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Since 2015 slow-release oral morphine (SROM) is approved for opioid substitution treatment (OST) in
Germany. The SROMOS study (efficacy and tolerability of slow-release oral morphine in opioid substi-
tution treatment) evaluates the efficacy and safety of SROM in routine care. This article describes the
switching process from racemic methadone, levomethadone and buprenorphine to SROM.

Between July 2016 and November 2017 180 patients in 23 study centers in Germany were included in
the prospective, non-interventional, naturalistic observational study. Patients were already in OST and
switched from a previous medication to SROM. The switching process was analyzed during a period of
fourteen days.

Data were available for 169 participants. The switching process had a different progression depending
on premedication and pre dosage. On the fourteenth day of SROM treatment patients switched from
racemic methadone took an average dosage of 922.2 mg/day, from levomethadone 801.0 mg/day and
from buprenorphine 626.7 mg/day. Average conversion ratio racemic methadone to SROM was 1:11.8,
levomethadone to SROM 1:17.4 and buprenorphine to SROM 1:58.0.

This study provides the first data on the switching process from buprenorphine to SROM. Average dose
ratio racemic methadone to SROM on the fourteenth day of treatment was considerably higher than
recommended in the prescribing information.

© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Opioid substitution treatment (OST) is themost recognized drug
treatment for opioid dependence worldwide.1e3 A multitude of
clinical studies and evaluation programs prove its effectiveness in
reducing illicit opioid use, drug-related mortality and transmission
of the blood-borne viruses human immunodeficiency virus (HIV),
hepatitis C (HCV) and hepatitis B (HBV). OST also improves physical
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and psychological health and quality of life and promotes social
functioning and reintegration.2,4e14

Medications with mu-receptor agonist activity suitable for OST
include racemic methadone, levomethadone, buprenorphine
(alone or in combination with naloxone), dihydrocodeine, diac-
etylmorphine and slow-release oral morphine (SROM). Methadone
is prescribed to 63% of all OST patients in Europe. A further 35% is
treated with buprenorphine.3 Extensive literature shows the effi-
cacy of methadone and buprenorphine.15e20 However, side effects
may influence the patient's compliance and decrease the retention
rate.21 Some patients treated with methadone experience
increased sweating, constipation, dry mouth, insomnia, decreased
libido, difficulty in achieving orgasm, painful joints and bones and
general malaise.21,22 Furthermore, methadonemay not be indicated
nese Pharmacological Society. This is an open access article under the CC BY-NC-ND
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in case of prolongation of the electrocardiographic QTc inter-
val23e25 and in case of simultaneous treatment with other drugs
that induce or inhibit the cytochrome P450 enzymes, as this may
impact plasma methadone levels and cause withdrawal or seda-
tion.6,26 Methadone's effectiveness and tolerability can also be
limited for special populations as end-stage liver disease patients,6

rapid metabolizers27,28 and patients with atypical pharmacody-
namics response.21

Possible side effects of a buprenorphine substitution treatment
are headache, constipation, sleep disorders and anxiety.29

Furthermore, patients under buprenorphine describe a “clear
state of consciousness”, expressed as a “feeling of clarity” in mind, a
sensation that is far from the sedation resulting from the use of
other opioids.30 This can make buprenorphine a suitable drug for
patients with particular features as strong motivation, stable living
conditions or low psychiatric co-morbidity.31,32

Higher retention in treatment leads to better results and is the
key of the success of OST.6,33 Given that patients respond differently
to drugs, it is crucial to increase the pharmacological options
balancing side effects and effectiveness.34,35 In this context, SROM
can be a useful alternative, and it may help to reach a larger number
of patients35 and to reduce the gap between who might benefit
from OST and who receive it.36,37

SROM is a mu-opioid receptor agonist which formulation en-
ables a slow and continuous release that guarantees steady blood
levels over 24 h38e40 and allows its use as a once-daily drug in
OST.41 Comparable effectiveness to methadone could be deter-
mined in the randomized cross-over trials of Eder et al.36 and Beck
et al.42,37e41 Thus, SROM represents a valuable alternative to
methadone (and other substances) for the treatment of opioid-
dependent patients43 especially for those who are intolerant44 or
responding poorly to methadone41 experiencing inadequate with-
drawal suppression.45

SROM was first approved for use in OST in Austria in 1998.32

Since April 2015 it is authorized in Germany. The SROMOS study
(efficacy and tolerability of slow-release oral morphine in opioid
substitution treatment) investigates the use of SROM under routine
clinical conditions in Germany in terms of effectiveness and safety.
In this article, the switching process of patients in OST from
methadone, levomethadone and buprenorphine to SROM will be
analyzed to describe the duration of the medication switch and
conversion ratios.

2. Materials and methods

The SROMOS study was carried out as a non-interventional
naturalistic observational study using Case Report Forms (CRFs)
for physicians and patients. The patients were recruited between
July 2016 and November 2017 in 23 outpatient addiction treatment
centers in Germany. Only opioid-dependent patients were included
in the study. The patients already had to be in OST as outpatients in
addiction clinics or general practitioners’ practices. The decision to
switch to SROM had to be unaffected by the study inclusion. Thus
there was no interference in the setting of the standard medical
care. The morphine used for treatment in this study was morphine
sulfate, in the form of hard capsules, slow-release, available in four
dosages: 30 mg, 60 mg, 100 mg and 200 mg.

The inclusion criteria were diagnosis of opioid dependence
(F11.2) according to ICD-10, minimum age of 18 years, being in OST
with an agonist for substitution approved drug and having a pre-
vious unsatisfactory treatment course in terms of physical and/or
mental health problems or impairments (e.g. persistent heroin
craving, debilitating side effects). Other inclusion criteria were the
willingness to switch from the previous substitution drug to SROM
and the ability to understand the study conditions and to
Please cite this article as: Baschirotto C et al., Switching opioid-depen
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participate in the assessments and interviews. Exclusion criteria
were hypersensitivity or intolerance to morphine sulfate, ileus,
acute abdomen, and already being in substitution treatment with
SROM.

The study began with the baseline questioning and the docu-
mentation of the general health status (anamnesis and medical
findings) of the patients. Physicians further stated the previous
medication and mentioned the reasons for switching to an alter-
native opioid. Afterwards, the patients were converted from their
previous substitution drug to SROM. The dose of the substitution
medicationwas documented daily during every visit for the first 14
days of treatment until the switching process was completed, and
the patient had reached a stable SROM maintenance dose.

The change in mental impairment is the key criterion for
effectiveness in this study. It was measured using the Global
Severity Index (GSI) of the standardized Brief Symptom Inventory-
18 (BSI-18), according to Franke et al.46 Data were collected at
baseline and after 3, 6 and 12 months.

Any event occurring during the course of the study that affected
the patient's well-being was defined as an adverse event (AE),
regardless of whether a causal relation to SROMwas suspected. AEs
were coded according to the 27 categories of the system organ
classes (SOC) of the Medical Dictionary for Regulatory Activities
(MedDRA®, version 20.1).

The study was completed after 12 months or with the patient's
previous withdrawal from SROM treatment. After completion of
the study, treatment continued as needed. The participation (or
termination) in the observational study did not influence on the
treatment conditions and their further course. Patients received an
expense allowance of EURO 30 for six data assessments within a
one-year study duration. In the event of premature dropout, the
amount was reduced accordingly.

On the bases of the first results of the SROMOS study, the
analysis described in this article systematically examines the
switching process of opioid-dependent patients in substitution
treatment from racemic methadone, levomethadone and bupre-
norphine to SROM. The switching process was analyzed during 14
days. After these two weeks, all the patients had completed the
switching process to SROM. The research plan was designed to
allow a detailed daily description of the switching process from the
former substitution agent to SROM. We did not intervene in the
course of treatment at any time and merely observed the switching
process and routine care during the study.

No wash-out of previous medication is required when patients
were pre-treated with racemic methadone; thus, SROM can be
given one to the other day with an additional few days to titrate
up.47 Dose equivalents for patients who have already been pre-
treated with racemic methadone are available.42,48 For the con-
version from buprenorphine to SROM, only experiences from
Austria exist49 but as yet no clinical data have been published.
Following the pharmacological treatment principle, the most
important aim of OST is to reduce opioid consumption and asso-
ciated behaviours. An adequate conversion ratio to administer a
sufficient dosage of SROM is clinically significant to avoid with-
drawal symptoms and heroin cravings.

The present analysis determines the average conversion ratios
from racemic methadone, levomethadone and buprenorphine to
SROM and evaluates the switching process under real care condi-
tions to derive practical conclusions.

Descriptive statistics were used to describe the study popula-
tion. Statistical analyses were performed with IBM SPSS Statistic
Version 22.

All patients were informed about the objectives, nature, extent
and risks of the study in an understandable way and expressed
written consent to participate in the study. Participation in the
dent patients in substitution treatment from racemic methadone,
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study was voluntary, and the patient could withdraw his or her
study consent at any time. The study was financially supported by
Mundipharma GmbH (Germany).

3. Results

3.1. Sample description

For this analysis, valid data of 169 patients (out of 180 patients
included in the study) were available. The switching process for 11
patients was not appropriately documented, or they left SROM
treatment during the first two days. The patients were predomi-
nantly male (74.6%). The average agewas 44.1 years, with a range of
20e62 years. On average, the patients had been opioid-dependent
for 22.5 years, had undergone an OST for 7.1 years, and had been in
treatment for 5 years at the current practice or clinic (Table 1).

Thirty patients (17.8%) were previously treated with racemic
methadone. They took an average dosage of 92.2 mg/day. The
majority of patients was earlier in OST with levomethadone
Table 1
Sociodemographic and clinical characteristics (N ¼ 169).

Variables

Sex
Male
Female

Age (in years)
Years of opioid dependence
Duration of OST (in years)
Duration of OST at current practice/clinic (in years)
Substitution medication
Racemic methadone
Levomethadone
Buprenorphine
Others

Nationality
German citizens
Different nationality

Migration background
Immigrated to Germany
Child of migrants
No migration background

Relationship
Single
In a relationship, not living together
In a relationship, living together

Having children
Housing situation
Live in their own apartment
Stay at relative's home
Stay temporarily at a friend's home
Live in assisted housing
Live in dormitories, hotels or hostels

Employment
Work full-time
Work part-time
Occasional jobs
Study or training
Retired
Run a household
Are unemployed

Comorbidities
Previous physical comorbidities
Previous mental comorbidities
Ongoing physical comorbidities
Ongoing mental comorbidities

HCV status (N ¼ 164)
Anti-HCV negative
Anti-HCV positive/RNA negative
RNA positive
Unknown

HIV positive (N ¼ 163)
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(N ¼ 99, 58.6%) with an average dose of 48.7 mg/day. 34 patients
(20.1%) took buprenorphine with an average dosage of 12.6 mg/day.
6 patients were in OST with other medications: two patients took
dihydrocodeine, two tramadol, one morphine (other preparation
than SROM), and one patient received diamorphine.

The majority of patients lived in stable conditions. 35.5% had
stable work/employment or were studying or in training.

84 patients (55.6%) had at least one ongoing psychiatric co-
morbidity. The most frequent diagnosis was of the affective spec-
trum (N ¼ 52), followed by anxiety disorders (N ¼ 20). 58.5% of the
patients were positive for hepatitis C antibodies, and 24.4% had an
active HCV infection. The prevalence of HIV infection was 2.5%.

Table 2 shows the reasons for the switch of substitution medi-
cation. The treating physicians were asked to give the reasons for
changing the substitution agent to SROM (multiple answers were
possible) and also to identify the main reason for the switch. The
main and most stated reason for starting SROM treatment was a
better-expected effect in suppressing heroin craving. Other often
indicated reasons were better-expected tolerability and an
Percentage or Mean (±SD)

74.6%
25.4%
44.1 (±8.8)
22.5 (±9.8)
7.1 (±7.0)
5.0 (±5.9)

17.8%, mean dosage 92.2 (±35.8) mg
58.6%, mean dosage 48.7 (±22.5) mg
20.1%, mean dosage 12.6 (±5.2) mg
3.6%

94.7%
5.3%

4.8%
7.1%
88.1%

62.5%
8.9%
28.6%
38.2%

82.2%
6.5%
3.0%
4.7%
3.6%

18.9%
13.6%
6.5%
3.0%
10.1%
3.6%
42.4%

85.8%
66.9%
60.4%
55.6%

34.1%
34.1%
24.4%
7.3%
2.5%

dent patients in substitution treatment from racemic methadone,
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Table 2
Reasons for the change of the substitution medications (multiple entries, N ¼ 169).

Reasons for the change of the substitution medications percentage main reason (rank)

Better (expected) effect in suppressing heroin craving 54.4 1
Better (expected) tolerability 51.5 4
Unsatisfying previous course of treatment/wish to try the new drug 40.8 5
Better (expected) effect on mental comorbidity 38.5 2
Strong side effects under the previous substitution medication 30.2 3
Too strong sedation under the previous substitution medication 13.0
Greater therapeutic range 10.7
Morphine is generally the most suitable substitution medication 8.3
Better/easier handling 7.1
Less interaction with other concomitant medication 5.9
Prolongation of QTc interval under the previous substitution medication 5.3
Better feasible personalized dose adjustment 4.7
Other 10.1

C. Baschirotto et al. / Journal of Pharmacological Sciences xxx (xxxx) xxx4
unsatisfying previous course of treatment associated with the wish
to try the new substitution agent.

3.2. Duration of the switching process and dosage of slow-release
oral morphine

The results on the switching process based on 163 patients with
complete data sets previously treated with racemic methadone,
levomethadone or buprenorphine. The patients previously treated
with other substitution drugs (n ¼ 6, see above) is too small to
allow meaningful assertions; thus, they were excluded from this
analysis. The switching process was analyzed during a period of 14
days. After these two weeks, all the patients completed the
switching process to SROM.

Table 3 shows the switching process from racemic methadone,
levomethadone and buprenorphine to SROM. The majority (76.9%)
of the patients could be switched “from one day to the next”, that
means that the previous medication was stopped and SROM was
started the next day.

23 patients (76.7%) previously treated with racemic methadone
were switched from one day to the next. These patients were
previously treated with an average dose of 89.8 mg/day racemic
methadone. For 23.3% of the patients, the switching process took
up to 9 days, as the prescribing doctors decided to titrate down the
original medication and at the same time to titrate up SROM. These
patients previously took an average dose of 100.0 mg/day metha-
done (T ¼ 0.478, P ¼ 0.647). 72 of the patients (72.7%) previously
treated with levomethadone were switched from one day to the
next. Their average dose was 45.3 mg/day levomethadone. 27.3% of
the patients took from 1 to 13 days to complete the switching
Table 3
Switching process from racemic methadone, levomethadone and buprenorphine to slow

Days
Racemic Methadone (N ¼ 30) Levomethadone (N

Racemic Methadone (±SD) [N] SROM (±SD) Levomethadone (±

1 88.6 (±50.1) [7] 673.9 (±188.1) 41.9 (±17.2) [27]
2 38.0 (±36.3) [5] 758.3 (±181.6) 39.3 (±11.8) [16]
3 46.7 (±30.6) [3] 755.6 (±202.5) 37.5 (±13.8) [15]
4 50.0 (±14.1) [2] 841.8 (±217.9) 34.2 (±14.0) [15]
5 43.3 (±20.8) [3] 822.2 (±217.2) 34.6 (±13.2) [13]
6 30.0 (±14.1) [2] 855.7 (±233.1) 35.0 (±11.6) [12]
7 30.0 (±0.0) [1] 867.8 (±243.5) 35.5 (±12.0) [11]
8 20.0 (±0.0) [1] 877.9 (±236.6) 23.4 (±10.4) [5]
9 10.0 (±0.0) [1] 891.7 (±249.3) 21.0 (±7.4) [5]
10 0.0 (±0.0) [0] 908.7 (±261.9) 21.3 (±8.5) [4]
11 0.0 (±0.0) [0] 915.3 (±250.8) 21.7 (±10.4) [3]
12 0.0 (±0.0) [0] 915.3 (±250.8) 27.5 (±3.5) [2]
13 0.0 (±0.0) [0] 915.3 (±250.8) 30.0 (±0.0) [1]
14 0.0 (±0.0) [0] 922.2 (±261.0) 0.0 (±0.0) [0]
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process. They were previously treatedwith, on average 57.6 mg/day
levomethadone (T ¼ 2.473, P ¼ 0.015). 88.2% of the patients
(N ¼ 30) previously treated with buprenorphine completed the
switching process from one day to the next. They previously
received an average dose of 12.4 mg/day buprenorphine. For 11.8%
of the patients, the switching process took one day longer. These
patients were previously in OST, with an average dose of 14.0 mg/
day buprenorphine (T ¼ 0.923, P ¼ 0.389).

The patients previously treated with methadone started with an
average SROM dose of 673.9 mg/day. On the fourteenth day, these
patients reached an average dose of 922.2 mg/day. The patients
previously treated with levomethadone started with 591.9 mg/day
and achieved an average dose of 801.0 mg/day. And the patients
previously treated with buprenorphine increased their SROM dose
from, on average, 453.3 mg/day up to 626.7 mg/day on day 14
(Table 3, Fig. 1).

3.3. Dose ratio of the previous substitution treatment to SROM

On the first day of the switch from racemicmethadone to SROM,
the physicians choose an average dose ratio of 1e8.3 (Table 4). On
the 14th day of treatment with SROM, the average dose ratio
methadone to SROM was 1e11.8. The switch from levomethadone
started at an average ratio of 1e13.8 and reached 1 to 17.4 on day 14.
The average dose ratio buprenorphine to SROM was 1e42.3 on the
first day and increased to 1 to 58.0 on the 14th day.

Fig. 2 shows the relationship between the conversion ratios of
racemic methadone and methadone-equivalent of levomethadone
and buprenorphine to SROM. Levomethadone was divided by two,
and buprenorphinewas divided by five. Since no scientific evidence
-release oral morphine (SROM), average daily doses in mg.

¼ 99) Buprenorphine (N ¼ 34)

SD) [N] SROM (±SD) Buprenorphine (±SD) [N] SROM (±SD)

591.9 (±244.0) 14.0 (±2.8) [4] 453.3 (±190.7)
653.4 (±277.7) 0.0 (±0) [0] 547.3 (±184.4)
682.4 (±282.9) 0.0 (±0) [0] 553.9 (±187.9)
701,3 (±304.2) 0.0 (±0) [0] 605.5 (±177.6)
715.5 (±300.5) 0.0 (±0) [0] 596.4 (±192.0)
718.3 (±300.8) 0.0 (±0) [0] 586.1 (±209.6)
736.7 (±300.2) 0.0 (±0) [0] 611.9 (±181.9)
765.1 (±296.0) 0.0 (±0) [0] 605.6 (±195.8)
767.6 (±293.1) 0.0 (±0) [0] 599.4 (±205.4)
770.1 (±304.0) 0.0 (±0) [0] 608.5 (±201.4)
770.4 (±313.9) 0.0 (±0) [0] 610.0 (±200.3)
785.5 (±315.7) 0.0 (±0) [0] 603.6 (±200.5)
788.6 (±314.2) 0.0 (±0) [0] 618.8 (±205.0)
801.0 (±321.8) 0.0 (±0) [0] 626.7 (±213.3)

dent patients in substitution treatment from racemic methadone,
Analysis of the switching process in routine care, Journal of



Fig. 1. Dosage of slow-release oral morphine over the first 14 days of treatment.

Table 4
Dose ratio of the previous substitution drug to slow-release oral morphine (1:x).

Day Racemic Methadone Levomethadone Buprenorphine

1 8.3 13.8 42.3
2 9.1 15.0 51.5
3 9.7 15.7 52.1
4 10.5 16.0 56.4
5 10.5 16.4 56.2
6 11.2 16.5 54.7
7 11.4 16.9 58.3
8 11.6 17.0 56.8
9 11.7 17.1 55.7
10 11.6 17.2 56.0
11 11.7 17.2 56.9
12 11.7 17.3 55.7
13 11.7 17.3 57.1
14 11.8 17.4 58.0

Fig. 2. Relationship between the conversion ratios of racemic methadone equivalent,
levomethadone/2 and buprenorphine/5 to slow-release oral morphine (SROM) over
the first 14 days of treatment.

C. Baschirotto et al. / Journal of Pharmacological Sciences xxx (xxxx) xxx 5
for a generally accepted methadone equivalent dose exists for
buprenorphine the dose ratio of 1e5 buprenorphine to SROM was
taken from the Austrian consensus statement from 2010.49 Ac-
cording to Fig. 2, the increase in the dose ratio is similar for racemic
methadone and buprenorphine. Based on methadone equivalent,
the dose ratio for levomethadone is lower.
3.4. Adverse events after switching to SROM

At the time of this analysis a total of 51 AEs were documented in
24 patients (14.2%). Of all AEs, 26 (51.0%) in 13 patients were re-
ported within the first four weeks, indicating that these events
occurred as a result of switching the substitution medication. In
Please cite this article as: Baschirotto C et al., Switching opioid-depen
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this article, only AEs are described for which data were available
and which occurred within the first four weeks after switching to
SROM. A detailed analysis of all adverse reactions (AEs as well as
adverse drug reactions - ADRs) will be carried out in another
publication on the main results of the SROMOS study.

Overall, 61.5% of all observed AEs were assessed as strong in
terms of severity, while 38.5% were considered to be moderate. In
3.9% of the cases, an assessment was not available due to missing
data. Amajority (61.5%) of all AEs had a possible, probable or certain
causal link with SROM. An unlikely causality was reported for
30.8%. No causal link between SROM and the occurrence of the AE
was documented in only 3.9% of all AEs. In 3.9% of the cases, no
information could be provided. Patients could not recover from
most of the AEs (46.2%). However, 34.6% were able to recover fully,
but for 7.7%, this recovery was associated with health consequences
for the patients, including the consequences of accidents and
withdrawal symptoms. For 11.5%, no information could be given on
the outcome of the AEs. In the narrow majority of patients, several,
in one person up to five, AEs occurred (53.9%) within four weeks
after switching to SROM. Only one AE was reported in 46.2%.

The documented AEs encoded in the SOCs were examined with
regard to their frequency of occurrence. The most frequently
documented AEs were classified as psychiatric disorders (26.9%).
These mainly included withdrawal symptoms such as craving,
perspiration or nausea. The second most common documented
events are gastrointestinal disorders such as diarrhoea or vomiting
(19.2%). These symptoms were also found in the category of psy-
chiatric disorders but were explicitly listed as withdrawal symp-
toms. If the symptom was mentioned exclusively, it was coded as
SOC gastrointestinal disorders. General disorders such as pain or
dizziness followed in third place (15.4%).

4. Discussion

The sociodemographic characteristics of the sample indicate
that the life expectancy of patients in OST has increased during the
past years. 28.4% of the patients in our study are 50 years and older.
The patients have been opioid-dependent for more than 22 years
on average. A recent representative study of more than 2000 pa-
tients in substitution treatment in Germany found comparable
results.50

Although the patients in our sample presented an unsatisfactory
OST course in terms of physical and/or mental health problems or
impairments (e.g. persistent heroin craving, debilitating side ef-
fects) they have undergone a substitution treatment for more than
7 years on average, most of the time in the same practice or clinic.
Therefore it is to be expected that many patients are well known to
the treating physicians.

The data indicates a relatively stable social situation of the pa-
tients. Four-fifths live in their own apartment, more than one-third
work full or part-time. This is even a higher rate than in the ran-
domized study of Falcato et al.51 that investigated the self-reported
craving under methadone and SROM treatment, in which almost a
quarter of the patient was employed.

The prevalence of HCV antibodies in our sample (58.5%) is
slightly lower to the prevalence found among PWID in 2014 in
Hamburg (67.7%) and 2013 in others German cities (Frankfurt on
theMain 64.5%, Cologne 66.5%, Hanover 73.0% andMunich 62.2%)52

aswell as to the estimatedworldwide anti-HCV prevalence in PWID
(60%e80% in 26 countries, higher than 80% in a further 12 countries
worldwide).53

The majority of the patients in this study was previously in OST
with levomethadone. One-fifth of the patients took buprenorphine
and only 17.8% racemic methadone. This does not accurately reflect
the situation of substitution treatment in Germany. The report of
dent patients in substitution treatment from racemic methadone,
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the German substitution register 2018 (data from July 2017) shows
that the majority was treated with racemic methadone (40.9%) and
just 34.0% with levomethadone. It is though noteworthy that the
percentage of patients treatedwith levomethadone in Germany has
been steadily rising for more than 10 years. The percentage of pa-
tients who received buprenorphine in this study is similar to that
reported in the substitution register 2018.54

The most mentioned reasons for the medication switch were
expected a decrease in heroin craving, expected better tolerability
of the drug and unsatisfying previous course of treatment. These
benefits are also remarked in the scientific literature: the advan-
tages of the substitution treatment with SROM versus methadone
are less craving for heroin, better tolerability and higher patient
satisfaction.36,43,44,48,51 When the physicians were asked to identify
the main reason for the switch the expectation of a stronger sup-
pression of heroin craving ranked first. The secondmain reasonwas
the expectation of a better effect on mental comorbidity. SROM
indeed appears to reduce depressive and anxiety symptoms.36,43,48

Other important advantages of SROM versus methadone that were
mentioned by the attending physicians are the absence of drug-
induced QTc interval prolongation in the ECG48 and the less inter-
action with other concomitant medications. This feature is partic-
ularly relevant because patients with drug use disorders show a
high prevalence of comorbidities and therefore, are frequently
treated with multiple drugs at the same time.7,40 The switch from
methadone to SROM could also be advantageous in patients car-
rying genetic variations, e.g. in CYP2C19 and who for this reason,
require a highmethadone dose. These patients may be treated with
a comparably lower dose of slow-release morphine.48

In the summary of product characteristics (SmPC), the phar-
maceutical company affirms that the switch from other substitu-
tion medications to morphine sulfate can be done from one day to
the next. This applies to the majority of patients in the study.
However, in some cases (less than one quarter) the switching
process took longer. Some prescribing physicians preferred to
titrate down the original substitution medication and at the same
time to titrate up the dosage of SROM. Since there is not an exact
equivalent dose when switching from one opioid to another, it
makes sense that the prescribing doctors would be conservative in
estimating the needed dose of SROM. This happened mostly when
patients were previously in OST with higher medication doses.

The conversion ratio methadone hydrochloride to morphine
sulfate suggested in the SmPC is 1:6 to 1:8. Similar data can also be
found in the most recent European studies. In 2004 Mitchell et al.
used lower conversion rates. The initial switching ratio of 1:3.5 had
to be increased to relieve bland withdrawal symptoms and to reach
the stable SROMmaintenance dose with an average ratio of 1:4.6.55

Eder et al. found the equivalence dose ratio racemic methadone to
SROM around 1:7.75 in 2005.36 Kastelic et al. indicated as appro-
priate a ratio of 1:8.45 Bond et al. in 2012 reported an average
switching rate of 1:7.5.44 The ratio 1:6 to 1:8 was used by Beck et al.
in the randomized cross-over study in 2014.42

The conversion ratio racemic methadone to SROM found in this
study is remarkably higher than indicated in most of the recent
scientific literature andalso compared to thenumber recommended
by the SmPC. The initial average dose ratio of 1:8.3 at the first
switching day has increased and reached the average value of 1:11.8
on the fourteenth day. The switching process levomethadone to
SROM startedwith an average rate of 1:13.8 and reached 1:17.4 after
two weeks. Considering that methadone is a racemic mixture of
equal amounts of left- and right-handed enantiomers and levome-
thadone is composed of only left-handed enantiomers, the dose
ratio of levomethadone found in this study is considerably lower
than twice the dose ratio of methadone. That confirms the hypoth-
esis that right-handed enantiomers contained in the racemic
Please cite this article as: Baschirotto C et al., Switching opioid-depen
levomethadone and buprenorphine to slow-release oral morphine:
Pharmacological Sciences, https://doi.org/10.1016/j.jphs.2020.06.004
methadone are not completely devoid of pharmacodynamic ac-
tion.56 This studyprovides thefirst dataunder routine careabout the
conversion ratio buprenorphine to SROM, which was 1:58.0 on the
fourteenth day of treatment. Based on amethadone equivalent ratio
of a buprenorphine dose divided by five, the conversion ratio
buprenorphine to SROM is similar to the racemic methadone ratio.

This data has been analyzed for the first time and can be
regarded as a standard orientation in medical practice until further
research is available. With nearly a quarter of all substituted pa-
tients, buprenorphine has been on the rise in Germany for a long
time for the treatment of opioid dependence. Due to its European
approval in 2019 as an injection depot formulation, buprenorphine
may become more important again. Throughout the European
Union, 34% of substituted patients are treated with medications
based on buprenorphine, and in eight countries, buprenorphine is
the main substitute.57 Thus, data on the switching process from
buprenorphine to SROM is of great importance regarding the
medical care of opioid-dependent people.

Some limitations of this study should be acknowledged. The
study was uncontrolled and carried out in several outpatient set-
tings. The sample is self-selected and relatively limited in number;
from eleven patients, there was no sufficient data for the analyses.
We must note that the study started more than 15 months after the
introduction of SROM into the German market. The most urgent
and motivated cases were already switched to SROM and thus not
eligible for study participation.

The strength of this study lies in its design, which allows to
evaluate the switching process under routine care conditions and
to include patients with many comorbidities. The purpose of this
analysis is indeed to analyze the switching process under real care
conditions to provide useful and practical indications for pre-
scribing physicians.

5. Conclusions

The switching processes varied depending on the previously
taken drug and its dosage. More than three-quarter of patients
were able to switch from one day to the next. After 14 days, all the
patients in this study completed the switching process to SROM.

The average dose ratio racemic methadone to SROM on the 14th
day of treatment was considerably higher than recommended in
the product information. Since a significant doseeresponse-corre-
lationwas found in the study by Beck et al.,42 this finding is relevant
for routine practice.

The present study provides the first data on the switching
process of buprenorphine to SROM. The average dose ratio bupre-
norphine to SROM on the 14th day of treatment was 1: 58.0.
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