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Abstract:

Aim of the study was to assess dihydrocodeine (DHC) and metabolites concentrations and their correlations with DHC analgesia in

cancer patients with pain. Thirty opioid-naive patients with nociceptive pain intensity assessed by VAS (visual analogue scale) > 40

received controlled-release DHC as the first (15 patients, 7 days) or as the second opioid (15 patients, 7 days). Blood samples were

taken on day 2, 4 and 7 at each study period. DHC and its metabolites were assayed by HPLC. DHC provided satisfactory analgesia

when administered as the first or the second opioid superior to that of tramadol. When DHC was the first opioid administered, DHC

and dihydrocodeine-6-glucuronide (DHC-6-G) concentrations increased in the second and the third comparing to the first assay.

A trend of nordihydromorphine (NDHM) level fall between the first and the third assay was noted; trends of dihydromorphine

(DHM) level increase in the second relative to the first determination and decrease in the third compared to the second assay were ob-

served. When DHC followed tramadol treatment a trend of DHC concentration increase in the second relative to the first assay was

noted. DHC-6-G level increased in the second and in the third comparing to the first determination; NDHM and DHM concentra-

tions were stable. DHC and DHC-6-G concentrations increased similarly during both treatment periods which suggest their promi-

nent role in DHC analgesia. Few significant correlations were found between DHC dose, DHC and metabolites serum

concentrations with analgesia suggesting the individual DHC dose titration.
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Abbreviations: ANOVA – analysis of variance, BPI-SF –

Brief Pain Inventory – Short Form, NSAIDs – non steroidal

anti-inflammatory drugs, DHC – dihydrocodeine, DHC-6-G –

dihydrocodeine-6-glucuronide, DHM – dihydromorphine,

DHM-3-G – dihydromorphine-3-glucuronide, DHM-6-G –

dihydromorphine-6-glucuronide, NDHM – nordihydromorphine,

NORDHC – nordihydrocodeine, NORDHC-6-G – nordihy-

drocodeine- 6-glucuronide, VAS – visual analogue scale

Introduction

Opioid analgesics are effective in chronic pain man-

agement that work through opioid receptors and the

heterotrimeric guanine nucleotide binding proteins

[27, 28]. DHC is an analgesic of step 2 of the WHO
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analgesic ladder (opioids for mild to moderate pain)

frequently used in Poland for the treatment of cancer

and chronic non-malignant pain of moderate intensity

[3]. DHC is a semi-synthetic codeine derivative

formed by the hydrogenation of the double bond in

the main chain of the codeine molecule [6]. Apart

from being used as an analgesic and antitussive agent

DHC is also used in the treatment of opioid addiction

[18]. After subcutaneous administration of 30 mg

DHC its analgesic activity is similar to that of 10 mg

of morphine [6]. DHC metabolism is multidirectional:

through CYP2D6 to DHM, which is further metabo-

lized to 3-(DHM-3-G) and 6-glucuronides (DHM-6- G)

and to NDHM; via CYP3A4 to NORDHC, which is

further metabolized to NORDHC-6-G and to NDHM;

and through glucuronidation to DHC-6-G (Fig. 1) [4,

19, 20, 24]. Due to the multidirectional metabolism,

as opposed to tramadol [22, 23] and codeine [5, 17],

CYP2D6 activity probably does not influence DHC

analgesia [7, 26].

DHC exerts its analgesic action through affinity to

predominantly µ and to less extent to k and d opioid

receptors [8]. The highest affinity to µ opioid receptors

displays DHM and DHM-6-G. The affinity of DHM

and DHM-6-G to µ opioid receptor is 70 times more

potent, whereas other metabolites possess less affinity

in comparison to DHC. DHM-6-G possesses a little

lower whereas DHM-3-G significantly lower affinity

to µ opioid receptor in comparison to DHM. DHC and

DHM display twice higher affinity than their 7,8 non-

saturated analogues (codeine and morphine). DHC pos-

sesses twice higher affinity than DHC-6-G. Regarding

d opioid receptor, the affinity of explored compounds

is 5–50 times lower than their affinity to µ opioid re-

ceptors with similar order as in the case of µ opioid

receptor with the exception of DHC-6-G which pos-

sesses twice higher affinity in comparison to DHC.

Regarding k opioid receptor, DHC-6-G and DHM-

6-G possess significantly lower affinity than their par-

ent compounds (DHC and DHM, respectively). How-

ever, morphine and DHM, codeine and DHC display

similar affinity to k opioid receptors [19]. In Poland

DHC is available only in controlled-release tablets for

oral administration [11]. The aim of the study was to

assess DHC analgesia and to evaluate correlations of

DHC dose with analgesia, correlations of DHC and

metabolites concentrations with analgesia and to as-

sess the correlation of DHC dose with DHC and me-

tabolites concentrations in cancer patients with pain.

Patients and Methods

Thirty opioid-naive patients with nociceptive pain

(VAS > 40) received DHC for 7 days as the first

opioid (15 patients; group 1) or as the second opioid

administered also for 7 days after a switch from tra-

madol (15 patients; group 2). In group 1, the starting

single dose of controlled-release DHC equalled 60 mg

and was titrated to achieve satisfactory analgesia

(VAS 40 mm or diminishing starting pain intensity by

at least 15 mm in VAS) according to the following

scheme: 60 mg, 90 mg, 120 and 180 mg administered

twice daily. In group 1, after 7 days of DHC treat-

ment, patients were switched to appropriate doses of

tramadol. In group 2, the starting single dose of

controlled-release tramadol equalled 100 mg and it

was titrated to achieve satisfactory analgesia accord-

ing to the following scheme: 100 mg, 150 mg, 200

and 300 mg administered twice daily. In group 2, the

starting single dose of controlled-release DHC was 60 mg

or higher depending on the previous tramadol dose.

The equianalgesic doses of tramadol and DHC when

drugs were switched are shown in Table 1. Break-
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Fig. 1. Dihydrocodeine main metabolic pathways



through pain was treated with non-opioids (paraceta-

mol or non-steroidal anti-inflammatory drugs) as im-

mediate-release DHC formulations are not available

in Poland.

Patients had to fulfill all inclusion criteria: cancer

diagnosis, age over 18, either opioid-naive patients or

formerly treated with tramadol, no history of drug

abuse, capable of oral drug intake, capable of commu-

nicating with study personnel and filling in question-

naires, nociceptive pain intensity over 40 mm in VAS

scale during non-opioids administration (NSAIDs,

paracetamol, metamizol), no renal impairment, if

woman – not being pregnant and not lactating. Vis-

ceral pain was diagnosed in 17 patients, somatic pain

in 13 (9 bone, 4 somatic from soft tissues and skin).

Primary tumors: lung (4 patients), colon (4), stomach

(3), palatine tonsil (2); per one patient: pharynx,

esophagus, gall bladder, pancreas, thyroid and supra-

renal glands, kidney, prostate, breast, skin, skin mela-

noma, myelodysplastic syndrome, Hodgkin disease,

ovary, abdominal and pelvic tumor and bone metasta-

ses from unknown primary site. All patients signed

a written informed consent before entering the study.

The trial was performed according to the Declaration

of Helsinki and the study protocol was approved by

the Regional Bioethics Committee at Poznan Univer-

sity of Medical Sciences.

The data were analyzed with Statistica 8.0 (Stat-

Soft, Inc., 2009) statistical package. A descriptive sta-

tistics (the mean, standard deviation and confidence

interval) of concentration of all explored compounds:

DHC, DHC-6-G, DHM, and NDHM were provided

for all measurements. To assess changes in DHC and

its metabolites concentrations, two-way ANOVA with

repeated measures and post-hoc the least significant

difference tests were performed. To assess the correla-

tions, Spearman coefficients were used. In all analy-

ses p-value of less than 0.05 was considered signifi-

cant.

Sample preparation and extraction

Blood samples were taken 3 h after the morning dose

of DHC administered at 6 a.m. on fasting condition on

the 2nd, 4th and 7th day of each treatment period. DHC

and metabolites concentration were assessed by

HPLC method based on papers of other authors [9,

21]. Extraction of DHC derivatives from blood was

performed with the use of BAKER spe-12G Column

Processor (J.T. Baker, USA) and Bakerbond speTM

Narc2 columns (J.T. Baker, USA). Each sample of

blood serum (1.0 ml) was mixed with 10 mM of phos-

phate acid (2.0 ml) and extracted with Narc2 column,

pre-conditioned in the following order: 2.0 ml of

HPLC methanol, 2.0 ml of HPLC water and 2.0 ml

0.1 M of phosphate buffer, pH 6.0. After the sample

was soaked in the absorbent, the column was washed

with 1.0 ml of HPLC water, and 250 µl of 0.01 M

acetic acid. Then, the column was dried under

vacuum (20 min); the sample was eluted with 3.0 ml

of chloroform/isopropanol (80:20, v/v) and 3.0 ml of

4% ammonia methanol solution. The combined

fractions were taken to dryness (nitrogen, 80°C) and

the residue was reconstituted with 1.0 ml of HPLC

phase (15% acetonitrile in 25 mM triethylammonium

phosphate buffer (TEAP), pH 3.4). The samples of

30 µl, after previous dilution (1:10) using HPLC

phase and/or without dilution, were directly injected

into the HPLC system.

Instrumentation, internal standards and

standard curves

HPLC analysis was performed using Perkin Elmer se-

ries 200 pump system, equipped with a Perkin Elmer

LC 240 fluorescence detector. Samples were eluted

from Nucleosil 100 C18 AB (250 × 4.6 mm, 5 µm,

Macherey-Nagel, Germany) at a flow rate 1.0 ml/min

with mobile phase (15% acetonitrile in 25 mM TEAP,

pH 3.4). For detection, the excitation wave length was

l = 212 nm and emission was recorded at l = 345 nm.

Metoclopramide hydrochloride (in amp. 10 mg/2.0

ml, Polpharma, Poland) was added as an internal stan-

dard (30 µl, 0.5%) to 970 µl of sample prior to solid

phase extraction. As standards for dihydrocodeine

phosphate and derivatives, HPLC standards were used

(dihydrocodeine, dihydrocodeine-6-glucuronide, di-

hydromorphine, nordihydromorphine; Lipomed AG,

Switzerland).
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Tab. 1. Equianalgesic daily doses of controlled-release tramadol and
controlled-release dihydrocodeine (DHC) when drugs were
switched

Controlled-release tramadol Controlled-release DHC

2 ´ 100 mg 2 ´ 60 mg

2 ´ 150 mg 2 ´ 90 mg

2 ´ 200 mg 2 ´ 120 mg

2 ´ 300 mg 2 ´ 180 mg



All chromatograms for drug derivatives standard

curves were generated generally at the range of

32.5–3000 ng/ml. To evaluate the linearity of the

method, the standard curves were prepared by spiking

serum of different amounts of compounds and a con-

stant amount of metoclopramide. Linear regression

analyses were performed using ratios of peak height

of compound to internal standard vs. the respective

compound concentrations (the correlation coefficients

were as follows: DHC r = 0.9999; DHC-6-G r =

0.9994; DHM r = 0.9971; NDHM r = 0.9997). The

mean sample recovery was estimated at 79.5%.

Results

The mean age of patients was 70.47 ± 8.79 (range 48

– 83); there were 19 women and 11 men. The daily

DHC doses were as follows: 138.87 ± 40.77 mg on

day 7 when DHC was the first analgesic administered

and 172.53 ± 95.19 mg on day 7 when DHC treatment

followed tramadol therapy. According to the BPI-SF,

the mean baseline pain on average (Tab. 2) and the

mean baseline pain relief (Tab. 3) were 5.47 ± 0.22

and 26.67 ± 3.42 in DHC group; 5.67 ± 0.22 and

31.33 ± 3.42 in tramadol group, respectively (differ-

ences not significant). DHC analgesic effects were su-

perior to those of tramadol during both treatment peri-

ods (ANOVA). When DHC was the first opioid ad-

ministered (the first week), pain on average and pain

relief scores (p < 0.001 for drug influence, treatment

time effect, drug and treatment time interaction) were

in favor of DHC treatment. When DHC was the sec-

ond opioid administered (the second week), pain on

average (p < 0.003 for drug influence; p < 0.005 for

drug and treatment time interaction) and pain relief

scores (p < 0.001 and p < 0.038, respectively) were

superior for DHC; no time effect was found. No seri-

ous adverse events were observed during DHC ther-

apy. Detailed results regarding adverse effects [12],
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Tab. 3. Pain relief (BPI � SF) at baseline (day 0) and on each day of
the tramadol and dihydrocodeine treatment: the mean, standard er-
ror (SE) and confidence interval (CI ± 95%) are provided. Higher
scores mean better pain relief (0 � no pain relief, 100 � complete pain
relief)

Day Tramadol Dihydrocodeine

Mean ± SE CI ± 95% Mean ± SE CI ± 95%

0 31.33 ± 3.42 24.33–38.33 26.67 ± 3.42 19.67–33.67

1 69.33 ± 2.48 64.25–74.42 87.33 ± 2.48 82.25–92.42

2 72.67 ± 3.12 66.27–79.06 90.00 ± 3.12 83.61–96.39

3 71.33 ± 2.65 65.91–76.76 91.33 ± 2.65 85.91–96.76

4 71.33 ± 1.89 67.45–75.21 93.33 ± 1.89 89.45–97.21

5 72.67 ± 2.15 68.27–77.06 92.00 ± 2.15 87.61–96.39

6 73.33 ± 2.09 69.06–77.61 92.67 ± 2.09 88.39–96.94

7 73.33 ± 2.01 69.22–77.45 94.00 ± 2.01 89.89–98.11

Drug switch

8 74.67 ± 2.46 69.62–79.71 84.67 ± 2.46 79.62–89.71

9 72.00 ± 2.58 66.71–77.29 86.00 ± 2.58 80.71–91.29

10 73.33 ± 2.22 68.79–77.88 86.67 ± 2.22 82.12–91.21

11 76.00 ± 2.46 70.97–81.03 85.33 ± 2.46 80.30–90.36

12 67.33 ± 3.51 60.13–74.53 89.33 ± 3.51 82.13–96.53

13 72.00 ± 3.82 64.17–79.83 90.67 ± 3.82 82.84–98.49

14 70.67 ± 3.90 62.68–78.65 89.33 ± 3.90 81.35–97.32

Tab. 2. Pain on average (BPI � SF) at baseline (day 0) and on each
day of the tramadol and dihydrocodeine treatment: the mean, stan-
dard error (SE) and confidence interval (CI ± 95%) are provided.
Higher scores mean more intense pain (0 � no pain, 10 � the most se-
vere pain)

Day Tramadol Dihydrocodeine

Mean ± SE CI ± 95% Mean ± SE CI ± 95%

0 5.67 ± 0.22 5.21–6.13 5.47 ± 0.22 5.01–5.93

1 3.73 ± 0.31 3.10–4.37 1.67 ± 0.31 1.03–2.30

2 3.40 ± 0.39 2.61–4.19 1.33 ± 0.39 0.54–2.13

3 3.73 ± 0.36 2.99–4.47 1.13 ± 0.36 0.39–1.87

4 3.33 ± 0.32 2.68–3.98 0.93 ± 0.32 0.28–1.58

5 3.60 ± 0.27 3.06–4.14 1.00 ± 0.27 0.46–1.54

6 3.20 ± 0.24 2.71–3.69 0.87 ± 0.24 0.38–1.36

7 3.60 ± 0.26 3.07–4.13 0.80 ± 0.26 0.27–1.33

Drug switch

8 2.93 ± 0.31 2.30–3.56 2.07 ± 0.31 1.44–2.70

9 3.00 ± 0.30 2.38–3.62 1.80 ± 0.30 1.18–2.42

10 2.73 ± 0.32 2.09–3.38 2.07 ± 0.32 1.42–2.71

11 2.53 ± 0.30 1.92–3.15 2.00 ± 0.30 1.39–2.61

12 3.60 ± 0.45 2.67–4.53 1.27 ± 0.45 0.34–2.20

13 3.07 ± 0.43 2.19–3.94 1.33 ± 0.43 0.46–2.21

14 3.40 ± 0.49 2.39–4.41 1.60 ± 0.49 0.59–2.61



quality of life [13] and analgesia [14] were reported in

other articles.

DHC and metabolites serum assays

Descriptive statistics of DHC and its metabolites se-

rum levels are shown in Table 4. When DHC was the

first opioid administered a significant increase of

DHC concentration was observed at the second (p =

0.02) and at the third (p = 0.0003) in comparison to

the first DHC assay. When DHC treatment followed

tramadol therapy a trend (p = 0.09) of DHC concen-

tration increase at the second DHC comparing to the

first assay was observed (Fig. 2). DHC-6-G concen-

tration significantly increased in the second and in the

third comparing to the first assay when DHC was the

first (p = 0.032 and p = 0.003, respectively) and the

second opioid administered (p = 0.002 and p = 0.006,

respectively) (Fig. 3).

As regards the concentration of other metabolites,

no significant changes were observed. As far as DHM

is concerned, when DHC was the first opioid adminis-

tered a trend of increase in the second comparing to

the first assay (p = 0.057) and a trend of decrease in

the third comparing to the second DHM determina-

tion (p = 0.1) were observed; when DHC followed

tramadol treatment DHM level was stable (Fig. 4).

When DHC was the first opioid administered a trend

of NDHM decrease between the first and the third as-

say (p = 0.095) was observed; when DHC followed

tramadol therapy NDHM concentration was stable

(Fig. 5).

Correlations of dihydrocodeine doses with pain

on average and pain relief items of the Brief

Pain Inventory – Short Form

Correlations of DHC daily doses with pain on average

and pain relief items of the BPI – SF were explored

for each day of the DHC treatment. There were no

significant correlations of DHC daily doses with pain

on average during DHC therapy. A few significant

correlations of DHC dose with pain relief were found:

on day 6 (r = 0.55; p < 0.05) when DHC was the first

opioid administered; on day 1 (r = 0.65; p < 0.05) and

on day 4 (r = 0.52; p < 0.05) when DHC followed tra-

madol treatment.
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Tab. 4.Descriptive statistics of dihydrocodeine (DHC), dihydrocode-
ine-6-glucuronide (DHC-6-G), dihydromorphine (DHM), and nordihy-
dromorphine (NDHM) serum concentrations

Compound/
measurement

The mean
± standard deviation

Confidence/
interval ± 95%

DHC-1-1

DHC-2-1

DHC-3-1

DHC-1-2

DHC-2-2

DHC-3-2

DHC-6-G-1-1

DHC-6-G-2-1

DHC-6-G-3-1

DHC-6-G-1-2

DHC-6-G-2-2

DHC-6-G-3-2

DHM-1-1

DHM-2-1

DHM-3-1

DHM-1-2

DHM-2-2

DHM-3-2

NDHM-1-1

NDHM-2-1

NDHM-3-1

NDHM-1-2

NDHM-2-2

NDHM-3-2

194.70 ± 129.70

375.73 ± 291.11

500.07 ± 471.58

337.18 ± 235.51

502.13 ± 275.35

487.10 ± 232.42

1089.61 ± 897.35

2213.54 ± 1785.11

2877.38 ± 2878.38

1393.00 ± 742.34

3134.05 ± 2297.34

3036.67 ± 2175.39

5403.20 ± 5220.13

11940.59 ± 21939.53

6325.12 ± 5393.50

4635.46 ± 2051.63

5954.39 ± 4642.56

9023.14 ± 6241.37

439.55 ± 658.85

347.16 ± 255.15

261.63 ± 151.67

344.68 ± 394.35

308.17 ± 163.54

423.79 ± 354.45

122.87 – 266,52

214.52 – 536.94

227.79 – 772.35

194.86 – 479.50

343.15 – 661.11

346.65 – 627.55

592.68 – 1586.55

1224.98 – 3202.10

1215.46 – 4539.31

921.34 – 1864.66

1745.78 – 4522.32

1722.09 – 4351.24

2512.39 – 8294.01

–209.01 – 24090.19

3338.30 – 9311.94

3395.67 – 5875.24

3273.85 – 8634.92

5251.52 – 12794.76

59.14 – 819.96

199.84 – 494.48

177.63 – 345.62

106.38 – 582.98

213.75 – 402.59

209.60 – 637.98

Assays of DHC when DHC was the first opioid administered:
DHC-1-1 the first measurement of DHC (2 day of the treatment),
DHC-2-1 the second measurement of DHC (4 day of the treatment),
DHC-3-1 the third measurement of DHC (7 day of the treatment). As-
says of DHC when DHC treatment followed tramadol therapy:
DHC-1-2 the first measurement of DHC (2 day of the treatment),
DHC-2-2 the second measurement of DHC (4 day of the treatment),
DHC-3-2 the third measurement of DHC (7 day of the treatment). As-
says of DHC-6-G when DHC was the first opioid administered:
DHC-6-G-1-1 the first measurement of DHC-6-G (2 day of the treat-
ment), DHC-6-G-2-1 the second measurement of DHC-6-G (4 day of
the treatment), DHC-6-G-3-1 the third measurement of DHC-6-G
(7 day of the treatment). Assays of DHC-6-G when DHC treatment fol-
lowed tramadol therapy: DHC-6-G-1-2 the first measurement of
DHC-6-G (2 day of the treatment), DHC-6-G-2-2 the second meas-
urement of DHC-6-G (4 day of the treatment), DHC-6-G-3-2 the third
measurement of DHC-6-G (7 day of the treatment). Assays of DHM
when DHC was the first opioid administered: DHM-1-1 the first meas-
urement of DHM (2 day of the treatment), DHM-2-1 the second meas-
urement of DHM (4 day of the treatment), DHM-3-1 the third measure-
ment of DHM (7 day of the treatment). Assays of DHM when DHC
treatment followed tramadol therapy: DHM-1-2 the first measurement
of DHM (2 day of the treatment), DHM-2-2 the second measurement
of DHM (4 day of the treatment), DHM-3-2 the third measurement of
DHM (7 day of the treatment). Assays of NDHM when DHC was the
first opioid administered: NDHM -1-1 the first measurement of NDHM
(2 day of the treatment), NDHM -2-1 the second measurement of
NDHM (4 day of the treatment), NDHM -3-1 the third measurement of
NDHM (7 day of the treatment). Assays of NDHM when DHC treat-
ment followed tramadol therapy: NDHM -1-2 the first measurement of
NDHM (2 day of the treatment), NDHM -2-2 the second measurement
of NDHM (4 day of the treatment), NDHM -3-2 the third measurement
of NDHM (7 day of the treatment)



Correlations of dihydrocodeine and metabolites

concentration with pain on average and pain

relief items of the BPI – SF

Correlations of DHC and metabolites concentration

with pain on average and with pain relief items of the

BPI – SF were explored on days when blood samples

were taken for DHC and metabolites assays (days 2,

4, and 7). When DHC was the first opioid administered,

no significant correlations were found of DHC, NDHM,

DHM and DHC-6-G concentrations with pain on aver-

age and with pain relief. When DHC treatment followed

tramadol administration significant correlations were

observed for NDHM (r = – 0.74; p < 0.05, r = 0.79; p <

0.05) and DHC concentrations (r = –0.81; p < 0.05, r =
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Fig. 3. Dihydrocodeine-6-glucuronide
(DHC6) concentrations during DHC
therapy. Solid line: DHC-6-G levels
when DHC was administered after tra-
madol. Dashed line: DHC-6-G levels
when DHC was administered as the first
opioid. ANOVA II: F (2, 46) = 0.681; p =
0.510 (interaction)

Fig. 2.Dihydrocodeine (DHC) concen-
trations during DHC therapy. Solid line:
DHC levels when DHC was adminis-
tered after tramadol. Dashed line:
DHC levels when DHC was adminis-
tered as the first opioid. ANOVA II:
F (2, 48) = 1.57; p = 0.219 (interaction)

DHC-6-G 1 DHC-6-G 2 DHC-6-G 3



0.81; p < 0.05) on day 2 and DHC concentration (r =

–0.65; p < 0.05, r = 0.60; p < 0.05) on day 7 with pain

on average and with pain relief, respectively.

The covariance analysis explored a possible de-

pendence of pain on average and pain relief on DHC

daily doses with additional factors considered DHC

and metabolites concentrations. This analysis was

performed for DHC and all metabolites on days of

DHC and metabolites determination (day 2, 4, and 7).

There were no significant effects of DHC and all me-

tabolites (DHC-6-G, DHM and NDHM) concentrations

regarding pain on average and pain relief; several trends

for pain on average were observed: DHC (p = 0.059) and

DHC-6-G (p = 0.061) both on day 7 when DHC was the

first opioid administered and DHM on day 7 (p = 0.057)

when DHC followed tramadol therapy.

Correlations of dihydrocodeine doses with

dihydrocodeine and metabolites concentration

Correlations of DHC doses with DHC and metabo-

lites concentrations were assessed on days of DHC
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Fig. 5. Nordihydromorphine (NDHM)
concentrations during DHC therapy.
Solid line: NDHM levels when DHC
was administered after tramadol.
Dashed line: NDHM levels when DHC
was administered as the first opioid.
ANOVA II: F (2, 46) = 1.28; p = 0.286
(interaction)
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Fig. 4. Dihydromorphine (DHM) con-
centrations during DHC therapy. Solid
line: DHM levels when DHC was ad-
ministered after tramadol. Dashed line:
DHM levels when DHC was adminis-
tered as the first opioid. ANOVA II:
F (2, 50) = 1.48; p = 0.237 (interaction)



and metabolites determination (day 2, 4, and 7).

When DHC was the first opioid administered, signifi-

cant correlations were observed for DHC doses with

DHC concentrations on day 2 (r = 0.78; p = 0.001),

day 4 (r = 0.57; p = 0.032) and a trend on day 7 (r =

0.53; p = 0.061); correlations of DHC doses with

DHC metabolites concentrations were not significant.

When DHC treatment followed tramadol therapy no

significant correlations were found of DHC dose with

DHM and with DHC-6-G concentrations. On day 2,

a significant correlation was observed of DHC dose

with DHC concentration (r = 0.64; p = 0.026) and

a correlation coefficient near significant value of

DHC dose with DHM concentration (r = 0.50; p =

0.098). On day 4, a significant correlation of DHC

dose with NDHM concentration (r = 0.56; p = 0.046)

and a correlation coefficient near significance of DHC

dose with DHM concentration (r = 0.52; p = 0.066)

were found.

Discussion

The study clearly demonstrated beneficial analgesic

effects of DHC in studied patients that were superior

to tramadol and comparable to those reported in other

clinical studies [3, 25]. The assay of DHC and its me-

tabolites was undertaken to elucidate the relationship

of DHC analgesia with the levels of the parent com-

pound and its metabolites in the serum. DHC and its

metabolites concentration changed mostly when DHC

was the first analgesic. We found that the pattern of

concentration changes of DHC and DHC-6-G was

very similar, especially when DHC was the first opioid

administered, as we observed an increase of the con-

centration of both compounds after 4 and 7 days of

the treatment in comparison to day 2 of the therapy.

When DHC followed tramadol treatment, DHC-6-G

concentration displayed the same pattern as when

DHC was the first opioid (an increase in the second

and in the third determination compared to the first

assay); however, DHC concentration displayed a trend

only in the second determination (day 4) in comparison

to the first assay (day 2) and opposite to DHC-6-G

remained stable in the third comparing to the first

DHC determination. A possible explanation for this

difference might be the fact that the serum concentra-

tions of DHC-6-G were much higher (approximately

5-fold) than the respective DHC levels. Another ex-

planation may be the fact that after switch from tra-

madol the patients needed relatively lower DHC

doses to maintain or improve tramadol analgesic ef-

fect comparing to patients who started the treatment

with DHC when pain was stronger and more intense

dose titration was needed to achieve satisfactory anal-

gesia. These observations may indicate that both

DHC and DHC-6-G are responsible for DHC analge-

sic effects. This hypothesis may be substantiated by

the results of experimental studies in which despite

the lack of CYP2D6 activity (poor metabolizers),

DHC analgesia was not inferior to the analgesic ef-

fects observed in subjects with normal CYP2D6 ac-

tivity (extensive metabolizers) [7, 26].

Another DHC metabolic pathway responsible for

such clinical effects is N-demethylation to NORDHC

through CYP3A4. However, we did not perform an

assay of NORDHC, which could demonstrate its im-

portance. The role of NDHM, an N-demethylated

DHM and O-demethylated NORDHC metabolite in

DHC analgesia is probably limited as it was detected

in urine in very small amounts in comparison to other

metabolites [2]. In our study, its concentration range

was similar to DHC level which might indirectly sug-

gest the role of DHM and NORDHC in DHC analge-

sia. However, besides the observed DHC and DHC-

6-G concentrations increase during the study, NDHM

displayed a stable level in the second week or even

a trend of decrease when DHC was the first opioid ad-

ministered. DHC analgesia occurs irrespectively of

CYP2D6 activity thanks to the parent compound [15]

and the formation of significant amounts of DHC-6-G

and possibly NORDHC [4, 20]. Although DHM pos-

sesses analgesic activity [1, 19, 20] its role in DHC

analgesia is not clear [7, 26]. DHM formation de-

pends on CYP2D6 activity which is impaired in ap-

proximately 7–10% of the Caucasian population [16].

Our results demonstrated stable and very high DHM

concentrations. Although CYP2D6 phenotyping was

not performed, it may be assumed that the majority of

our patients were extensive metabolizers as all were

of Caucasian race. It may be only speculated that

some of the treated patients were ultrarapid me-

tabolizers, which could have explained higher than

expected serum levels of DHM.

There were no significant correlations of DHC

daily doses with pain on average (BPI – SF) on any of

the days of DHC therapy. Few significant correlations

were found (day 6 when DHC was the first opioid ad-
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ministered and days 1 and 4 when DHC followed tra-

madol treatment) between DHC daily doses and pain

relief. Similarly, few significant correlations were

found between DHC concentration (days 2 and 7) and

pain on average and pain relief, when DHC followed

tramadol treatment. Metabolites concentrations (with

the exception of one NDHM assay on day 2 when

DHC was the second opioid administered) did not

correlate significantly with pain on average and with

pain relief scores. This was confirmed by covariance

analysis, which did not demonstrate any significant

correlations between DHC doses and analgesic effects

(pain on average and pain relief of BPI – SF) with

DHC and its metabolites concentrations included as

an additional factor. The results indicate that DHC an-

algesia is to large extent independent of DHC dose

and that doses should be titrated according to individ-

ual needs of a patient taking into account pain inten-

sity, pain relief scores and adverse effects. When ex-

ploring significance of correlations between DHC

doses and DHC and metabolites concentrations, the

results revealed mostly that DHC concentrations

rather than metabolites concentrations were influ-

enced by DHC dose.

The study has several limitations. The results ob-

tained should be interpreted with caution due to the

fact that most patients were treated at home and phar-

macokinetic/pharmacodynamic analysis was not per-

formed, which otherwise would have clearly demon-

strated the relationship between analgesia and DHC

pharmacokinetics. There were only three assays per-

formed during each 7-day treatment period. We were

not able to neither assess CYP2D6 activity nor per-

form NORDHC concentration assays. DHC treatment

period was 7 days only either as the first or as the sec-

ond opioid that followed tramadol therapy. Other

limitations include non-blinded design of the study

and lack of wash-out period due to ethical reasons.

Patients with neuropathic pain were excluded as they

usually need strong opioids administration. The number

of patients recruited was relatively small.

In spite of these limitations this is the first clinical

study conducted in cancer patients with pain, which

explores DHC analgesia and serum assays of the par-

ent compound and its metabolites. A similar pattern of

DHC and DHC-6-G concentration changes in the

course of the study was demonstrated, which may

suggest that both compounds play a prominent role in

DHC analgesia. In spite of lack of significant correla-

tions between DHC dose, DHC and metabolites con-

centration with analgesia observed, DHC controlled-

release tablets provided a very good analgesic effect

in patients with nociceptive pain of moderate intensity

that was superior to tramadol. The drug was well tol-

erated with few adverse effects observed, mostly con-

stipation. In comparison to other opioids commonly

used for mild to moderate pain (tramadol, codeine),

the important advantage of DHC is its strong analge-

sic effect independent of CYP2D6 activity [10].

To conclude, when DHC was the first opioid ad-

ministered, DHC and DHC-6-G concentrations in-

creased, NDHM showed a decrease trend, DHM dis-

played an increase followed by a decrease trend.

When DHC followed tramadol treatment, it first

showed an increase tendency to become stable after-

wards; DHC-6-G concentration increased; NDHM

and DHM levels were stable. A similar pattern of

DHC and DHC-6-G concentration changes observed

may indicate an important role of the parent com-

pound and DHC-6-G in DHC analgesia. Quality of

life assessment in patients treated with DHC demon-

strated that this analgesic has positive impact on pa-

tients’ global quality of life [13]. Future studies may

address pharmacokinetic/pharmacodynamic analysis

that would clarify the relationship between DHC anal-

gesic effects and its pharmacokinetics.
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