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Abstract
Purpose The effectiveness of an opioid rotation to paren-
teral hydromorphone in advanced cancer patients has never
been investigated. Therefore, the purpose of this study was
to investigate the analgesic efficacy and side effects of
parenteral hydromorphone on serious cancer-related pain.
Methods We included 104 consecutive advanced cancer
patients who were extensively pretreated with opioids.
They were rotated to parenteral hydromorphone because
they failed to achieve adequate pain relief on other opioids.
Pain intensity and side effects were daily assessed. The
moment of adequate pain control was defined as the first of
at least 2 consecutive days when the mean pain intensity at
rest was ≤4 (on a 0–10 numeric rating scale) and side
effects were tolerable.
Results The reasons for rotation to parenteral hydromor-
phone were inadequate pain control with/without expected

delivery problems due to high opioid dosages (n=61) and
intolerable side effects with persistent pain (n=43). Ade-
quate pain control was achieved in 86 patients (83%) within
a mean of 5 days. Eight of 86 patients still had side effects,
but these were scored as acceptable. The mean pain
intensity at rest decreased from 5.4 [standard deviation
(sd)=2.1] to 2.4 (sd=1.5; p<0.001). The median failure-
free treatment period was 57 days and covered a substantial
part of the median survival of 78 days in the responding
patients.
Conclusions In advanced cancer patients with serious
unstable cancer-related pain refractory to other opioids,
continuous parenteral administration of hydromorphone
often results in long-lasting adequate pain control and
should be considered even after extensive pretreatment with
opioids.

Keywords Hydromorphone . Pain . Neoplasm . Parenteral
infusions . Analgesics . Opioids

Introduction

Pain is a serious problem in patients with advanced solid
cancer. Two thirds of these patients experience pain of
whom 20% grade their pain as moderate to severe [1]. The
World Health Organization set up guidelines for treating
chronic cancer pain up to high doses of around-the-clock
opioids, striving for an acceptable pain control for the
majority of cancer patients [2, 3]. However, despite
following these guidelines accurately, 10–30% of patients
do not achieve adequate pain relief, mainly because of
uncontrolled side effects restraining them from further dose
increment [3]. For these patients, an opioid rotation, a
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change in opioid or route of administration has been shown
to be beneficial in several studies [4, 5]. Parenteral
administration of opioids (here defined as subcutaneous or
intravenous) is especially useful for rapid titration in case of
severe pain, but it is also indicated for patients with pain in
whom dose escalations are needed to doses that are no
longer convenient for oral use [6, 7]. When high doses of
opioids are indicated, potent opioids that can still be
delivered in small volumes are necessary, especially when
subcutaneous administration is desirable [8]. When paren-
teral treatment fails, more invasive techniques like epidural
and intrathecal opioid treatment are possible, although these
techniques are more expensive and hazardous [9].

Hydromorphone is a semisynthetic derivate of morphine,
with comparable efficacy and side effects to morphine when
administrated subcutaneously in low concentrations [10].
Since hydromorphone is more lipophilic than other opioids
[10, 11], it can be administrated subcutaneously in highly
concentrated solutions, making it particularly useful for
subcutaneous administration when high doses of opioids
are needed [7, 10, 12]. Based on this knowledge, it can be
hypothesized that in case of inadequate pain control and/or
uncontrolled side effects in patients who already use
opioids in high doses for moderate to severe pain, rotating
from a certain opioid to parenteral hydromorphone might
be a useful alternative. In practice, this situation will
especially occur in cancer patients with progressive disease
for whom antitumor therapy is no longer available and life
expectancy, therefore, is limited. These patients are also
often treated with earlier opioid rotations in an effort to treat
pain with tolerable side effects. However, data on the effect
of parenteral hydromorphone in such patients are lacking.

We therefore performed a descriptive, retrospective study
in extensively pretreated advanced cancer patients with
inadequate pain control or uncontrolled side effects on the
current opioids who were rotated to parenteral hydro-
morphone. The objective of this study was to investigate
the analgesic efficacy and side effects of opioid rotation to
parenteral hydromorphone, continuously administrated, on
serious cancer-related pain among this patient population.

Methods

Data were collected in our 13-bed Unit for Palliative Care
and Symptom Control (PCSC unit) in the Erasmus MC
Daniel den Hoed Cancer Center in the Netherlands. Most of
the patients admitted to our PCSC unit have already been
set on pain medication by their general practitioner or
treating physicians, either from the cancer center or from
other hospitals. Patients with severe pain despite the use of
around-the-clock opioids or patients who suffer intolerable
side effects to the used opioids are admitted for titration of

parenteral opioids. At our PCSC unit, we generally use
morphine or fentanyl for parenteral administration, depend-
ing on the opioid used before. In general, opioid rotation to
another opioid is used in case of inadequate pain control
combined with limiting opioid-related side effects; other-
wise, dose escalation is applied with the opioid in use.
Patients who suffer intolerable side effects on morphine and
fentanyl and patients with persistent pain despite multiple
dose escalations, particularly when high doses of subcuta-
neous opioids are needed to such an extent that delivery
problems (are expected to) occur because of needed
volumes, can be rotated to parenteral hydromorphone. The
decision for rotating to parenteral hydromorphone is made
by our multidisciplinary pain team. In general, patients who
are rotated to parenteral hydromorphone start with 50–75%
of the equianalgesic dose of the former opioid to allow for
incomplete cross tolerance [13]. Published equianalgesic
dose tables were used [11, 14, 15]. The subcutaneous route
is preferred unless the infusion volume of the opioid
administrated per hour is too large. Parenteral hydro-
morphone is not commercially available in the Netherlands,
but can be prepared by our hospital pharmacy in a
concentration of 10 mg/ml.

In this retrospective study, consecutive patients with
nociceptive pain set on parenteral hydromorphone between
December 2004 and June 2010 were included, thereby
using the unit’s standard systematic registration of pain
intensity and side effects. Baseline characteristics including
age, gender, type of cancer, tumor status, antitumor therapy
(radiotherapy, chemotherapy, and hormonal therapy), prior
analgesic prescription, pain intensity, side effects, and the
reason for rotation to hydromorphone were obtained from
medical records. Reasons for rotation to hydromorphone
were classified as inadequate pain control {pain intensity >4
[on a 0–10 numerical rating scale (NRS)] or uncomfortable}
often while reaching the maximum feasible volume for
subcutaneous administration of morphine or fentanyl, and
intolerable (moderate to severe; see next paragraph) opioid-
induced side effects (i.e., nausea or vomiting, constipation,
confusion, somnolence, hallucinations, and myoclonus). In
case of a combination of intolerable side effects and persistent
pain or delivery problems of subcutaneous administration of
large volumes, the reason for rotation was classified as
intolerable side effects.

After starting parenteral administration of hydromor-
phone, pain intensity and side effects were recorded twice
daily. Patients were asked to rate their pain intensity at rest
and with movement on the NRS [16]. The mean pain scores
were calculated as the means of two pain intensity scores
per day for pain at rest and pain with movement separately.
Side effects were systematically rated using a Likert scale
as none, mild, moderate, or severe. Side effects were further
dichotomized into tolerable (none or mild) or intolerable
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(moderate or severe) categories. The used dosages of the
different opioids were converted to oral morphine equiva-
lent daily doses (MED, in milligrams per day) according to
published equianalgesic dose tables: oral morphine 60 mg/
day=parenteral morphine 20 mg/day=transdermal fentanyl
25 μg/h=parenteral fentanyl 25μg/h=oral oxycodone
30 mg/day=oral hydromorphone 8 mg/day=parenteral
hydromorphone 4 mg/day [11, 14, 15].

The effectiveness of continuous administration of paren-
teral hydromorphone was evaluated by determining the
percentage of patients whose pain got adequately controlled
with continuous administration of parenteral hydromor-
phone without intolerable side effects, the change in mean
pain intensity at rest and mean pain with movement in these
patients, and the time needed to achieve adequate pain
control. The moment that adequate pain control was
reached was defined as the first day of at least 2
consecutive days in which the mean pain score at rest was
4 or less [17, 18], or in case pain measurement was not
reported, patients and physicians were documented to be
satisfied both in the absence of intolerable side effects.
Moreover, to get an impression of the duration of the effect
of parenteral hydromorphone, the failure-free period was
determined among all patients who reached adequate pain
control after rotation to parenteral hydromorphone. Failure-
free period was defined as the period from the start of
hydromorphone until death or the application of more
invasive techniques. In some patients pain was adequately
controlled with dosages of hydromorphone for which
rotation back to an oral or transdermal opioid formulation
was feasible. These patients were not considered as failures
on parenteral hydromorphone and therefore were included
in the calculation of the failure-free treatment period.
Overall survival was calculated from the start of hydro-
morphone until death or end of the study.

Statistical analysis

Data were analyzed using the Statistical Package for the Social
Science for Windows version 15.0. Descriptive statistics was
used to describe patients’ sociodemographic and medical
characteristics. Differences in mean pain intensity overtime
were tested with the t test. The failure-free treatment period
and overall survival was visualized using the Kaplan–Meier
method. July 31, 2010 was the censoring date for survival.
Reported p values are two tailed, and p<0.05 was considered
to be statistically significant.

Results

One hundred and four consecutive patients were rotated to
hydromorphone between December 2004 and June 2010.

The baseline characteristics are shown in Table 1. All
patients had advanced cancer, predominantly lung (18%),
urological (17%), breast (14%), gastrointestinal (14%), or
gynecological carcinoma (9%). The main reasons for
rotation to parenteral hydromorphone were inadequate pain
control combined with/without expected delivery problems
due to high opioid dosages [n=61, (59%)] and intolerable
side effects with persistent pain [n=43 (41%); Fig. 1].

All patients had received opioids before the start of
parenteral hydromorphone (Table 1); 19 patients (18%)
used morphine, and 79 patients (76%) used fentanyl as last
opioid before the start of hydromorphone. Patients included
in this study had serious cancer-related pain, which became
obvious in the fact that most patients were extensively
pretreated; 91 patients (88%) had been treated with two or
more opioid rotations (drug and/or route) before rotating to
hydromorphone. In addition, before rotating to parenteral

Table 1 Patient characteristics

Number

Age (years), mean (sd) 57 (13.5)

Gender

Male 57 (55%)

Female 47 (45%)

Stage of disease

Metastatic disease 91 (88%)

Local recurrence 13 (13%)

More than one pain location 82 (79%)

Anticancer treatment at start hydromorphone

No anticancer therapy 84 (81%)

Radiotherapy (within 2 weeks before start) 12 (12%)

Chemotherapy 5 (5%)

Hormonal therapy 3 (3%)

Use of atc opioids until start hydromorphonea

Oral morphine 5 (5%)

Parenteral morphine 14 (13%)

Transdermal fentanyl 38 (37%)

Parenteral fentanyl 41 (39%)

Oral oxycodone 6 (6%)

Oral hydromorphone 5 (5%)

Oral morphine equianalgesic dose (mg),
median (range)

600 (72–2,592)

Atc opioids ever used before hydromorphone

Fentanyl (transdermal or parenteral) 92 (88%)

Morphine (oral or parenteral) 66 (63%)

Oxycodone (oral) 30 (29%)

Tramadol (oral) 21 (20%)

Hydromorphone (oral) 7 (7%)

Methadone (oral) 1 (1%)

HM hydromorphone, SD standard deviation, atc around the clock
a Five patients used combination of analgesics
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hydromorphone, 74% of the patients had ever used at least
two different types of opioids and 31% at least three
different opioid types (Table 1).

The median oral MED was 600 mg/day (range 72–
2,592 mg/day) before the start of hydromorphone (Table 1).
Ninety-one patients were rotated to subcutaneous adminis-
tration and 13 patients to intravenous administration of
hydromorphone. The median oral dose of hydromorphone
at start was 48 mg/day (range 5–216 mg).

Achievement of pain control

Adequate pain control (without intolerable side effects) was
achieved in 86 out of 104 patients (83%) within a mean of
5.0 days [standard deviation (sd)=3.4; Fig. 1]. There was
no relationship between number of opioids patients used
before rotating to hydromorphone and percentage of
patients achieving adequate pain control on parenteral
hydromorphone. Before this rotation, 54 patients (52%)
had side effects [mostly somnolence (n=22) or nausea (n=
18)]. Eight of the 86 patients had side effects at adequate
pain control [mostly nausea (n=3), constipation (n=4)],

although these patients and their physicians were satisfied
with the management of the side effects and both were
unwilling to change policy. The mean pain intensity at rest
in these 86 patients significantly decreased from 5.4
(sd=2.1) to 2.4 (sd=1.5; n=78; p<0.001). The mean pain
intensity with movement significantly decreased from 7.4
(sd=1.6) to 3.8 (sd=1.5; n=53; p<0.001).

Among the 61 patients who were rotated to hydro-
morphone mainly because of inadequate pain control
with/without (expected) volume problems with parenteral
administration, 52 (85%) reached adequate pain control.
In addition, a subgroup analysis, comparing patients with
and without expected delivery problems due to high
opioid dosages, showed similar percentage of patients
receiving adequate pain control (90% vs. 83%; p=0.47).
Among the 43 patients who were rotated to hydro-
morphone mainly because of opioid-related side effects,
adequate pain control with tolerable side effects was
reached in 34 (79%, Fig. 1). In both groups of successfully
treated patients, mean pain intensity scores at rest and with
movement decreased significantly with titration of hydro-
morphone (Table 2).

104 patients 

Pain and/or delivery 
problems (n=61) 

Side effects (n=43) 

Reached 
adequate pain control * 

(n=52) 

Did not reach 
adequate pain control* 

(n=9) 

Did not reach 
adequate pain control* 

(n=9) 

Died with adequate 
pain treatment 

(n=33) 

Rotated to oral/ 
transdermal opioids 

(n=7) 

Reached 
adequate pain control* 

Still using HM (n=5) 

Died with adequate 
pain treatment 

(n=16) 

Rotated to oral/ 
transdermal opioids 

(n=10) 

Still using HM (n=3) 

Ultimately rotated to spinal 
analgesia (n=6) or treated 

by nerve block (n=1) 

Ultimately rotated to 
spinal analgesia 

(n=5) 

(n=34)

Fig. 1 Opioid rotation to paren-
teral hydromorphone: summary
of indications and clinical effec-
tiveness. Asterisk indicates ade-
quate pain control=mean pain
score in rest ≤4 (or when
patients and physicians were
satisfied) in the absence of
intolerable side effects

Table 2 Pain intensity scores in patients successfully rotated to parenteral hydromorphone

Total (n=86) Pain (n=52) Side effects (n=34)

T0 T1 T0 T1 T0 T1

Daily dose hydromorphone (mg), median (range) 48 (5–144) 48 (5–144) 48 (12–144) 65 (10–144) 24 (5–72) 34 (5–96)

Pain at rest, mean (sd) 5.4 (2.1) 2.4 (1.5)* 5.7 (2.2) 2.6 (1.5)* 4.8 (1.8) 2.1 (1.4)*

Pain with movement, mean (sd) 7.4 (1.6) 3.8 (1.5)* 7.5 (1.7) 3.5 (1.6)* 7.1 (1.6) 4.2 (1.4)*

*p<0.001

T0 baseline, T1 at adequate pain control
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Eighteen patients (17%) did not reach adequate pain
control. Six patients died before reaching adequate pain
control with parenteral hydromorphone (2–13 days); two of
them were treated with palliative sedation in their terminal
phase because of refractory pain and dyspnea. Twelve
patients failed because of inadequate pain control and/or
uncontrolled side effects. Ten of them were given spinal
analgesia; one patient received a nerve block, and in one
patient the intervention used was unknown.

Duration of effect on hydromorphone and overall survival

Among the 86 patients who achieved adequate pain control
on parenteral hydromorphone, 74 patients (86%) did not
undergo further invasive procedures, 49 patients (57%) died
while still on parenteral hydromorphone, 17 patients (20%)
were rotated to oral or transdermal opioids, and 8 patients
(9%) were still using parenteral hydromorphone at the time
of data collection. Eleven patients ultimately rotated to
spinal analgesia and 1 patient received a nerve block
(Fig. 1).

The median failure-free treatment period of the 86
responding patients was 57 days (range 2–1,094 days),
whereas their median duration of survival was 78 days
(range 3–1,094 days). At the end of follow-up, ten patients
were still alive (Fig. 2).

Other possible influencing factors

At baseline, 100 patients (96%) used adjuvant analgesics
while rotated to parenteral hydromorphone (Table 3).
Ninety one of them used two or more adjuvant analgesics
at baseline. In the 86 patients who reached adequate pain
control, adjuvant analgesics were changed in 41 of them
(Table 3). For example, six patients already used S(+)-
ketamine before starting parenteral hydromorphone, three
of them stopped with S(+)-ketamine before their pain was
adequately treated. Thirteen other patients started with S
(+)-ketamine between the start of parenteral hydromor-
phone and the moment adequate pain control was achieved
(Table 3). A subgroup analysis comparing patients with and
without the use of S(+)-ketamine showed similar percen-
tages of patients achieving adequate pain control (87% vs.
82%, p=0.54). Although a longer period was needed to
achieve adequate pain control in those patients who used S
(+)-ketamine compared to those who did not (median of 7
vs. 3 days; p=0.004), the median dosage of hydromorphone
at start and at the moment of reaching adequate pain control
was similar in both groups. Haloperidol was added in four
patients to control their side effects. Dexamethasone was
added in three patients while having radiotherapy (Table 3).
Thirteen patients received radiotherapy within 2 weeks
before starting parenteral hydromorphone or during therapy
with hydromorphone (Table 1) and achieved adequate pain
control within a median of 6 days.

Discussion

In the present study, we have shown that parenteral
hydromorphone is highly effective in advanced cancer
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Table 3 Adjuvant (analgesic) medication

All patients
(n=104)

All patients who reached
adequate pain control (n=86)

At the start of
hydromorphone
treatment,
n (%)

At the start of
hydromorphone
treatment,
n (%)

At adequate
pain control,
n (%)

Acetaminophen 89 (86) 74 (86) 74 (86)

NSAIDs 77 (74) 65 (76) 68 (79)

S(+)-ketamine 9 (9) 6 (7) 16 (19)

Antidepressants 19 (18) 16 (19) 11 (13)

Anticonvulsants 48 (46) 39 (45) 15 (18)

Dexamethasone 5 (5) 5 (6) 8 (9)

Haloperidol 15 (14) 10 (12) 14 (16)

Methylphenidate 3 (3) 3 (4) 4 (5)

NSAIDs nonsteroidal anti-inflammatory drugs
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patients with serious cancer-related pain who were exten-
sively pretreated with opioids. Eighty-three percent of the
patients achieved adequate pain control with tolerable side
effects within a mean of 5 days. Moreover, among 86% of
these patients, the pain was adequately controlled until
death without the need of further invasive procedures. The
median failure-free treatment period of 57 days covered a
substantial part of the median survival of 78 days in the
responding patients. Thus, in advanced cancer patients with
severe cancer-related pain despite the use of several lines of
opioids, rotation to continuous parenteral administration of
hydromorphone seems an elegant, highly effective option.

For patients who fail on a certain opioid, opioid rotation
is regularly used, either as a change in the opioid drug or as
a change in the route of administration. However, it is
unknown whether opioid rotation is the choice to make in
extensively pretreated cancer patients. In Table 4 all
currently published prospective and retrospective studies
on opioid rotation are described. In most studies the patient
population was unclearly described. Moreover, only five
studies gave some indication that advanced cancer patients
were included in the study [19–23]. Unfortunately, these
studies reported only over a short period of follow-up (7–
28 days) and clear information on previous opioid use was
lacking (Table 4). Finally, none of these studies reported a
rotation to parenteral hydromorphone. Thus, with the
current study, we are the first to show that an opioid switch
to parenteral hydromorphone in a well-described, exten-
sively pretreated advanced cancer patient population is a
suitable and highly effective possibility.

In advanced cancer patients, subcutaneous administra-
tion of opioids is preferable to intravenous administration
since it is more useful in the outpatient setting, has a lower
risk of complications like infections, and is less expensive
[12, 24]. Since hydromorphone can be administered in high
concentrations in very low volumes subcutaneously, it has been
found to be useful when high doses of opioids are needed [12].
In our center, the maximum volume given subcutaneously is
2 ml/h for morphine and hydromorphone and 4 ml/h for
fentanyl. Morphine and hydromorphone are available in
concentrations of 10 mg/ml, fentanyl in a concentration of
50μg/ml. In a substantial part of our patients, it was not possible
to titrate morphine or fentanyl subcutaneously anymore because
of too large volumes needed. To circumvent this problem,
higher concentrations of opioids per milliliter could be prepared.
However, in our experience, this often leads to an unacceptable
high percentage of annoying local skin infiltrations.

There are several limitations that should be considered in
interpreting the results of our study. First, it is a retrospec-
tive study. However, even though the definitions of the
outcome measures were made retrospectively, the patients
were evaluated prospectively for pain intensity and side
effects. Due to the retrospective design, we were not able to

give a complete overview of the analgesics patients had
used before they were treated in our hospital. It is thus
likely that the analgesics presented in Table 1 are an
underestimation of the previously used analgesics. Second,
this study was a single-center study, which hampered the
extrapolation of the results. Third, adequate pain control
could be due to concomitant treatment with S(+)-ketamine
or undergoing radiotherapy instead of an effect of hydro-
morphone alone. A pain-reducing effect of using S(+)-
ketamine could not be excluded, although it seems not very
likely. Besides the pain-reducing effect, S(+)-ketamine has
been suggested to restore opioid sensitivity for its analgesic
effects thereby diminishing the opioid doses needed to
achieve adequate pain control. Due to the fact that the
success rate in patients with and without S(+)-ketamine was
the same in the subgroup analysis, the main effect we found
in this study is most likely caused by hydromorphone. As
far as radiotherapy is concerned, the effect of radiotherapy
on pain relief can be expected after 2–4 weeks [25, 26]. Given
the fact that patients with radiotherapy received adequate pain
control within a median of 6 days, a pain-reducing effect of
radiotherapy in these patients cannot be fully excluded.

In conclusion, in patients with advanced cancer and serious
unstable cancer-related pain refractory to other opioids,
parenteral continuous administration of hydromorphone
seems effective and should be considered even after extensive
pretreatment with opioids. In this vulnerable patient popula-
tion, often in their last weeks to months of life, adequate pain
management is of the utmost importance. However, until now,
opioid rotation is used by trial and error. For individual
patients, underlying factors related to beneficial and detri-
mental effects of specific opioids are unknown. For optimiz-
ing patient-tailored opioid therapy, insights in underlying
pharmacodynamic mechanisms are eagerly awaited.
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