
abstract

Tramadol (Ultram, Ortho-McNeil Pharmaceutical, Inc.,

Raritan, NJ) is considered a Step 2 analgesic under the

World Health Organization’s guidelines for the treatment of

patients with cancer pain. It is a centrally acting analgesic

that has affinity for opioid receptors and influences the

action of norepinephrine and serotonin at the synapse. This

dual mechanism of analgesia makes it unique among Step

2 agents. It is metabolized by CYP2D6, which increases the

potential for drug interactions. Unlike other opioids, it does

not cause respiratory depression. Tramadol has been stud-

ied in cancer pain and neuropathic pain. It compares well

with low-dose morphine as an analgesic. The purpose of this

review is to critically examine the pharmacodynamics,

pharmacology, drug interactions, and adverse effects of the

drug, and, based on the data presented, discuss the drug’s

role in cancer care. 
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introduction

Pain is one of the most common and incapacitating symp-
toms experienced by patients with advanced cancer. Current
treatment is based on the World Health Organization
(WHO)’s concept of an “analgesic ladder,” which involves a
stepwise approach to the use of analgesic drugs.1 Medication
potency increases at each step of the WHO ladder, from
nonopioid (Step 1; e.g., aspirin and nonsteroidal anti-inflam-
matory drugs) through weak (Step 2) opioids (e.g., codeine)
plus a nonopioid, to strong opioids (Step 3; e.g., morphine)
plus a nonopioid analgesic.2 Tramadol (Figure 1) is consid-
ered a Step 2 analgesic under the WHO guidelines for the
treatment of patients with cancer pain.3 Tramadol is a cen-
trally acting analgesic that possesses a dual mechanism of
analgesia.1 It is a racemic compound that has affinity for opi-
oid receptors and also affects the actions of norepinephrine
and serotonin at the synapse.4

pharmacodynamics

Tramadol and its chief metabolite (M1) are racemic

compounds.5 The parent compound, the enantiomers of
the parent compound, and the enantiomers of the chief
metabolite all have different affinities for opioid receptors
and have different effects on adrenergic and serotonergic
metabolism at the synapse.6

opioid receptor interaction

Tramadol has low affinity for opioid receptors.
Comparatively speaking, its affinity for µ-opioid recep-
tors is several thousand-fold less than that of morphine
and 10-fold less than that for codeine.6 The parent com-
pound and its enantiomers have no interaction with the
d-opioid receptor and have an extremely weak interac-
tion with the k-opioid receptor.5 Of the metabolites, the +
enantiomer of the M1 metabolite has the highest affinity
to µ-opioid receptors (Ki 153).5 The preceding suggests
that the relative contributions of tramadol and M1 to
human analgesia depend on the plasma concentrations
of each compound.

interaction with the monoaminergic system

It is well known that analgesia can be achieved cen-
trally and peripherally by interference with a variety of
neurotransmitter systems (nonopioid mechanisms).7 Pain
control is subject to descending modulation by brainstem
groups such as the locus coeruleus/subcoeruleus and the
raphe complex, containing noradrenaline (NA) and sero-
tonin (5-HT), respectively.8 Tramadol has effects on the
serotonin and noradrenergic systems.9 The ability to
interfere with the monoaminergic system occurs at con-
centrations at which it binds to µ-opioid receptors.10

Interestingly, tramadol has strong structural similarities to
the antidepressant venlafaxine, which has effects on NA
and 5-HT at the synapse.11

noradrenergic effects

Enantiomers of tramadol and its chief metabolite act dif-
ferently on the noradrenergic system. In locus coeruleus
brain slices, racemic tramadol and its (+)- and (-)-enan-
tiomers significantly increased stimulated norepinephrine
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efflux.12 However, only (-)-tramadol blocked norepi-
nephrine reuptake. The chief metabolite M1 also affects
the noradrenergic system. The (+)-M1 metabolite causes
NA release, whereas the (-)-M1 metabolite blocks NA
uptake.13 Clinically, administration of a2-adrenoceptor
antagonists such as yohimbine can affect the analgesia of
tramadol.14

effect on serotonergic pathway

The parent compound, its enantiomers, the chief
metabolite, and its enantiomers have different effects on
5-HT at the synapse. Studies involving the actions of (+/-)
-tramadol, (+)-tramadol, (-)-tramadol, and O-desmethyl-
tramadol (M1 metabolite) in dorsal raphe nucleus brain
slices have revealed that racemic tramadol and its (+)-
enantiomer significantly block 5-HT uptake and increase
stimulated 5-HT efflux.7 The (-)-enantiomer of tramadol
and its metabolite, M1, are inactive.7

other receptor interactions

Tramadol inhibits muscarinic type-3 receptor function,
which primarily mediates smooth muscle contraction and
glandular secretion.15 Tramadol has no effect on arachi-
donic acid metabolism and does not interact with non -
steroidal anti-inflammatory drugs.16

pharmacokinetics/routes of administration

Tramadol has been administered orally, rectally, intra-
venously, intramuscularly, subcutaneously, and via
regional anesthesia.17 The intravenous and rectal forms

are unavailable in the United States. In the United States,
the immediate-release form is available as tablets and is
marketed as Ultracet (conjugated to acetaminophen,
Ortho-McNeil Pharmaceutical, Inc.) and Ultram (tramadol
immediate release, Ortho-McNeil Pharmaceutical, Inc.).
In Europe, the immediate-release form is available in cap-
sules and as an elixir.18 A fast-release orodispersible tra-
madol tablet that can be taken without liquids has been
developed.19 A sustained-release form, in capsules, is
available in Europe.20 The sustained-release product
available in the United States is in tablet form.

Tramadol is well absorbed orally, with an absolute
bioavailability of 75 percent, and has a volume of distri-
bution of approximately 2.7 L per kg.21 It is only 20 per-
cent bound to plasma proteins. Tramadol is characterized
by extensive tissue distribution (apparent volume of dis-
tribution, approximately 3 L per kg). The observed plasma
half-lives are 6.3 and 7.4 hours for tramadol and M1, respec-
tively.21 The clearance of tramadol is moderately high (600
mL per min).22 The t

max
value for both enantiomers of tra-

madol occurs two hours after administration, and that for
the active (+)-M1 metabolite occurs after three hours.14

Analgesia for racemic tramadol and the M1 metabolite in
humans begins within approximately one hour after
administration and reaches a peak in approximately two
to three hours. Onset of analgesia for the long-acting
form occurs at a median time of five hours.23 In general,
both enantiomers of tramadol and M1 follow a parallel
time course in the body after single and multiple doses,
although small differences (approximately 10 percent)
exist in the absolute amount of each enantiomer pres-
ent.21 Steady-state plasma concentrations of both tra-
madol and M1 are achieved within two days with q.i.d.
dosing. Oral administration of tramadol hydrochloride
tablets with food does not significantly affect its rate or
extent of absorption. Tramadol is extensively metabo-
lized after oral administration. Sixty percent of the drug is
excreted as metabolites. Elimination is primarily by the
hepatic route and partly by the renal route (up to 30 per-
cent of the dose as unchanged drug).22 After rectal
administration of tramadol suppositories, the extent of
absolute bioavailability is equal to that of an oral adminis-
tration of tramadol.24

metabolism

While cytochromes CYP2D6, CYP3A4, and CYP2B6
are involved in the metabolism of tramadol, the chief
cytochrome responsible for metabolism is CYP2D6.
Other metabolic pathways involved in the metabolism
of tramadol are O-demethylation, N-demethylation,
cyclohexyl oxidation, oxidative N-dealkylation, dehy-
dration, and conjugation.25 These pathways lead to multi-
ple metabolites, of which only one, M1, is of clinical
significance. The formation of M1 that results from the
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Figure 1. Structure of tramadol and M1 metabolite.



O-demethylation of tramadol is catalyzed by human
hepatic CYP2D6.26 Patients with dysfunctional CYP2D6
are unable to form M1 (5 to 10 percent white, 18 percent
African American, 1 percent Asian).27,28 The AUC for M1
is significantly decreased in these patients. There is a cor-
relation between the number of functional alleles and the
ratio of tramadol to M1.28 Hui-Chen et al. found the values
of C

max
for the enantiomers of trans-T and M1, and AUC

0-8

for (-)-trans T, (+)-M1, and (-)-M1 were higher in women
than in men.31

drug interactions

Dependence of the metabolism of tramadol on
CYP2D6 (and to a lesser extent CYP3A4) for the forma-
tion of its chief metabolite leads to concerns that interac-
tions with drugs that inhibit this cytochrome may lead to
clinically significant toxicities or alterations in analgesic
properties. Important drugs used in palliative care that
are metabolized by CYP2D6 are codeine, oxycodone,
hydrocodone, haloperidol, tricyclic antidepressants,
risperidone, and phenothiazines.29 Important inhibitors

of CYP2D6 are quinidine, fluoxetine, and its metabolite
norfluoxetine.29 In vitro studies involving liver micro-
somes suggest that inhibitors of CYP2D6 such as fluoxe-
tine and its metabolite norfluoxetine,30 as well as
amitriptyline and quinidine,22 can inhibit the metabolism
of tramadol to various degrees, suggesting that concomi-
tant administration of these compounds could result in
increases in tramadol concentrations and decreased con-
centrations of M1.22 The actual pharmacological impact
of these alterations in terms of either efficacy or safety is
unknown. Therefore, until further information is avail-
able, caution should be used when tramadol is adminis-
tered with other drugs that inhibit CYP2D6.

A major interaction of clinical importance can occur
when tramadol is given with selective serotonin reuptake
inhibitors and monoamine oxidase inhibitors. This can
re sult in the serotonin syndrome. The serotonin syn-
drome is characterized by a symptom triad of altered
mental status, neuromuscular abnormalities, and auto-
nomic dysfunction; the absence of hyperthermia and
rigidity as well as the presence of a normal creatine phos-
phokinase level distinguish it from the neuroleptic malig-
nant syndrome.32 The serotonin syndrome has been
reported when tramadol has been administered concomi-
tantly with venlafaxine,33 citalopram,34 sertraline,35 fluox-
etine,36 paroxetine,37 and monoamine oxidase inhibitors
such as phenelzine and isoniazid.38,39 Not surprisingly, it
also has occurred with newer antidepressants such as
mirtazapine.40 The overall incidence of the serotonin syn-
drome is rare, but should be watched for when other
serotonin-modifying drugs are given.

Administration of a-adrenergic blockers can decrease
the duration of analgesia of tramadol.14 Administration of
serotonin inhibitors such as ondansetron has lead to
increased tramadol requirements, probably by blocking
spinal 5-HT (3) receptors.41 Carbamazepine causes a sig-
nificant increase in tramadol metabolism, presumably
through metabolic induction by carbamazepine, which is
metabolized via CYP34A.21 Patients receiving chronic car-
bamazepine doses of up to 800 mg daily may require up
to twice the recommended dose of tramadol.21 Case
reports of Coumadin potentiation by tramadol have not
been substantiated.42,43
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Table 1. Adverse effects of tramadol

Adverse effect Frequency (percent)

Dizziness/vertigo 26

Nausea 24

Constipation 24

Headache 18

Somnolence 16

Vomiting 9

Pruritus 8

Central nervous system stimulation 7

Sweating 6

Asthenia 6

Dyspepsia 5

Diarrhea 5

Dry mouth 5

Adapted from package insert.

Table 2. Adverse effects of tramadol versus morphine (frequency)

Adverse effect Morphine Tramadol

Nausea/vomiting 15 to 30 percent 24 percent

Constipation 40 to 70 percent 24 percent

Sedation 20 to 60 percent 16 percent

Cognitive failure Mild common; severe unknown Unknown

Myoclonus With high doses Not reported

Pruritus 2 to 10 percent 8 percent
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Table 3. Tramadol and chronic malignant pain

Author Number of patients Intervention Outcome

Tawfik, 199066 32

Patients treated with tramadol (mean
dosage, 217 mg per day) or with sus-
tained-release morphine (mean dosage,
50 mg per d) for up to eight weeks

Morphine produced better analgesia but
was associated with more intensive
adverse effects; crossover study of 20
patients suggests same analgesic efficacy
as morphine but fewer adverse effects

Osipova, 199167 124 (cancer patients)

98 patients receiving tramadol (mean
dosage, 368 mg per day) and 26 patients
receiving sustained-release morphine
(mean dosage, 69 to 96 mg per day) for
relief of severe cancer pain

Morphine produced better analgesia but
was associated with more intensive
adverse effects

Wilder-Smith,

199449 20 (cancer patients)

Doses of oral solutions of tramadol or
morphine were individually titrated in a
double-blind, randomized, crossover
study; crossover was after day four

Pain intensity was similar with morphine
and with tramadol; relative potency of
4:1 with oral dosing; adverse effects per
person were lower on the fourth day
with tramadol with respect to nausea and
constipation

Bono, 199768

60 (44 men, 16 women;
average age, 61.4 years;
controlled crossover trial
with randomized
sequences; severity of
pain measured before and
during the four hours after
taking study drugs)

Tramadol was prescribed at the daily
dosage of 300 mg orally, and buprenor-
phine at 0.6 mg per day as a sublingual
preparation

Buprenorphine and tramadol had a simi-
lar analgesic effect, although tramadol
had a quicker onset of action

Brema, 199669

131 (adults with neo -
plastic pain no longer
responsive to non -
steroidal anti-inflam -
matory drugs)

Tramadol (one 100 mg slow-release
tablet every eight to 12 hours), or
buprenorphine (one sublingual 0.2 mg
tablet every six to eight hours); mean
treatment period was 58 days for tra-
madol and 51 for buprenorphine

Similar pain control acutely for both
drugs; superior pain control for tramadol
after one week

Grond, 199960 1,658 (cancer pain, 
retrospective study)

810 patients received oral tramadol for a
total of 23,497 days, and 848 patients
received oral morphine for a total of
24,695 days

Constipation, neuropsychological symp-
toms, and pruritus were observed signifi-
cantly more frequently with low-dose
morphine; pain intensity did not differ
between arms

Petzke, 200120

146 (moderate-to-severe
cancer pain and insuffi-
cient pain relief from
nonopioid analgesics)

Treated with slow-release tramadol for
initial dose finding and as long-term
treatment; immediate-release tramadol
and a standard nonopioid analgesic
(1,000 mg naproxen daily) were provid-
ed for treatment of breakthrough pain

Number of patients with good/complete
pain relief increased from 43 percent after
week one to 71 percent after week six, with
maximum daily dosages of tramadol up to
650 mg; most (70 percent) still needed less
than 400 mg tramadol per day; common
adverse effects such as fatigue, dizziness,
and constipation decreased in frequency;
other adverse events such as nausea, vom-
iting, and sweating did not change



adverse effects

Common adverse effects with frequencies greater
than 5 percent are listed in Table 1. The incidence of
adverse effects is higher in the clinical trial data than
in outpatient postmarketing surveillance.44

central nervous system

Central nervous system (CNS) adverse effects are com-
mon and include drowsiness, dizziness, headache, and
agitation.21 Headache with tramadol differs from that of
other opioids and may be related to serotonin blockade.
Rare CNS adverse effects include mania45 and musical
hallucinations.46 Seizures have occurred after the first
therapeutic dose of tramadol. However, seizures have
occurred when other factors predisposing to seizures are
present, such as concomitant administration of other
medications that lower the seizure threshold, patients
with a history of epilepsy, and other patients at risk for
seizures.47 Tramadol may cause or exacerbate cognitive
impairment in patients older than 75 years.48

gastrointestinal

The most frequent adverse gastrointestinal effects in
clinical trials of tramadol were nausea (24 percent), vom-
iting (9 percent), and constipation (24 percent); however,
postmarketing surveillance suggests a lower incidence
(4.2 percent and 0.5 percent, respectively) for nausea and
vomiting.21,44 Tramadol has less effect on colonic transit
time than morphine.49 There is no effect of intravenous
tramadol on bile duct sphincter.50

genitourinary

Urinary retention or urinary frequency has been
reported in up to 5 percent of patients taking therapeutic
doses of tramadol.51

respiratory

Tramadol was not associated with respiratory depres-
sion and does not suppress the hypoxic ventilatory
response.52

other adverse effects

Diaphoresis has been reported in up to 20 percent of
patients treated with oral or parenteral tramadol.4 Fatigue
as well as skin reactions have been reported with tra-
madol use.20,53 Tramadol has been associated with exac-
erbation of attacks of acute porphyria.54 A small percent-
age (0.1 percent) of the administered dose passes into
breast milk.55

comparison with morphine

Table 2 compares the adverse effects of morphine
with those of tramadol. In contrast with morphine, tra-
madol has not been shown to cause myoclonus or hyper-
algesia. Although it reportedly causes less histamine
release, pruritus can still occur (Table 1).56 Tramadol is
not associated with respiratory depression and does not
suppress hypoxic ventilatory response.52 Tramadol may
be less immunosuppressive than morphine.57 Tramadol
has minimal cardiovascular adverse effects.22
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Table 4. Tramadol and neuropathic pain

Author Type of trial Number of patients Intervention Outcome

Harati, 199861 Double-blind, random-
ized, controlled trial

131 with painful diabetic
neuropathy

Treated with tramadol
(n = 65) or placebo (n =
66), administered as
identical capsules in
divided doses four times
daily

Tramadol, at an average
dosage of 210 mg per
day, was more effective
than placebo for pain
control

Boureau, 200362

Multicenter, random-
ized, double-blind,
parallel-group study

127 with post-therapeu-
tic neuralgia

The dosage of tramadol
could be increased
from 100 mg per day
to 400 mg per day com-
pared with placebo

Better pain relief (via
pain measurement over
time) over six weeks;
tramadol versus placebo

Sindrup, 199963

Double-blind, placebo-
controlled and
crossover

45 with painful
polyneuropathy and
allodynia

Tramadol slow-release
tablets, titrated to 200 to
400 mg per day, versus
placebo

Pain, paraesthesia, and
touch-evoked pain lev-
els were lower with tra-
madol than with place-
bo, as were ratings of
allodynia (0 vs. 4, p =
0.012)



Withdrawal has been reported with chronic use of tra-
madol, but because of the drug’s weak interaction with
opioid receptors, it is considered a nonhabit- and nonde-
pendence-forming analgesic and is not classified as a
controlled substance by the US Food and Drug Ad -
ministration.58,59 Surveillance studies and case reports
suggest that abstinence symptoms can occur. In most
cases, the withdrawal symptoms consisted of classic opi-
oid withdrawal, but in some cases were accompanied by
withdrawal symptoms not normally observed in opiate
withdrawal, such as hallucinations, paranoia, extreme
anxiety, panic attacks, confusion, and unusual sensory
experiences such as numbness and tingling in one or
more extremities. These cases were more likely to occur
after abrupt cessation of intake, especially when the com-
pound had been taken for more than one year.
Therefore, patients should be advised of such an effect
whenever they decide to stop intake or their physician is
planning to switch them to another medication. To avoid
abstinence symptoms, doses should be slowly tapered.59

tramadol for cancer pain

Table 3 reviews the studies involving tramadol and
cancer pain. Grond and colleagues60 compared the effica-
cy and safety of high dosages of oral tramadol (= 300 mg
per day) with low dosages of oral morphine (= 60 mg per
day). Patients were included in this nonblinded and non-
randomized study if the combination of a nonopioid
analgesic and up to 250 mg per day of oral tramadol was
inadequate. The average dosage of tramadol was 428 ±
101 mg per day (range, 300 to 600 mg per day); the aver-
age dosage of morphine was 42 ± 13 mg per day (range,
10 to 60 mg per day). The mean pain intensity was similar
between the two study groups. Constipation, neuropsy-
chological symptoms, and pruritus were observed signifi-
cantly more frequently with low-dose morphine; other
symptoms had similar frequencies in both groups.

In a study of patients with moderate to severe cancer
pain and insufficient pain relief from nonopioid analgesics,
Petzke and colleagues20 examined slow-release tramadol
for initial dose findings and as a long-term treatment.
Immediate-release tramadol was provided for the treatment
of breakthrough pain, in addition to oral Naprosyn 500 mg
twice a day. Ninety of 146 patients (62 percent) completed
the six-week trial. Average and maximal pain intensity
decreased from day one to day four. The number of
patients with good and complete pain relief increased from
43 percent after week one to 71 percent after week six. The
maximum daily dosages of tramadol were up to 650 mg.
However, 70 percent of the patients still needed less than
400 mg tramadol per day in week six. The frequency of
some common adverse effects of opioids such as fatigue,
dizziness, and constipation, decreased during the six
weeks. The frequency of other adverse events such as nau-
sea, vomiting, and sweating did not change. Slow-release
tramadol provided fast and efficient pain relief in almost
two-thirds of patients during initial dose finding and during
long-term treatment.

tramadol for neuropathic pain

Table 4 summarizes the studies involving tramadol
and neuropathic pain. Tramadol was better than placebo
for pain control in diabetic neuropathy and postherpetic
neuralgia.61,62 In patients with polyneuropathy, Sindrup
found tramadol to be effective for allodynia.63 Harati
found that use of tramadol in diabetic neuropathy was
associated with improved quality of life.61 There are no
data available for neuropathic pain in the cancer setting.

pharmacoeconomics

The average wholesale price of Ultram (tramadol 50
mg) is $1.21 per tablet. The price of generic tramadol is
$0.84. The cost of Ultracet is $1.07. Table 5 compares the
cost of tramadol with other Step 2 agents.

schedule of administration

The oral dosage of tramadol is one or two 50-mg
tablets up to four times daily; maximum dosage is eight
tablets per day. The fixed combination of tramadol/aceta-
minophen is available as tablets containing 37.5/325 mg
with a recommended dosage of two tablets every four to
six hours. The extended-release formulation of tramadol
hydrochloride (tramadol ER), given as 100 mg twice
daily, is considered therapeutically equivalent to the
immediate-release formulation of 50 mg administered
four times daily. If kidney (creatinine clearance below 30
mL per min) or hepatic function is severely impaired,
some dosage reduction (approximately by 50 percent) or
extension of the dosage interval should be considered.22
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Table 5. Cost comparison of Step 2 opioids

Drug

Average 

wholesale price

(generic)

Average 

wholesale price

(trade name)

Ultram 50 mg $0.84 $1.25

Ultracet $1.07 $1.14

Codeine 30 mg $0.35 –

Tylenol #3 $0.05 $0.36

Tylenol #4 $0.08 $0.80

Vicodin $0.45 $0.84

Oxycodone 5 mg $1.14 –



The relative potency of tramadol to morphine is approx-
imately 1:5 to 1:4 for the oral route and about 1:10 for
the subcutaneous and intravenous routes.64 The oral
dose in ped iatric patients is of 1 to 2 mg per kg every
four to six hours.65

discussion

Tramadol is a centrally acting analgesic with a dual
mechanism of action. As a Step 2 agent, it has affinity for
opioid receptors and has a potent metabolite with strong
affinity for the µ-opioid receptor. It is also unique in that
part of its mechanism of action also involves effects on
the uptake/release of serotonin/norepinephrine at the
synapse. This makes it more versatile than the currently
available Step 2 agents and potentially useful for neuro-
pathic pain. Clinical trials suggest efficacy in neuropathic
pain and equivalency with low-dose morphine in cancer
pain. The study comparing tramadol with low doses of
morphine was nonblinded and nonrandomized. Adverse
effects were comparable or better than those of low-dose
morphine. Offsetting the increased versatility of the drug
is the potential for drug interactions because of its
dependence on CYP2D6 for metabolism. The drug
appears to have a ceiling effect, whereupon adverse
effects occur at increased frequency. For now, it repre-
sents an option for patients with pain not responsive to
nonopioid analgesics. Superiority over low-dose Step 3
agents requires further testing in randomized clinical trials.
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