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1 | INTRODUCTION

Drugs are an important treatment modality in health care, used
to cure, prevent, relieve and diagnose diseases. Both the num-
ber of approved drugs and the number of people exposed to
many drugs are increasing," which implies an increased risk

of drug interactions.

Abstract

Many people are treated with >1 drug, implying that risks of drug interactions need to be
considered. The aim of this study was to describe drug interaction queries from health-
care professionals to a drug information centre in Sweden over 10 years focusing on
drugs frequently asked about and the advice provided. Advice was recorded in mutually
exclusive groups: Avoid, Adjust dose, Separate intake, Vigilance or No problem. For
queries with Avoid, Adjust dose or Separate intake advice, alerts were extracted from an
interaction database (Janusmed). Of 4335 queries to the centre in 2008-2017, 589 (14%)
concerned interactions. Most were posed by physicians (91%) and concerned a specific
patient (83%) before treatment initiation (76%). Sertraline, warfarin and methotrexate
were the most frequently asked about, whereas queries about cyclophosphamide and
rifampicine occurred most often in relation to the number of exposed patients. Advice
provided in 557 (95%) replies comprised Avoid: n = 85 (15%), Adjust dose: n = 57
(10%), Separate intake: n = 17 (3%), Vigilance: n = 235 (42%) or No problem: n = 163
(29%). In all, 113 (71%) of 159 queries with Avoid/Adjust doselSeparate intake advice
elicited an action alert on Janusmed, whereas 31 (20%) did not result in any alert at all.
Summarized, seven in ten replies from the drug information centre recommended an
explicit drug treatment action, regarding either specific prescribing aspects, for instance
dose adjustments, or active follow-up including monitoring potential adverse reactions
and/or laboratory results. Readily accessible decision support regarding drug interac-

tions often provides relevant action alerts, but cannot be solely relied on.
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Depending on the type of interaction, desired effects
may be reduced or unwanted effects may be increased. The
underlying mechanism may be pharmacodynamic (PD) and/
or pharmacokinetic (PK). In a PD interaction, a drug either
potentiates or reduces the pharmacological effects of an-
other drug; in a PK interaction, a drug affects the absorp-
tion, metabolism or excretion of another drug,’ for example
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by reducing the formation of pharmacologically active
metabolites.”

In Europe, drug information centres have been available
to respond to health professionals’ drug-related queries for
many decades.>® The queries include concerns about adverse
reactions, pregnancy issues and interactions.”” From 1990
to 2012, the proportion of queries about interactions queries
increased.’” For these queries, several available sources of in-
formation can be used as a basis for the reply.10

To the best of our knowledge, interaction queries posed to
a drug information centre have not previously been charac-
terized. Such analyses could provide valuable insights as they
illustrate the need for interaction information from a clinical
perspective. Indeed, many scientific publications on interac-
tions are based on data from registers“’12 and therefore do
not perfectly reflect the clinical context. Analysing interac-
tion queries and replies can also contribute insights into the
type of advice provided in specific cases versus that provided
by general decision support systems.

The aim of this study was to describe healthcare profes-
sionals’ queries about drug interactions to a drug information
centre over 10 years, focusing on frequently queried drugs
and the advice provided.

2 | METHODS

The study was conducted in accordance with the Basic &
Clinical Pharmacology & Toxicology policy for experimen-
tal and clinical studies.'? It was approved by the Regional
Ethical Review Board in Gothenburg, Sweden (reference
number: 524-18).

We extracted all queries on drug interactions posed in
2008-2017 to the drug information centre in Region Vistra
Gotaland, in the south west of Sweden. This region has a pop-
ulation of 1.7 million (17% of the Swedish population), one
university hospital, eight general hospitals and approximately
200 primary healthcare centres. The queries are received by a
team of resident physicians, pharmacists and registered nurses,
who search and compile the available evidence in a reply to the
questioner, in close collaboration with a specialist in clinical
pharmacology who countersigns the contents. When further
clinical information is needed before a reply can be achieved,
the questioner is contacted. All queries are handled according
to a standard operating procedure, for example instructions on
which sources to search for interaction queries.

From each interaction query, questioner characteristics
were extracted, including profession, workplace and gender.
We also recorded whether the query concerned a specific pa-
tient or patients in general and whether the query was posed
prior to the initiation of treatment or during or after treatment.
In addition, we recorded whether the reply was provided by
phone or in writing.

We recorded the substances concerned in each query. If
two specific substances in combination were queried, both
were recorded. If the query concerned one substance in rela-
tion to a medication list, that substance and all on the speci-
fied list were recorded. The substances were categorized as
(a) drugs licensed for use in Sweden, (b) drugs licensed for
use in another country but not in Sweden, (c) herbal reme-
dies, (d) dietary supplements, (e) food and (f) recreational
drugs.

To relate drugs found most frequently in healthcare pro-
fessionals’ queries about drug interactions to the number
of exposed patients, we extracted the number of patients in
Region Vistra Gotaland who filled at least one prescription
for substances appearing in 10 or more queries. For this
purpose, we used publicly available data from the Swedish
Prescribed Drug Register (SPDR)."* This register covers all
prescription drugs dispensed by any pharmacy in Sweden,"
whereas over-the-counter drugs and drugs used in hospitals
are not recorded. The public part of SPDR does not allow
data to be aggregated over the years. Therefore, we used data
from 2017 as an approximation of the extent of use.

To determine the value of the reply to the questioner, we
assessed whether or not clinical advice was provided. For the
purpose of this study, we also categorized all queries answered
with advice in the following mutually exclusive groups: (a)
Avoid—an increased risk of severe adverse events or reduced
effects for >1 drug, (b) Adjust dose—the combination may re-
quire dose adjustments for >1 drug, (c) Separate intake—com-
bined treatment is possible, but requires administration at
separate times, via different administration routes, or a spe-
cific delay before changing to a new drug, (d) Vigilance—the
combination requires active follow-up and monitoring of po-
tential adverse reactions and/or laboratory samplings and (e)
No problem—according to what is known, the combination is
safe. These categories were chosen to reflect clinically rele-
vant alternatives to handle drug interactions. Each query was
categorized according to the most severe interaction identified
as indicated by the order of the categories.

In queries with Avoid, Adjust dose or Separate intake ad-
vice, we also recorded whether the case had been subject to an
action alert on the national open-access interaction database
(Janusmed),“’ which is also integrated into electronic health
record systems to support physicians’ treatment decisions.
Janusmed provides information about clinical consequences
and general recommendations for identified interactions, in-
cluding the underlying mechanism as well as the evidence.'’
The system allows many drugs to be entered in the same
search, but the alerts concern only two drugs at a time and
cover primarily PK interactions. In Janusmed, interactions
are classified into one of four groups: A indicates a minor
interaction without clinical relevance; B, an interaction where
the clinical relevance is uncertain or varies; C, a clinically
relevant interaction that can be handled by dose adjustments
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or separated intake; and D, a clinically relevant interaction
and a recommendation to avoid the drug combination.'® In
the electronic health record system, C and D interactions are
alerted. To determine to what extent the decision support sys-
tem elicits alerts in relevant cases, we recorded whether an
action alert, defined as a C or a D interaction, was elicited
when the drugs in queries with Avoid/Adjust doselSeparate
intake advice were entered (October/November 2018). If no
alert at all was elicited, including A-D interactions, we re-
corded whether substances other than licensed drugs were
involved and whether the drug information centre reply re-
ferred to PD or patient-related factors.

To learn which important substance combinations were
most often queried, we recorded all combinations for sub-
stances occurring in 10 or more queries with at least one
Avoid, Adjust dose or Separate intake piece of advice. For
these combinations, we also extracted the Janusmed alerts
(October/November 2018). For drug combinations with
Avoid/Adjust dose/Separate intake advice where no alert at
all, including A-D interactions, was elicited on Janusmed,
we recorded the type of substances queried about as well as
whether the drug information centre reply referred to PD or
patient-related factors.

To understand the extent of the efforts required to achieve a
reply, we recorded the sources cited, including (a) the Swedish
National Formula, which is based on the text in the Summary
of Product Characteristics,' (b) Janusmed,'” (c) Stockley's
Drug Interactions,”’ (d) Micromedex?!' and (e) scientific pub-
lications. We also recorded whether PK and/or PD consider-
ations were discussed in the reply, based either on (a) general
theoretical reasoning about aspects such as affiliated metabo-
lism within the cytochrome P450 system or to QT prolonga-
tion or (b) publications where the specific interaction had been
investigated in clinical studies or was reported in case reports.

21 |

We performed descriptive analyses using SPSS (IBM SPSS
Statistics for Windows, version 24.0). To relate the number
of queries to the extent of use of specific substances, we cal-
culated a ratio between the number of queries in 2008-2017
and the number of individuals treated in 2017. Values are
presented as counts (percentages), if not stated otherwise.

Statistics

3 | RESULTS

During 2008 to 2017, a total of 4335 queries were posed to
the regional drug information centre, 589 (14%) of which
were categorized as interaction queries. Characteristics of
the questioners, queries and replies are presented in Table 1.
Most queries originated from hospital care (n = 362, 61%)
were posed by a physician (n = 534, 91%) and concerned a
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specific patient (n = 486, 83%) before the initiation of treat-
ment (n = 446, 76%).

In the queries, 573 unique substances appeared, most fre-
quently within the drug groups antidepressants (n = 201),
antiepileptics (n = 121), antithrombotic agents (n = 110),
antipsychotics (n = 96), lipid-modifying agents (n = 72)
and antimetabolites (n = 65). A total of 326 (55%) queries
concerned two substances, and 115 (20%) queries concerned
five or more. The maximum number of substances in a single
query was 25 (n = 1, 0.2%). All queries concerned at least one
licensed drug, and 95 (16%) also concerned an unlicensed
drug, a dietary supplement, a food, a herbal remedy or a rec-
reational drug (Table 1). Sertraline, warfarin, methotrexate,
omeprazole and mirtazapine were the drugs most frequently
asked about; however, queries about cyclophosphamide and
rifampicine occurred most often in relation to the number of
exposed patients (Table 2).

3.1 |

In all, 557 (95%) of 589 replies provided clinical advice.
An explicit drug treatment action was suggested in 395
(71%) cases, concerning either specific prescribing matters
(n = 159, 29%) or conducting active follow-up (n = 235,
42%). Of the 159 replies with Avoid/Adjust dose/Separate in-
take advice, 113 (71%) elicited an action alert when entered
in Janusmed (Table 3). In contrast, 34 (21%) replies did not
result in any alert at all, whereas an A or B alert was obtained
in 12 (8%) cases. Some of the non-alerted queries included
unlicensed drugs (n = 4) or dietary supplements (n = 3).
Pharmacodynamic and patient-related aspects contributed
to the advice in 23 and 32 non-alerted queries, respectively.
The latter included aspects such as the presence of a disease
requiring extra caution or the use of multiple drugs with po-
tential additive interacting effects. Eight non-alerted replies
did not include any PD or patient-related aspects.

The 32 (5%) replies lacking advice either merely for-
warded information from another source, without any input
from the drug information centre (n = 25), or did not provide
advice with referral to the lack of scientific literature (n = 7).

Adyvice at the query level

3.2 | Adyvice at the drug combination level

The 27 substances asked about at least 10 times and the corre-
sponding advice regarding specific combinations are presented
in Table 4. In all, 355 (60%) queries concerned at least one of
these substances. In the replies, advice was provided for 996
substance combinations: Avoid (n = 107, 11%), Adjust dose
(n=179,8%), Separate intake (n=2,0.2%), Vigilance (n = 288,
29%) and No problem (n = 520, 52%). Within the Avoid, Adjust
dose and Separate intake pieces of advice, 20 (11%) substance
combinations occurred more than once. Tamoxifen/fluoxetine
and tamoxifen/paroxetine were the most common drug-drug
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TABLE 1 Characteristics of interaction queries posed to a drug

information centre in 2008-2017 (n = 589)

Questioner
Profession
Physician
Nurse
Dentist
Pharmacist
Other
Workplace
Hospital
Primary health care
Specialist clinic
Regional drug committee
Female
Query
Question formulation
General
Patient-specific
Timing
Before initiation of treatment
Drug treatment in progress
Drug treatment discontinued
Drugs
Licensed drugs
Unlicensed drugs
Food
Herbal remedy
Dietary supplement
Recreational drug
Reply
Handover
By phone
In writing
Pharmacokinetics
General
Specific
Pharmacodynamics
General
Specific
Resources
Swedish National Formula '°
National drug interaction database (Janusmed) 16
Stockley's drug interactions 20
Micromedex 2!

Scientific publications

n (%)

534 (91)
29 (5)
13 (2)

5(D)
8(1)

372 (63)
148 (25)
66 (11)

3(1)
383 (65)

103 (17)
486 (83)

446 (76)
118 (20)
25 (4)

589 (100)
43 (7)
20 (3)
16 3)

9(2)
7(1)

217 (37)
372 (63)

280 (48)
97 (16)

197 (33)
47 (8)

479 (81)
456 (77)
370 (63)
310 (53)

213 (36)
(Continues)

TABLE 1 (Continued)
n (%)
Clinical advice provided 557 (95)
Type of advice

Avoid 85 (15)
Adjust dose 57 (10)
Separate intake 17 (3)
Vigilance 235 (42)
No problem 163 (29)

interactions with Avoid recommendations, represented by re-
sponses to 5 and 4 queries, respectively.

When the 168 unique substance combinations resulting
in Avoid/Adjust dose/Separate intake advice were entered in
Janusmed, 123 (73%) elicited an action alert, 30 (18%) did
not result in any alert at all, and an A or B alert was obtained
in 15 (9%) cases. Some of the non-alerted combinations in-
cluded an unlicensed drug (n = 1) or a dietary supplement
(n =3), and PD and patient-related aspects contributed to the
advice in 9 and 16 cases, respectively.

The median number of sources cited in a reply was
4 (range 0-10). In 26 (4%) replies, the Swedish National
Formula and/or Janusmed were the only sources cited. A
total of 213 (36%) replies cited one or more scientific pub-
lications. Scientific publications on the PK or PD aspects of
a specific substance combination were cited in 97 (16%) and
47 (8%) queries, respectively.

4 | DISCUSSION
Over 10 years, 589 queries on interactions, representing 14%
of all queries, were posed to a drug information centre serv-
ing healthcare providers for a population of 1.7 million. The
typical query concerned a specific patient in the hospital set-
ting before the physician was about to initiate treatment. It
is reassuring that almost all interaction queries resulted in
clinical advice, as this is considered an important aspect of
the perceived quality of written responses.22 Seven in ten re-
plies suggested an explicit action, regarding either specific
prescribing matters, such as reducing/increasing doses and
recommending alternative drugs, or conducting active fol-
low-up, including monitoring potential adverse reactions and/
or laboratory results. The remaining three in ten replies stated
that the combination was safe from adverse interactions.
One in seven of the drug information centre replies sug-
gested that a combination should be avoided because of either
increased risk of adverse reactions or reduced beneficial ef-
fects. When entered in Janusmed, three in four of these cases
resulted in an action alert. Correspondingly, one in eight of
the drug information centre's replies recommended dose
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TABLE 2 Drugs evaluated in >10

interaction queries to the drug information
. . Substance
centre in 2008-2017 and query rate in

relation to the number of patients treated in Sertraline

2017 Warfarin
Methotrexate
Omeprazole
Mirtazapine
Carbamazepine
Simvastatin
Fluorouracil
Lamotrigine
Tamoxifen
Terbinafine
Rivaroxaban
Lithium
Isotretinoin
Fluconazole
Rifampicine
Bupropion
Methylphenidate
Quetiapine
Aripiprazole
Cyclophosphamide
Valproic acid
Cyclosporine
Tacrolimus
Clonazepam
Lymecycline

Colchicine

Basic & Clinical I &Toxicology

Treated individu- Queries/1000
Queries n (%) als n treated individuals
37 (6) 53717 0.6
31 (5) 23 543 1.3
30 (5) 9559 3.1
29 (5) 128 062 0.2
26 (4) 4091 0.6
23 (4) 5502 4.1
23 (4) 61796 0.3
22 (4) N/A® N/A?
21 (4) 9282 2.3
21 (4) 2824 7.4
20 (3) 5762 35
20 (3) 7503 2.7
20 (3) 3799 5
19 3) 1897 10
19 (3) 14 048 1
18 (3) 304 56
16 (3) 5906 3
16 (3) 10 806 1
15(2) 6959 2
14 (2) 4312
14 (2) 206 68
13 (2) 4360 3
12 (2) 825 15
12 (2) 5552 9
11(2) 1694 7
112 8217 1
10 (2) 734 14

Used in hospital care; information on the number of treated individuals not available.

adjustment or separated intake. When entered in Janusmed,
two in three of these cases resulted in an action alert. The
discrepancies between replies from the drug information

TABLE 3 The most severe piece of advice in the 557 replies
providing such guidance, and the corresponding recommendation in
Janusmed. Values are presented as n (per cent)

Janusmed
Total Action alert  No action alert”
Avoid 85(15) 64 (75) 21 (25)
Adjust dose 57 (10) 40 (70) 17 (30)
Separate intake 17 (3) 9 (53) 8 (47)

“Janusmed categories C (=clinically relevant interaction that can be handled
by dose adjustments or separated intake) or D (=clinically relevant interaction
where the recommendation is to avoid the drug combination).

PNo interaction alert or Janusmed categories A (=minor interaction without
clinical relevance) or B (=clinical interaction where the clinical relevance is
uncertain or varies).

centre and results obtained for the same substances entered
in Janusmed suggest that such a system cannot be solely re-
lied on. Indeed, this decision support focuses on PK interac-
tions, and a substantial number of these replies concerned
PD aspects. Further, as stated in Janusmed, the information
provided is general and needs to be interpreted in the con-
text of the specific patient, considering, for instance, medical
history, age and renal function. Our finding that patient-re-
lated factors contributed in advice provided from the drug
information centre support such an approach in prescribing.
These findings accord with those found for the applicability
of general indicators of prescribing quality.23 They may also
illustrate that pharmacotherapy is a complex art, where bene-
fits must be weighed against risks according to the condition
and preferences of the specific patient. An overemphasis on
algorithms may make health care less patient-centred, and
evidence-based guidelines often map poorly to complex mul-
timorbidity.24 Nevertheless, interaction alerts integrated into
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TABLE 4 Drugs evaluated in >10 interaction queries to the drug information centre in 2008-2017, the clinical advice provided®, and

specific combinations where Avoid, Adjust drug or Separate intake was recommended, as well as the corresponding level of alert in Janusmed® (in

parentheses)

Substance

Sertraline

Warfarin

Methotrexate

Omeprazole

Mirtazapine

Carbamazepine

Simvastatin

Tamoxifen

Fluorouracil

Adpvice for specific
combinations®

3/1/0/9/35

9/0/0/16/19

7/0/0/17/9

0/1/0/3/43
0/2/0/10/31

6/10/0/19/24

12/1/1/8/35

21/0/0/14/29

1/2/0/19/25

Avoid

\Desmopressin (-)
Linezolid (D)

1 Varenicline (-)
1Cox-inhibitors (D)
,Nabumeton (D)
1Omega-3 (B)
1Oxandrolone (-)
Primidone (C)
Propafenone (C)
,Rifampicin® (C)
1Acitretin (D)
\Ciprofloxacin (C)
,Isotretinoin® (-)
,Lymecycline® (C)
{Meropenem (-)

©)
)

Abiraterone (C)
Docetaxel (C)
1Enzalutamide (C)
\Felodipine (D)
1Rivaroxaban® (C)
Tamoxifen® (D)

Azithromycin (B)

\Clarithromycin (D)

sFluconazole’ (B)

1Garcinia-Mangostana (-)
,Grapefruit juice (D)

Imatinib (C)
1Mikonazol (-)

Podophyllotoxin (C)

Supergreen (-)
sBupropion® (D)

Carbamazepine® (D)

1Cinacalcet (D)
;Duloxetine (D)
sFluoxetine (D)

Levomepromazine (-)

4Paroxetine (D)
1Quinidine (D)
1Ritonavir (B)

1 Terbinafine® (C)

\Flecainide (-)

Adjust dose
\Rifampicin® (C)

)

O]

{Mycophenolate (C)

,Carbamazepine‘ (C)
\Rifampicine® (C)
JAripiprazole‘ (C)
,Colchicine® (D)
Cyclophosphamide® (C)
Desloratadine (-)
Fentanyl (C)
Ibuprofen (-)
Mirtazapine® (C)
1Quetiapine® (D)
{Tramadol (C)
1Zonisamide (C)

Imatinib (C)

)

{Phenytoin (C)
Tocopherol (-)

Separate intake

)

Q)
¢

©)

Cholestyramine (-)

(Continues)
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TABLE 4

Substance

Lamotrigine

Terbinafine

Lithium
Isotretinoin

Fluconazole

Rivaroxaban

Rifampicine

Bupropion

(Continued)

Methylphenidate

Adyvice for specific
combinations®

0/6/0/9/28

4/4/0/10/24

0/1/0/22/22

2/0/0/15/13

12/7/0/5/33

6/1/0/7/7

7/17/0/3/8

5/5/0/6/8

1/3/0/7/13

Avoid
)

sMetoprolol (C)
,Tamoxifen® (C)

)
,Methotrexate® (-)
»Atorvastatin (C)
Budesonide (C)
1Clopidogrel (C)
,Fentanyl (D)
(Fluvastatin (C)
1Mefloquine (-)
Phenobarbital (-)
Prednisolone (B)

,Simvastatin® (B)

Carbamazepine® (C)

Efavirenz (C)
{Enzalutamide (C)
Glucosamine (-)
,Rifampicin® (C)
»2Apixaban (C)
Bedaquiline (D)
1Mefloquine (D)
1Quetiapine® (D)
1Rivaroxaban® (C)
Warfarin® (C)

sTamoxifen® (D)
,Tramadol (D)

1Clomipramine (C)

Basic & Clinical I &Toxicology

|7

Adjust dose

Clonazepam® (B)
\Drospirenone/
ethinyl estradiol (C)
\Escitalopram (-)
1Quetiapine® (C)
(Ritonavir (C)

\ Valproic acid® (C)
|Aripiprazole® (-)
Paroxetine (C)

1 Venlafaxine (B)
1Zuclopenthixol (C)
{Metronidazole (B)
O]

(Amitriptyline (C)
1Atorvastatin (C)
\Felodipine (C)
Prednisolone (B)
Phenytoin (C)
1Quetiapine® (C)
Budesonide (C)

|Abiraterone (-)

(Amitriptyline (C)
JAripiprazole‘ (C)
1Celecoxib (C)
Clindamycin (B)
,Cyclosporine® (C)
Delamanid (D)
{Donepezil (C)
1Escitalopram (C)
Linezolid (C)
Mirtazapine® (C)
Nitrazepam (C)
1Ondansetron (C)
Paroxetine (-)
Prednisolone (C)
Reboxetine (C)
\Sertraline® (C)

{ Valproic acid® (C)
|Citalopram (B)
1Clopidogrel (C)
Dabrafenib (-)
Dapoxetine (-)

1 Vortioxetine (C)
\Energy drinks (-)
Fluoxetine (-)
1Oxicodone (-)

Separate intake

)

)

©)

)

(Continues)
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TABLE 4 (Continued)
Adyvice for specific
Substance combinations® Avoid Adjust dose Separate intake
Quetiapine 1/2/0/11/21 \Rifampicin® (D) Carbamazepine® (D) )
\Fluconazole® (C)
\Lamotrigine® (C)
Cyclophosphamide 1/2/0/9/14 1Flecainide (-) Carbamazepine‘ (C) )
Phenytoin (C)
Aripiprazole 0/4/0/10/13 ) ,Carbamazepine‘ (C) (-)
\Levomepromazine (B)
\Rifampicine® (C)
, Terbinafine® (-)
Valproic acid 4/3/0/12/12 Ertapenem (D) 1Cisplatin (C) )
Imipenem (D) \Lamotrigine® (C)
1Meropenem (D) Rifampicine® (C)
1 Topiramate (C)
Cyclosporine 1/2/0/12/10 Grapefruit juice (D) ,Colchicine® (D) )
\Rifampicin® (C)
Tacrolimus 2/1/0/9/5 1Cranberry (C) Ibrutinib (-) )
Pomegranate (C)
Clonazepam 0/1/0/12/19 -) \Lamotrigine® (B) -)
Colchicine 0/2/1/8/17 ) Carbamazepine® (D) By, ()
|Cyclosporine‘ (D)
Lymecycline 2/0/0/6/3 ,Methotrexate® (C) (-) )

Note: Subscript number denotes the number of queries in which the specific combination appeared.

*Avoid/Adjust dose/Separate intake/Vigilance/No problem (in order of severity).

® Janusmed: (A) = minor interaction without clinical relevance, (B) = clinical interaction where the clinical relevance is uncertain or varies, (C) = clinically relevant

interaction that can be handled by dose adjustments or separated intake, (D) = clinically relevant interaction where the recommendation is to avoid the drug combina-

tion, (-) = no interaction alert.

“Includes more than one of the most frequent substances (ie the combination is presented for both substances).

medical records may be valuable: the prescriber can directly
assess whether an interaction alert is clinically relevant and
needs to be acted upon for specific patients given their clini-
cal condition and overall drug treatment.'”*

In 2018, Janusmed had information on 23 102 substance
combinations.'® Although the coverage of this database is im-
pressive, our results illustrate that reliance solely on an alert tool
may entail risks; one in five cases with Avoid/Adjust doselSep-
arate intake recommendations were not alerted at all. Indeed,
studies on the clinical benefits of drug interaction alerts report
various results.”! 32627 Therefore, although electronic decision
support systems may facilitate clinical decision-making, it is
essential that physicians also have adequate pharmacologic
skills. Key learning outcome during medical school, includ-
ing drug interactions in clinical pharmacology and therapeu-
tics, has been plroposed.28 Increased pharmacological training
may be necessary for physicians to acquire sufficient prescrib-
ing skills, and performing medication reviews during medical
school may increase the reflection on drug interactions.”

The educational value of responses from a drug infor-
mation centre is illustrated by the included discussions
on general PK and PD aspects. Continuing education
after medical school is important, in particular as medical

school may not provide all students with sufficient knowl-
edge within pharmacotherapy.30’31 As the standard oper-
ating procedure of our drug information centre entails a
literature search, our finding that PK/PD publications for
specific combinations were seldom cited may illustrate the
scarcity of such evidence. Therefore, appropriate theoreti-
cal reasoning, based on a comprehensive understanding of
the complexity of PK/PD, is essential among prescribers.
In recent years, replies of general interest from our centre
have been entered in an established open database®*? in
order to disseminate drug information.

We were not surprised that sertraline, omeprazole and
simvastatin were among the substances appearing most often
in the drug interaction queries. These drugs are among the
most frequently used in our region, as shown by the num-
ber of treated individuals. For the drugs most often queried
about, combination use was usually considered safe or ac-
tive follow-up was encouraged, illustrating that interactions
may not be a major problem in most cases. Nevertheless, as-
surance about the absence of expected interactions has been
shown to be valuable to prescribers.34

Drugs well known to affect metabolizing enzymes
within the cytochrome P450 family, including the inducers



TUKUKINO ano WALLERSTEDT

rifampicine and carbamazepine as well as the inhibitors flu-
conazole, terbinafine and bupropion, were among those often
asked about. Other drugs frequently asked about were those
with a narrow therapeutic window, for example warfarin,
methotrexate, lithium, colchicine, tacrolimus, cyclosporine,
cyclophosphamide and fluorouracil.'®*>% It has previously
been shown that relatively few drugs account for the great
majority of the drug-drug interactions,” and our results sug-
gest that questioners are well informed about risk drugs, pos-
ing queries upon uncertainties.

Tertiary sources are common in drug information cen-
tre replies regarding interaction queries.*® In the pres-
ent study, almost all replies cited sources other than the
Swedish National Formula and Janusmed. Indeed, more
than half of the replies cited Stockley's drug interactions
and Micromedex, respectively, databases that include both
PK and PD interactions but occasionally lack data on drugs
which are relevant in the Swedish setting. These results
suggest that queries are posed when physicians are making
complex clinical decisions and readily accessible sources
do not suffice; this supports previous arguments in favour
of the role of a drug information centre.’ Compared with
standard drug interaction databases, more than half of clin-
ically relevant drug interactions have been reported to be
missing or insufficiently characterized in the Summary of
Product Characteristics.” Our results suggest that inter-
action databases also have limitations regarding their ap-
plicability at the individual level. The challenges for drug
information centres to provide decision support for indi-
vidual patients have been discussed before.” Interestingly,
non-licensed substances were included in one in six que-
ries, illustrating the lack of easily accessible information in
such cases. For example, eight in ten queries about colchi-
cine were posed prior to its market authorization.

An important strength of this study is that it provides
compiled information on interaction queries received by a
drug information centre. Covering a 10-year period and al-
most 600 replies, the study contributes important insights
on drug interaction issues in health care. A limitation of the
study is that it includes queries posed to one drug information
centre only. However, replies from such centres have been
shown to be concordant, and the quality assessed as satisfac-
tory to good, provided that they were countersigned,40 which
is standard procedure in our centre. Nevertheless, although
our aim was to reflect clinical practice, it may be regarded
as a limitation that the replies and advice were not validated.
No interaction queries with an available reply were excluded,
and the external validity of the results should therefore be
acceptable. Another strength of the study is that it high-
lights the necessity of pharmacological understanding in the
clinical context, given that relevant information was some-
times not obtained in an interaction database with general

Basic & Clinical I &Toxicology

recommendations. Nevertheless, the number of Avoid/Adjust
doselSeparate intake recommendations was quite low con-
sidering the years and therapeutic areas covered. Regarding
the discrepancies found between the drug information centre
advice and the Janusmed alerts, it must be acknowledged that
the latter are revised over time, in response to emerging ev-
idence. Therefore, the Janusmed alerts in 2018 may not be
consistent with those provided in earlier years. Further, like
other interaction databases,zo’21 the Janusmed alerts concern
only two drugs at a time, but in our study almost half of the
queries involved interactions between more than two drugs.

S | CONCLUSION

This study shows that drug interaction queries from health-
care professionals often concern specific patients. In most
cases, the drug information centre recommends an explicit
action in drug treatment, regarding either the prescribing per
se or an active follow-up. Readily accessible decision support
regarding drug interactions often provides action alerts when
relevant, but cannot be solely relied on.
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