tables 3, Tables 4A, B).

TABLE 3. Rotation Due to Pain and Symptoms: Changes Symptoms in Various Subgroups Multiple Answers Possible

Numerical Parameters

Indication (NRS >4) Patients Rotated (n)

Before Rotation NRS

(Mean, SD)

After Rotation NRS

(Mean, SD) Statistical Significance P

Pain 30 4.1±2.3 3.2±1.7 0.015
Sedation 2 5 5 Not done
Itching (pruritus) 1 5 3 Not done
Nausea 9 4.5±3.5 2.3±2.9 0.07
‘‘Feeling constipated’’ 11 5.9±1.8 4.3±2.9 0.09
Incidence
Defecation rate/patient/d 11 0.1 0.5 0.04

Categorical Parameters—No. Patients With Symptoms

Indication Patients Rotated (n) Before Rotation (n) After Rotation (n) Statistical Significance P

Stool free interval >72h 4 4 2 Not done
Emesis 9 9 4 0.3
Myoclonus 6 6 4 Not done
Nightmares 5 5 3 Not done
Sleep onset insomnia 16 16 8 0.1
Sleep maintenance
insomnia

23 23 12 0.1

NRS, 0-10, 0=no pain or symptom, 10=worst pain or symptom imaginable.

TABLE 4A. Self-rated Symptoms of the Entire Population:
Changes in Mean NRS

Symptom

Before Rotation

NRS

(Mean, SD)

After Rotation

NRS

(Mean, SD)

Statistical

Significance P

Dizziness 1.0±1.4 1.0±1.4 Not done
Sedation 2.6±1.5 2.8±1.7 0.5
Dry Mouth 1.7±1.9 2.0±2 0.4
Itching
(Pruritus)

0.4±1.3 0.2±0.7 0.6

‘‘Feeling
constipated’’

2.4±2.5 2.0±2.5 0.1

Nausea 1.5±2.1 1.2±1.6 0.2

NRS, 0-10, 0=no symptom, 10=worst symptom imaginable; n=50.

TABLE 4B. Symptoms of the Entire Population: Mean
Incidences Calculated per 24 Hours

Symptom

Before Rotation

Incidence/24 h

After Rotation

Incidence/24 h

Statistical

Significance P

Emesis 0.2 0.1 0.3
Defecation/day 0.9 0.9 0.7
Myoclonus 0.2 0.2 0.5
Nightmares 0.1 0.1 0.5
Onset insomnia 0.3 0.2 0.02
Maintenance
insomnia

0.5 0.2 0.003

n=50.
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Efficacy of Rotation
Rotation was successful in 32 patients (64%). Pain

(17) and/or symptoms (31) improved after switching from
sublingual buprenorphine (3 out of 4 patients), transder-
mal fentanyl (8 out of 11), oral tramadol (7 out of 10),
morphine (11 out of 19), and oxycodone (3 out of 6).

In 16 patients (32%) who did not show changes in
pain or symptoms, the original opioids were oral
oxycodone (3 out of 6), tramadol (3 out of 10),
transdermal fentanyl (3 out of 11), sublingual buprenor-
phine (1 out of 4 patients), or oral morphine (5 out of 19).
Symptoms even worsened (sedation, constipation) in 2
patients previously on morphine. In these 18 patients
outpatient pain therapy was complicated, and some
patients required referral to hospital.

DISCUSSION

Study Design, Patients and Methods
In contrast to prior investigations, we chose a

controlled, prospective, observational design5,7,9,15 and
referred strictly to the oral route of opioid administration,
using sustained-release hydromorphone.5,16

Most rotation studies include patients with advanced
cancer who are in hospital, palliative care units or hospices.
In contrast, our interest focused on outpatients with purely
nociceptive pain, taking into account a different variety of
symptoms or less severe symptoms. In accordance with
similar data from palliative care units, 50 patients in our
pain clinic presented with reasons for rotation of the
opioid over a period of more than 3 years.17

The heterogeneity of our patients’ demographics,
cancer diagnoses, and prior opioid treatments is consis-
tent with prior references representing clinical ‘‘real life’’
scenarios. In contrast to other studies, our sample
revealed no organ malfunctions. This was attributable
to the ‘‘outpatient’’ status.18,19

This study underlines the impact of symptoms in an
outpatient setting in particular. Sometimes, references
bypass clear definitions of symptoms, for example,
constipation. By means of a structured protocol using
NRS for quantifying the subjective impact of symptoms
and the observation of incidence, this investigation
followed precisely defined rules to avoid indistinct and
unbiased estimates despite the unblinded nature of this
study.14,19,20

In contrast to other studies, we did not find
significant alterations in all symptoms. Possibly, enrolling
larger numbers of patients into prospective, randomized,
double-blind studies would produce significant differences
in more symptoms. Nonetheless, we were restricted to an
observational design, due to ethical issues.17

In contrast to previous reports we demonstrated
obvious improvements in gastrointestinal symptoms in
patients who had demanded rotation for those symptoms.
These were partly insignificant.5,11 Otherwise, improve-
ments in these subgroups did not alter the frequency or
severity of these symptoms in the population as a whole.

Because of the small number of outpatients present-
ing central symptoms as reasons for rotation, a statistical
analysis of subgroups was not feasible, whereas the entire
sample exhibited only slight variations. Major neuropsy-
chiatric symptoms, such as hallucinations or agitation,
did not develop at all. With regard to other references
we would have expected greater changes in CNS symp-
toms, particularly after rotation.5,10–12,18 This again
might correlate with the better state of health of the
outpatients.

An improvement in insomnia in a subgroup rotated
for this symptom was not significant. We interpret the
decrease in incidence of sleeping disorders in the entire
sample as a result of a more effective pain therapy after
opioid rotation.7,10

However, the symptoms of most patients were
alleviated, although a third of the patients (n=18) still
suffered from symptoms. This may relate to the variety of
symptoms. Unfortunately, the number of patients (50)
and the smaller size of the subgroups with different cancer
diagnoses or previous opioids did not allow a confirma-
tory analysis of possible influences of those determinants.

In our heterogeneous sample, a ‘‘low’’ or ‘‘medium
dose opioid therapy’’ correlated to pain and symptoms
indicating rotation. Sometimes, calculations of mean
opioid dosages are omitted in such heterogeneous
populations.8

The higher frequency of successful switches from
sublingual buprenorphine, transdermal fentanyl, and oral
tramadol to oral hydromorphone might be due either to
the mode of administration or to substance effects, and
not to the technique of rotation itself.20–24

In particular, this may be relevant for the mild mu-
agonist tramadol, because of its additional serotonergic
and noradrenergic properties. Although tramadol is
classified as a step II opioid on the WHO ladder, prior
references also enroll patients with tramadol in rotation
studies for pragmatic reasons.8

Furthermore, the scope of daily mean morphine
equivalents in groups with different previous opioids (60 to
nearly 300mg/d) may indicate inadequate dosing before
rotation, at least in patients on morphine or tramadol.

Following rotation to hydromorphone, patients
tolerated higher morphine-equivalent doses (increase of
about 25%). The conversion factors for hydromorphone
and morphine are still being discussed. In agreement with
our clinical practice and in accordance with a majority of
references, we chose a conversion ratio of 1:5, creating
statistically insignificant results.7–12 Even so, other
references report a conversion factor of 1:7.5, which
would have produced significance of mean morphine-
equivalent doses.11,14,15

Despite the presence of symptoms, outpatients
demonstrated variations in their willingness to use the
prescribed coanalgesics, especially laxatives. In the
absence of symptoms, these patients might have been
able to tolerate higher doses of their previous opioid.
Thus, during this study, the technique of rotation itself
may have been less effective than a more effective dose, or
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closer monitoring of outpatients. However, despite
the increase in morphine-equivalent doses, symptoms
were alleviated in 2/3 of patients without changing the
concomitant medication used for symptom control.

Although the use of sustained-release formulations
for the treatment of breakthrough pain does not accord
with clinical guidelines, 4 patients benefited from this
procedure. Because a fast acting oral hydromorphone is
now available in our country, this procedure is no longer
warranted. The decrease in the use of rescue medication
(from 30 to 4 patients) might imply a more effective pain
therapy post rotation. However, it is still not clear whether
this improvement is due to the technique of rotation itself,
the increasing opioid dose, or a better pharmacokinetic
profile of the substance hydromorphone.

Several opioids have been examined as suitable
‘‘target’’ substances for rotation, for example, fentanyl,
methadone, or hydromorphone. The efficacy and safety
of hydromorphone have been demonstrated in prior
investigations.7,16,17,20,25

Again, our study underlines the benefits of rotating
to this substance by the reduction in pain and symptoms.
Its pharmacokinetic properties, such as a strong first-pass
metabolism and a small plasma-protein binding, might be
advantageous in cancer patients. Previous data on hydro-
morphone demonstrated the low impact of glucuronides
on palliative-care patients, even those with organ dysfunc-
tions, resulting in a low incidence of symptoms.5,7,9,15,26

CONCLUSIONS
It is still not clear whether the mere technique of

rotation, better dose adjustment, or the use of several
different opioids caused the improvements in pain and
symptoms. However, our investigation demonstrates the
possible advantages of switching to hydromorphone if
there is inadequate pain and symptom control.
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