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increased toxicity or decreased efficacy of the drugs. Most of 
the time, this simply involves surveillance of biological or 
clinical parameters. Collaboration with a clinical pharmacist 
may be useful for the prescribing physician.

  © 2013 S. Karger AG, Basel

  Introduction

  Cancer patients are particularly susceptible to drug in-
teractions (DIs) for several reasons. Many of them are 
 ≥ 65 years old, have several comorbidities and frequently 
take many medications  [1] . The risk of interactions is fur-
ther increased by (1) multiple prescribers for a single pa-
tient  [2] , and (2) the use, often without the awareness of 
prescribers, of over-the-counter (OTC) drugs, herbs or 
vitamins  [3] .

  Anticancer agents usually have a narrow therapeutic 
index, and therefore, a slight increase or decrease in cyto-
toxic activity due to a DI can have major consequences 
 [3] . An observational study using medical records and 
autopsy analysis showed that 4% of deaths among cancer 
patients were caused by chemotherapy itself, and serious 
drug-drug or drug-disease interactions were sometimes 
suspected  [4] .

 Key Words

  Oncology · Antineoplastic agents · Drug interactions · 
Observational study

  Abstract

   Background:  Patients with cancer are particularly suscepti-
ble to drug interactions (DIs), but the extent of the problem 
has received limited attention. We aimed to evaluate the fre-
quency of interactions with anticancer agents in a group of 
cancer patients.  Methods : The study was performed in a Bel-
gian teaching hospital. One hundred and twenty-two pa-
tients with solid malignancies were included. A comprehen-
sive drug history was performed by a clinical pharmacist. 
Three renowned DI compendia were used to identify DIs.
 Results:  Forty-one potential interactions involving an anti-
cancer agent and considered to be clinically significant were 
identified among 25% of patients. The anticancer drugs 
mostly involved were cisplatin and methotrexate, and the 
most frequent co-medications involved were vitamin K an-
tagonists, proton pump inhibitors and diuretics. In the major-
ity of cases, the potential adverse consequence was increased 
toxicity of the anticancer agent and/or of the co-medication. 
Less than 10% of DIs were identified by the three compendia. 
 Conclusions:  Preventive measures should be taken to avoid 
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  Renowned databases  [5–7]  and literature reviews  [3, 
8–11]  display dozens of DIs involving anticancer drugs. 
For example, fluorouracil can increase the anticoagulant 
effect of coumarins  [3, 9] , cotrimoxazole or pantoprazole 
may increase the toxicity of methotrexate  [8, 12] , and 
even fatal cases of fluorouracil or methotrexate toxicity 
have been reported in patients who receive sorivudine or 
non - steroidal anti-inflammatory drugs (NSAIDs), re-
spectively  [3, 8] . Interactions can also occur with food, 
alcohol or herbs. For example, some components of 
grapefruit juice can increase the bioavailability of drugs 
through inhibition of the cytochrome P450 3A4  [13] , St. 
John’s wort may accelerate the metabolism of imatinib 
 [14] , and alcohol may increase the toxicity of methotrex-
ate  [15] .

  Therefore, the risk of DIs in cancer patients is impor-
tant to consider and has been the object of several studies 
 [16–22] . A recent systematic review found that approxi-
mately one third of ambulatory cancer patients had po-
tential DIs, but only limited data were found on the clin-
ical consequences of DIs  [10] . Individual studies had im-
portant weaknesses. First, most studies were retrospective 
in nature. Second, none of them used more than one 
source of information to detect DIs, although there is 
good evidence that no single source has sufficient sensi-
tivity to detect DIs  [23–27] . Third, previous studies did 
not take into account interactions with complementary 
or alternative medications, herbs or food.

  The objective of this study was to evaluate, in a group 
of cancer patients, the frequency of clinically relevant in-
teractions between anticancer agents and any of the fol-
lowing: other prescribed drug, other anticancer agent, 
OTC drugs, herbs, vitamins, grapefruit juice, alcohol or 
tobacco. Secondary objectives were to identify the types 
of drugs mostly involved and to describe adverse conse-
quences and management. 

  Methods

  The study was conducted at CHU Mont-Godinne (Yvoir, Bel-
gium), a 421-bed teaching hospital, from November 2008 to Janu-
ary 2009 (9 weeks). The study was approved by the local Ethics 
Committee. All patients with a solid tumor and receiving chemo-
therapy were eligible. Patients were included if, during the study 
period, they came to the day hospital to be administered an intra-
venous product (mostly their chemotherapy, and in a few cases 
disphosphonates or albumin) or if they were admitted to the on-
cology ward. Patients who did not take any drug in addition to 
their chemotherapy regimen or with only short-term treatment 
linked to chemotherapy (such as a setron or glucocorticoids) were 
excluded. Each patient provided oral informed consent. As the 

study was observational in nature, written consent was not re-
quired.

  For each patient included, a clinical pharmacist performed a 
detailed drug history with the patient, using a piloted structured 
questionnaire (available upon request). The objective was to pre-
cisely identify all drugs taken by the patient in addition to the che-
motherapy regimen (named ‘co-medications’ in this paper), in-
cluding the following: prescribed drugs, OTC drugs, plants and 
vitamins. In addition, the clinical pharmacist collected the follow-
ing data from the electronic health record and through patient in-
terview: age, type of cancer, chemotherapy regimen, tobacco, alco-
hol and coffee consumption, contact details of the general practi-
tioner (GP) and the community pharmacist. When patients could 
not remember all their medications and if they agreed, the com-
munity pharmacist was called, and when necessary, the GP could 
also be contacted. Sometimes the patients themselves provided ad-
ditional information when they were back home.

  The clinical pharmacist then searched for DIs with each anti-
cancer agent taken by each patient. All anticancer agents were tak-
en into account, irrespective of the type of agent (e.g., monoclonal 
antibodies and protein kinase inhibitors were also included), route 
of administration (i.e. intravenous as well as oral agents were con-
sidered) and day(s) of administration. Three DI sources were used: 
Micromedex ®  Healthcare Series online, Epocrates ©  online (free 
version) and Stockley’s ©  Drug Interactions  [5–7] . These sources 
were selected because they have good performance rankings in 
terms of sensitivity, specificity, completeness or ease of use  [23, 
28–31] . A selection of the most clinically relevant DIs was done. 
Micromedex classifies DIs into 5 categories of severity: contraindi-
cated, major, moderate, minor, and unknown. For this study, only 
the first 3 were selected. In Epocrates, DIs are classified as ‘contra-
indicated’, ‘avoid/use alternative’, ‘monitor/modify treatment’, 
‘therapeutic advantage’, and ‘caution advised’. Only the first 3 class-
es were selected. In Stockley’s, there is no explicit ranking system 
in terms of clinical significance, severity or level of evidence. Using 
the narrative text describing each interaction, we excluded DIs de-
scribed as ‘unlikely’ or ‘of minor clinical significance’.

  All interactions described in at least one of the aforementioned 
sources were recorded. Prevalence was calculated, and a descrip-
tive analysis of the characteristics of DIs was done with regard to 
drugs involved, severity, adverse consequences, management, and 
source of information.

  Results

  During the study period, 136 patients with a solid tu-
mor and receiving chemotherapy were evaluated for in-
clusion. Fourteen patients were excluded because they 
had no co-medications or only a short-term treatment 
linked to chemotherapy. The characteristics of patients 
included (n = 122) are described in  table 1  .  The mean age 
was 63 years (range 29–85). Patients took an average of 
7.5 co-medications (range 1–22).

  A total of 41 potential interactions considered as clin-
ically significant were identified. Thirty patients (24.6%) 
had at least 1 interaction involving their anticancer 
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agent(s), 9 patients (7.4%) had 2 interactions and 1 pa-
tient (0.8%) had 3 interactions. Beside interactions be-
tween two anticancer agents, 23 patients (18.9%) had at 
least 1 interaction involving their usual therapy. 

  The characteristics of DIs are presented in  table  2 . 
Among the 18 interactions described in Micromedex, 10 
(55.6%) were considered as of major severity and 11 
(61.1%) got an excellent documentation. In contrast, only 
2 (10%) of the 20 interactions found with Epocrates were 
set in the ‘contraindicated’ or ‘avoid/use alternative’ 
group. Only 7% of interactions were reported in the three 
sources, and 66% were reported in only one of the three 
sources. Potential adverse consequences were far more 

often increased toxicity than decreased efficacy. For in-
teractions between an anticancer agent and a drug taken 
for a different purpose, the affected drug was the latter in 
two third of cases and the anticancer agent in one third of 
cases. With regard to management, most of the time sur-
veillance was required and sufficient. Sixteen DIs (39.0%) 
were pharmacodynamic and 22 (53.7%) were pharmaco-
kinetic in nature. Three (7.3%) interactions had an un-
known mechanism.

  Table 1.   Characteristics of patients (n = 122)

 Demographics 
 Age, years  63.4   ±   10.9 
 Age ≥   65 years 58 (47.5) 
 Women 59 (48.4) 
 Outpatients 105 (86.1) 

 Type of cancer 
 Gastrointestinal 34 (27.9) 
 Lung 29 (23.8) 
 Breast 27 (22.1) 
 Genitourinary 10 (8.2) 
 Gynecologic 5 (4.1) 
 Skin 4 (3.3) 
 Brain 2 (1.6) 
 Miscellaneous 11 (9) 

 Anticancer agents most frequently used 1  

 Fluorouracil 35 (28.7) 
 Cisplatin 27 (22.1) 
 Gemcitabine 19 (15.6) 
 Docetaxel 17 (13.9) 
 Cyclophosphamide 15 (12.3) 
 Irinotecan 13 (10.7) 
 Epirubicin 11 (9.0) 

 Drugs used (other than chemotherapy) 
 Prescribed drugs 5.3   ±   3.2 
 ≥   5 prescribed drugs 63 (51.6) 
 ≥   10 prescribed drugs 11 (9.0) 
 OTC drugs 1.4   ±   1.1  
 ≥   1 OTC drug 98 (80.3) 
 Plants/vitamins 0.7   ±   1.3  
 ≥   1 plant/vitamin 44 (36.1) 
 Total co-medications 7.5   ±   3.7  

  Values are means ± standard deviation or n (%). Co-medica-
tions include all drugs taken by the patient in addition to the che-
motherapy regimen.

  OTC = Over-the-counter.  1  Some patients received more than 
1 anticancer agent.  

  Table 2.   Characteristics of interactions (n = 41)

  Drug   involved     
 Between an anticancer agent and a prescribed drug  23 (56.1) 
 Between two anticancer agents  10 (24.4) 
 Between an anticancer agent and miscellaneous

products 1  
7 (17.1) 

 Between an anticancer agent and an OTC drug 1 (2.4) 

  Significance  
 According to Micromedex (n = 18) 

 Considered as major interactions 2   10 
 Considered as moderate interactions 3  8 

 According to Epocrates (n = 20) 
 Considered as ‘contraindicated’ or

‘avoid/use alternative’ 
2 

 Considered as ‘monitor/modify treatment’  18 

  Adverse   consequences  
 Increased toxicity of both drugs  14 (34.1) 
 Increased toxicity of anticancer agent  11 (26.8) 
 Increased toxicity of co-medication 9 (22) 
 Decreased efficacy of anticancer agent 6 (14.6) 
 Decreased efficacy of co-medication 1 (2.4) 

  Management   (as recommended in the sources used)  
 Monitoring  26 (63.4) 
 Avoid interaction 6 (14.6) 
 Change dosage 4 (9.8) 
 Substitute for another drug 3 (7.3) 
 Nothing suggested 2 (4.9) 

  Sources   of   information  
 Interactions found in the 3 sources 3 (7.3) 
 Interactions found in only 1 source  27 (65.9) 
 Interactions found only in Micromedex 5 (12.2) 
 Interactions found only in Epocrates  13 (31.7) 
 Interactions found only in Stockley’s 9 (22) 

  Values are n (%).
   1  Tobacco, alcohol, grapefruit juice, caffeine, vitamin (folic 

acid).
   2  Major: the interaction may be life threatening and/or require 

medical intervention to minimize or prevent serious adverse effect.
   3  Moderate: the interaction may result in exacerbation of the 

patient’s condition and/or require an alteration in therapy. 
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  The anticancer drugs mostly involved in interactions 
were cisplatin (n = 12, including 8 with another antican-
cer agent), methotrexate (n = 6, including 1 with another 
anticancer agent), lapatinib (n = 4), and fluorouracil (n = 
4). The most frequent co-medications interacting with 
chemotherapy were diuretics (n = 5), vitamin K antago-
nists (n = 4), proton pump inhibitors (n = 4), anticonvul-
sants (n = 2), and lipid-modifying agents (n = 2). The only 
OTC drug and the only vitamin involved in an interaction 
were an NSAID and folic acid. Proton pump inhibitors 
were not available as OTC drugs at the time of the study.

  A detailed description of the 41 interactions is pro-
vided in  table 3 .

  Discussion

  The present study shows that almost 25% of patients 
had at least 1 interaction of clinical significance involving 
their anticancer agent(s). Even after discounting interac-
tions between two anticancer drugs, an interaction was 
still detected in 19% of patients. 

  Although direct comparison is difficult, the incidence 
seems to be higher than in previous studies. One study 
that focused on oxaliplatine and irinotecan found a clini-
cally significant DI in 12% of patients  [18] . Another study 
that focused on pharmacokinetic interactions affecting 
the activity of the anticancer agent found a 5% prevalence 
rate  [20] . Other studies found similar  [10, 16–17]  or high-
er  [19, 21]  rates of DIs, but the interactions considered 
were not limited to DIs with anticancer agents.

  This high incidence might be a consequence of our at-
tempt to maximize sensitivity. This was done in two ways. 
First, special attention was paid to obtain comprehensive 
drug history. Second, three different sources were used to 
identify DIs. Many studies have shown discrepancies in 
listing and rating systems between different DI sources 
 [23–26] . The three sources selected – even if they are re-
nowned and widely used worldwide  [23, 26, 31]  – are no 
exception to the rule. Only 3 (7.3%) interactions were re-
ported in the three sources and 27 (65.9%) were reported 
in only one of them. This highlights the need to use a 
combination of sources of information, even when focus-
ing on clinically significant interactions.

  One fourth of DIs involved two anticancer agents. 
These combinations usually belong to validated proto-
cols, and adverse effects are usually carefully monitored 
by oncologists.

  In contrast, more than half of the interactions involved 
a prescribed drug other than an anticancer agent. The in-  T
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teracting drugs were almost always prescribed by differ-
ent prescribers (e.g., an oncologist and a GP). This in-
creases the risk of not detecting the interaction, and 
therefore, the risk of an adverse drug event (ADE).

  Similarly to previous studies, the use of complemen-
tary medicines or products was frequent  [32, 33] . Pre-
scribers are often unaware of their use for several reasons: 
for example, because patients fear disapproval  [3, 8, 34, 
35] . Nevertheless, the prevalence of interactions with 
OTC drugs, plants and vitamins was found to be low. This 
could be due to the low sensitivity of the sources used, at 
least for DIs with plants. In fact, no interaction involving 
a plant was detected with any of the three sources used, 
but a separate search in two specific sources of informa-
tion  [36, 37]  identified 2 DIs with plants (garlic inducing 
the metabolism of etoposide, and black cohosh increasing 
the toxicity of paclitaxel). Stockley’s Herbal Medicine In-
teractions textbook was not available at the time of the 
present study, but could be used in future studies  [38] .

  Different recommendations can be made to decrease 
the risk of DIs in clinical practice.

  First, oncologists and GPs should pay special attention 
when prescribing drugs more likely to interact. The need 
for co-medication has to be reassessed. If both drugs are 
necessary, most of the time, clinical or biological surveil-
lance is required. Some doses might need adjustment 
(e.g., coumarins, fentanyl), and in some cases, the co-
medication (e.g., NSAIDs) can be temporarily discontin-
ued. If the latter is not possible, the drug can be replaced 
by another drug with a lower potential to interact (e.g., 
ranitidine instead of proton pump inhibitors)  [5, 11, 39, 
40] . Although these options seem relatively easy to imple-
ment in practice, oncologists are often reluctant to apply 
them  [41] . They acknowledge little communication with 
pharmacists and have confidence in their ability to man-
age various degrees of toxicity.

  Second, clinical pharmacists can contribute to better 
prevention and detection in different ways  [12, 37] . They 
can compound educational tools for prescribers, answer 
specific questions asked by prescribers or even play a pro-
active role by checking each patient’s therapy.

  Third, patients themselves should be aware of the risk 
of DIs. They should keep an updated list of their medica-
tions and present this list to each doctor they see  [42] , 
they should not practice self-medication without talking 
to their doctor and ought to pay attention to the warning 
signs of ADEs  [11] .

  Fourth, the classifications of the severity and scientific 
evidence of DIs in existing sources of information should 
be standardized to minimize confusion  [24] .

  Finally, automated detection of DIs through comput-
erized prescribing order entry and clinical decision sup-
port systems could be valuable to better detect DIs. How-
ever, this would require sharing prescription data across 
care settings. Unfortunately, this is currently not available 
in most cases.

  The present study has several limitations. First, simi-
larly to previous studies  [16–18, 20, 41] , we did not evalu-
ate the clinical impact of DIs. A longitudinal cohort de-
sign and a larger sample would have been required. Nev-
ertheless, we excluded DIs of minor clinical significance. 
Even though not all patients taking two interacting drugs 
will experience an ADE, harmful consequences must not 
be neglected  [43] . In the present study, a patient taking 
warfarin had her international normalized ratio rising to 
8.2, following the use of capecitabine and lapatinib. Sec-
ond, the study was monocentric. However, the center has 
large activities in oncology, and the patients included 
were cared for by several oncologists. Third, the preva-
lence of DIs might have been underestimated, because 
few patients were taking a tyrosine kinase inhibitor or 
methotrexate, two drugs with a large potential to interact. 
A new study including patients with hematological can-
cers could provide valuable information.

  In conclusion, this study confirms that most cancer 
patients take many drugs besides their chemotherapy and 
shows that a fourth of patients have at least 1 DI of clini-
cal relevance. Unfortunately, little is known about the 
prevalence of ADEs due to these interactions. Despite 
this, it is essential that preventive measures are taken to 
avoid increased toxicity or decreased efficacy of the drugs. 
Most of the time, this simply involves surveillance of bio-
logical or clinical parameters. Collaboration with a clini-
cal pharmacist might also be useful. An educational leaf-
let focusing on the most frequent and relevant DIs identi-
fied in the present study has been made available for 
prescribers. 
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