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Abstract

Background The use of highly toxic drugs in cancer treatment and supportive care medications exposes patients to an
increased number of drug-related problems (DRPs). Clinical pharmacists contribute to the optimal use of medications by
intervening in identified drug-related problems. Objective To evaluate the relevance of a comprehensive medication manage-
ment service in oncology patients. Setting Marmara University Teaching and Research Hospital Medical Oncology Ward,
Istanbul, Turkey. Methods This prospective study was carried out between December 2015 and April 2016 with adult patients
with confirmed malignancy. Comprehensive medication management was performed by the clinical pharmacist throughout
the patient’s hospital stay. The medication-related data as well as data regarding demographic and general health status of the
patients were reviewed for the presence of drug-related problems. The identified problems, interventions and acceptance rate
by physicians were recorded with the help of the Pharmaceutical Care Network Europe V6.0 (PCNE) classification. Main
outcome measures Number and causes of drug-related problems, nature and acceptance rate of clinical pharmacist interven-
tions and rate of problems solved. Results The study included 137 patients. The mean (SD) age of the patients was 58 (14.6)
years. A total of 481 drug-related problems were recorded. The most frequent drug-related problems were ‘adverse drug
events [including drug interactions]’ (n=376), ‘untreated indications’ (n=359) and ‘unnecessary drug treatment’ (n=25).
Inappropriate combination of drugs was the cause of 73.2% of the total problems. Interventions were made to stop adminis-
tration of a suitable drug if the combination with another drug was contraindicated while prescribers were mostly informed
about major drug interactions. The prescribers approved 93% of the total intervention proposals. The majority (90.9%) of
the identified problems were totally solved. Conclusion Integration of clinical pharmacy services through a comprehensive
medication management program in oncology will help to reduce the number of drug-related problems.
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Impact on practice
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Introduction

Cancer is the second leading cause of death globally and
a major life-threatening condition, which requires aggres-
sive use of drugs with multiple side effects. Therefore,
cancer patients are at high risk for drug-related problems
(DRPs) due to the use of many drugs for the management
of cancer, side effects of chemotherapy drugs, malignancy-
related complications and comorbidities. A study covering
11,804 patients over 65 years revealed that major drug-
related problems included inadequate therapy (56.9%),
non-adherence (14.9%), adverse drug reactions (14.7%),
doses higher than needed (6.8%) and unnecessary therapy
(6.7%) [1]. To reduce these drug-related problems and
optimize therapeutic outcomes, pharmacist-led compre-
hensive medication management is needed [2, 3].

Comprehensive medication management is defined
by the American College of Clinical Pharmacy as “the
standard of care that ensures each patient’s medication
(including nonprescription drugs, traditional and alterna-
tive therapies and supplements) are individually assessed
to determine that each medication is appropriate for the
patient, effective for the medical condition, safe given to
comorbidities and other medications taken, and able to be
taken by the patient as intended” [1].

Clinical pharmacists work in alliance with other health-
care providers to deliver comprehensive medication man-
agement that optimizes patient outcomes [4]. On oncol-
ogy wards, the main aim of the clinical pharmacist as a
member of the multidisciplinary healthcare team is to
ensure the provision of the safest chemotherapy regimens,
effective supportive care and treatment of comorbidities
through comprehensive medication management.

Many studies have shown the positive impact of clini-
cal pharmacy services on patient outcomes under differ-
ent conditions [5—8]. Similarly, clinical pharmacists made
positive contributions to the care of oncology patients
through identification of medication errors and drug-spe-
cific interventions in both inpatient and outpatient settings
[9-12], and the outcomes of these interventions included
improved medication appropriateness, fewer adverse drug
events, higher patient satisfaction and favorable econom-
ics [3, 13]. However, studies in the literature evaluating
the impact of a clinical pharmacist-led comprehensive
medication management program on the management of
oncology patients are very scarce [14, 15].

Aim of study

In this study, we aimed to evaluate the relevance of a com-
prehensive medication management service provided by

a clinical pharmacist to hospitalized oncology patients as
well as to explore the association between patient factors
and the identified DRPs.

Ethics approval

Ethics approval was obtained prior to the commence-
ment of the research from the ethics committee of Mar-
mara University Faculty of Medicine (Protocol No:
09.2015/36770737436-050.06.04).

Methods

This prospective study was carried out between December
2015 and April 2016 at the oncology ward of a university-
affiliated state hospital. All adult patients with confirmed
malignancy admitted to the ward were informed about the
study, and those who agreed to be involved were enrolled
in the study within 48 h of their admission and were fol-
lowed throughout their stay on the ward. All participating
patients or their caregivers signed consent forms before they
were enrolled in the study; relevant consent and information
regarding the unconscious patients were taken from these
patients’ legal guardians who were the accompanying fam-
ily members who signed all of the therapy-related consent
forms. Two patients who were discharged within 48 h of
admission were excluded from the study.

A comprehensive medication management service was
carried out by the clinical pharmacist from admission to
discharge or demise. The pharmacist-led ‘Comprehensive
Medication Management” service involved four steps:
assessment of the patient; evaluation of medication ther-
apy; development and initiation of a plan; and follow-up and
medication monitoring. In this study, one clinical pharmacist
(RMU; MSc) actively worked on the ward, and one clinical
pharmacist (SAR; PhD) provided consultation.

Assessment of the patients

This step involved collection and documentation of the
complete medication history, collection and interpretation
of patient data and review of the medical records to deter-
mine the clinical status of the patient within 24 h of admis-
sion. A comprehensive list of patients’ medications, includ-
ing prescription drugs, nonprescription drugs, and herbal
and nutritional supplements, was performed. The purpose
and duration of use, dosage and source of each drug in the
list were also noted. All clinical and medication data were
collected from the hospital database, pharmacy database,
hospital files, patients and their caregivers. The patients’
laboratory test results and hospital medication orders were
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collected daily after the ward rounds throughout their stay
in the hospital.

Evaluation of medication therapy

This step involved assessing the appropriateness of cur-
rent medications, evaluating the effectiveness, safety and
affordability of the therapies, and assessing medication use
and adherence. All these items were conducted through
medication reconciliation and identification of drug-related
problems.

Medication reconciliation was performed for all patients
within 48 h of admission. Medication discrepancies iden-
tified at admission were also recorded as drug-related
problems.

Medications were reviewed daily considering the patient’s
health condition, new indications and resolved problems.
The appropriateness of each drug given to a patient was
checked in terms of patients’ demographics, renal and
hepatic functions, comorbidities and other drugs used. The
Micromedex online drug reference was used as a source of
drug information. Drug interactions were checked using
the ‘Micromedex Drug Interaction Checker’ (Access dates:
December 2015—April 2016). Interactions were classified
as contraindicated, major, moderate and minor. Interactions
were first checked after medication reconciliation and com-
pletion of a comprehensive medication list. Interactions were
subsequently checked when changes in the patients’ medica-
tion orders occurred. The number of these medication orders
reflecting the frequency of changes in the individual patient
drug list was also recorded.

Identification and classification of potential or manifest
drug-related problems that may delay or influence thera-
peutic goals were performed using Pharmaceutical Care
Network Europe’s (PCNE) Classification Scheme for Drug-
Related Problems V6.2. Problems that might present during
treatment were coded as ‘potential problems’, while prob-
lems that had already been present in the respective patients
were coded as ‘manifest problems’.

Assessment of the association between patient
factors and the DRPs

The association between the presence and number of DRPs
and the following patient features were also investigated:
sex, age, educational status, BMI, smoking status, renal
function, primary cancer type, length of disease, presence of
metastasis, cancer stage, purpose of admission, presence of
comorbidities, number of comorbidities, number of orders,
presence of polypharmacy, length of hospital stay, and aver-
age number of drugs used.

@ Springer

Development and initiation of plan

This step involved clinical pharmacists’ decision mak-
ing regarding drug-related problems, making suggestions
regarding the resolution of DRPs based on their causes
and developing a collaborative plan after communication
with the physician responsible for the patient. Intended
interventions/clinical decisions were communicated with
the physician; all interventions intended for other health-
care providers or patients/caregivers were communicated
after the physicians’ approval. The rate of acceptance of all
intended interventions was recorded. All accepted interven-
tions were performed, and relevant education was provided
to the patients/caregivers. The outcome of each intervention
was recorded as ‘totally solved’, ‘partially solved’ or ‘not
solved’. A problem was classified as ‘totally solved’ if the
pharmacist’s intervention resulted in the total resolution of
a manifest problem or the prevention of a potential problem.

Follow-up and medication monitoring

This step involved coordinating with other healthcare pro-
viders to ensure that the patient follow-up was in line with
the patient’s medication-related and medical needs; revisit-
ing medical records to acquire updates on the clinical status
and medication-related needs; conducting ongoing evalua-
tions and refining the care plan to optimize drug therapy; and
monitoring and managing the care plan.

Data analysis
The mean outcome measures of the study were as follows:

e Number and causes of the DRPs: For each patient, the
existence of any DRP was checked, and identified DRPs
were noted together with their causes.

e Nature and acceptance of the pharmacist’s intervention:
The level (prescribers/patients/drug level) and the accept-
ance rate of the proposed interventions by the relevant
healthcare provider were recorded.

e Rate of problems solved: The outcome of the interven-
tions and the rate of problems solved were recorded.

Data from this study were analyzed using SPSS (Statis-
tical Package for Social Sciences) Version 16.0. Continu-
ous variables are expressed as mean + standard deviation;
ordinal and nominal data are expressed as n (%). The Pear-
son correlation was used to study the relationships between
patient variables and the number and type of DRPs. A p
value < 0.05 within a confidence interval of 95% was con-
sidered significant.
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Results

A total of 137 patients, 56.9% of whom were male, par-
ticipated in the study. Ten (7.3%) patients died during the
study, while 127 of the patients were monitored until dis-
charge. Data analysis was conducted using the data from 137
patients. The mean (SD) age of the patients was 58 (14.6)
years (range 19-82 years); 50 patients were aged > 65 years.
Approximately half of the patients were ex-smokers. Comor-
bidities were present in 85 patients. Polypharmacy (use
of > 5 drugs) was present in 81.8% (n=112) of the patients.
The mean (SD) length of hospital stay was 8.55+6.3 days
(range 2-40 days). Details on patient demographics and
other clinical characteristics are given in Table 1.

The cancer-related features of the patients are presented
in Table 2. Cancer-related complications were the reason for
admission for 40% of the patients, while 18% were admit-
ted for receiving palliative treatment. The most common
primary malignancy was lung cancer (22.6%); the majority
(79.6%) of the patients had metastasis and were at Stage 4.
Older patients (> 65 years) presented with higher numbers
of comorbid diseases (p <0.001) and poor renal function
(p=0.003), as presented in Table 3. The most common
comorbid diseases present in patients were hypertension,
diabetes and chronic obstructive respiratory disease affecting
30% (n=41), 19% (n=26) and 7% (n=10) of the patients,
respectively. The presence of comorbidities was associated
with the use of a higher number of medications (r=0.22;
p <0.05), the presence of polypharmacy (r=0.18; p <0.05)
and increasing age (r=0.33; p<0.01). The patients with
polypharmacy had more frequent medication order changes
(r=0.34; p<0.01), probably due to their extended hospital
stay (r=0.25; p<0.05). A longer hospital stay was associ-
ated with more medication order changes (r=0.61; p <0.01)
and higher mortality (r=0.17; p<0.01).

The most frequently used drug classes included antiemet-
ics, analgesics, antibiotics, corticosteroids, antidepressants
and other medications for comorbidities, mostly antihyper-
tensives, inhaler bronchodilators and antidiabetic agents.
All patients were on stress ulcer prophylaxis with a pro-
ton pump inhibitor or histamine-2 receptor antagonist and
anticoagulants. Only a few patients (n=24; 17.5%) received
cancer therapy during the study. The chemotherapy regimens
included bevacizumab (n=2, 7.7%), capecitabine (n=1,
3.8%), carboplatin (n=1, 3.8%), cetuximab (n=1, 3.8%),
cisplatin (n=1, 3.8%), cyclophosphamide (n=1, 3.8%), dox-
orubicin (n=2, 7.7%), etoposide (n=1, 3.8%), exemestane
(n=2,7.7%), fluorouracil (n=1, 3.8%), gemcitabine (n=1,
3.8%), ifosfamide (n=3, 11.5%), irinotecan (n=2, 7.7%),
lapatinib (n=1, 3.8%), paclitaxel (n=2, 7.7%), oxaliplatin
(n=1, 3.8%), pemetrexed (n=1, 3.8%), rituximab (n=1,
3.8%) and vincristine (n=1, 3.8%).

Table 1 Demographic and general clinical characteristics of the
patients (n=137)

Demographic and general clinical charac-
teristics

n (%)

Age (years); mean+SD 58 +£14.60 (range 19-82)

Gender
Male/Female 78 (56.9)/59 (43.1)
Educational status
No formal education 30 (21.9)
Primary school graduate 68 (49.6)
Secondary school graduate 14 (10.2)
High-school graduate 16 (11.7)
University graduate 7(.1)
Post-graduate 2(1.5)
Ex-smokers 71 (51.8)
Alcohol use 37 (27)
Weight status
Obese 17 (12.4)
Over-weight 39 (28.5)
Normal 70 (51.1)
Under-weight 11 (8.0)
Renal function stage [GFR (mL/min)]
G1 [>90] 78 (56.9)
G2 [60-89] 37 (27)
G3a [45-59] 8(5.9)
G3b [30-44] 11 (8)
G4 [15-29] 2 (1.5
G5 [<15] 1(0.7)
Number of comorbid diseases
No comorbidity 52 (37.9)
One comorbidity 42 (30.7)
Two comorbidities 20 (14.6)
Three comorbidities 12 (8.8)
Four comorbidities 7(5.1)
Five comorbidities 4(2.9)

Length of hospital stay (days); mean+SD  8.55+6.3 (range 2-40)
Number of drugs used
<5 25 (18.2)

>5 112 (81.8)

GRF glomerular filtration rate, SD standard deviation

Evaluation of medication therapy
through identification of drug-related problems

Problems

A total of 481 DRPs were identified in 114 patients. At
least one DRP was recorded in the majority (83.2%) of
the patients. The problems were recorded into the primary
domains of ‘treatment effectiveness’, ‘adverse reactions’,
‘treatment cost’ and ‘others’ as presented in Table 4. An
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Table 2 Cancer-related features of the patients (n=137)

Cancer-related features n (%)
Purpose of admissions

Cancer-related complications 54 (39.4)
Cancer treatment 24 (17.5)
Diagnosis of primary malignancy 6(4.4)
Treatment of other conditions not related to malignancy 21 (15.3)
Management of chemotherapy side-effects 7(5.1)
Palliative treatment 25 (18.3)
Primary malignancy

Lung cancer 31 (22.6)
Colon cancer 16 (11.7)
Gastric cancer 13 (9.5)
Breast cancer 12 (8.8)
Other/unknown primary malignancy 65 (47.4)
Disease stage

Stage 4 109 (79.6)
Stage 3 7(5.1)
Disease stage unknown® 21 (15.3)

This information could not be found in the patient records

Table 3 Status of comorbidities and renal function according to age
groups (n=137)

Age p*
<65;n=87 >65;n=50
n (%) n (%)
Number of comorbidities
0 41 (47.1) 11 (22) <0.001
1-2 38 (43.7) 23 (46)
3-5 8(9.2) 16 (32)
Renal function
GFR >90 mL/min 58 (66.7) 20 (40) 0.003
GFR 60-89 mL/min 21(24.1) 16 (32)
GFR 45-59 mL/min 3(3.5) 5(10)
GFR 30-44 mL/min 3(3.5) 8 (16)
GFR 15-29 mL/min 1(1.1) 1(2)
GFR < 15 mL/min 1(1.1) 0(0)

*Significance between age groups; GRF: glomerular filtration rate

average of 3.5 problems/patient was recorded. Seventy-five
percent (n=362) of the identified problems were potential
problems, while 24.7% (n=119) were manifest problems.

The number of DRPs increased with increasing malig-
nancy stage (r=0.182; p <0.05), length of hospital stay
(r=0.405; p <0.01), number of drugs (r=0.612; p <0.01),
frequency of order change (r=0.573; p <0.01) and pres-
ence of polypharmacy (r=0.360; p <0.01).
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Causes of problems

A single cause was recorded for each problem. Drug selec-
tion issues made up 89.2% (n=429) of the causes of prob-
lems. The most common cause was inappropriate drug com-
binations (n=352, 73.2%), which included drug interactions
and unsuitable drug selection based on patients’ clinical fea-
tures. Drug interactions made up most of the causes of the
problems.

Unnoticed indications requiring drug treatment made
up six percent (n=29) of the problems that involved medi-
cation discrepancies after reconciliation (n=15), lack of
routine stress ulcer and emboli prophylaxis (n=28) and spe-
cific prophylaxis (n=6). The 10 (2.1%) causes regarding
prescribing errors were reordering of a previously stopped
drug (n=7), unintended elimination of routinely adminis-
tered drugs in patient orders (n=2), and inappropriate dilu-
tion of vancomycin (n=1). The problems involving unneces-
sary drug use were caused by a lack of indication for drug
use (n=7, 1.5%) or inappropriate duplication of therapeutic
group or active ingredient (n=9, 1.9%). Details of the causes
of the DRPs are given in Table 4.

Interventions

The majority (69%, n=332) of interventions were made at
the prescriber level, while 29.3% (n=141) interventions
were made at the drug level, most of which included begin-
ning a new medication (11.4%, n=55) or stopping a medica-
tion (9.6%, n=46).

Table 5 shows an elaborate explanation of interventions
based on the causes of the DRPs. No interventions were
made in 7 cases with manifest problems because there was
no need or possibility to solve the problem. For 13 (2.7%)
DRPs, dose modifications were proposed for the resolution
of the related problem.

Interventions involving medication withdrawal were pro-
posed for 30 manifest problems and 16 potential problems
that involved inappropriate drug combinations. The prescrib-
ers were only informed of approximately 317 potential major
drug interactions. They were alerted to the possibility of
problems and informed about the resolution options.

The information provided to the prescribers was not
limited to but included the following: necessity for labora-
tory tests (such as vancomycin and phenytoin blood level
monitoring, measurement of TSH, T4, INR, iron, choles-
terol and triglyceride levels, and repeating the laboratory
tests); drug adverse effects (such as those experienced
during the use of quetiapine, morphine, cefepime and
chemotherapeutics [i.e., for tumor lysis syndrome]); drug
interactions (recommendations included changing drug
administration times, monitoring for possible/increased
adverse effects such as seizures, monitoring for signs and
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Table 4 Classification and n (%)
causes of the drug-related
problems (n=431) Classification of the drug-related problems
Treatment effectiveness
No effect of drug treatment/therapy failure 8(1.7)
Effect of drug treatment not optimal 11 (2.3)
Untreated indication 59 (12.3)
Adverse reactions
Adverse drug event (non-allergic) 376 (78.2)
Treatment cost
Unnecessary drug-treatment 25(5.2)
Others
Patient dissatisfied with therapy despite optimal clinical and economic treatment outcomes 2(0.4)
Causes of the drug-related problems
Drug selection
Inappropriate drug (including contraindicated) 4(0.8)
No indication for drug use 7(1.5)
Inappropriate combination of drugs, or drugs and food 352 (73.2)
Inappropriate duplication of therapeutic group or active ingredient 9(1.9)
Indication for drug-treatment not noticed 29 (6.0)
Too many drugs prescribed for indication 1(0.2)
New indication for drug treatment presented 27 (5.6)
Drug form
Inappropriate drug form 5(1.0)
Dose selection
Drug dose too low 1(0.2)
Drug dose too high 5(1.0)
No therapeutic drug monitoring 8 (1.7)
Pharmacokinetic problem requiring dose adjustment 9(1.9)
Deterioration/improvement of disease state requiring dose adjustment 2(0.4)
Drug use process
Inappropriate timing of administration and/or dosing intervals 5(1.0)
Drug not taken/administered at all 1(0.2)
Logistics
Prescribed drug not available 2(0.4)
Prescribing error (necessary information missing) 10 (2.1)
Others
No obvious cause 4(0.8)
Total 481 (100)

symptoms of serotonin syndrome, stopping/changing the
most relevant one of the interacting drugs, monitoring the
effect of clopidogrel, monitoring the effect of clarithro-
mycin, monitoring bleeding risk, monitoring for respira-
tory distress, monitoring for hypotension and bradycardia,
monitoring for fentanyl toxicity, monitoring for signs and
symptoms of QT prolongation, monitoring for myopathy,
monitoring mental status, monitoring TSH levels, etc.)
The prescribers accepted 93.5% (n=450; 96 manifest
and 354 potential problems) of the proposed interven-
tions, while they did not accept 23 (5%) interventions (15

manifest and 9 potential problems). Table 5 shows the pro-
posed interventions and their rates of acceptance.

Outcomes

The vast majority (n=437; 90.9%) of the problems were
totally solved, while 4 (0.8%) problems were partially
solved. There was no possibility or need to solve 10 (2.1%)
problems. These were problems that did not require imme-
diate solution or those that had already affected the patient
and could not have been undone or changed. Twenty-two
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Table 5 Proposed interventions and their acceptance rates for the res-
olution of drug-related problems (n=481)

Proposed intervention Total Acceptance rate
n (%) n (%)
Approved  Not approved
by pre- by prescriber
scriber
No intervention 7(1.5) O 0
Prescriber informed only 330 (68.6) 325 (67.6) 5(1)
Prescriber asked for infor- 2(04) 1(0.2) 1(0.2)
mation
Patient (medication) coun- 1(0.2) 1(0.2) 0
selling
Drug changed to .... 7(1.5) 5(Q) 2(0.4)
Dosage changed to .... 132.7) 112.3) 2(0.4)
Formulation changed to .... 3(0.6) 3(0.6) 0
Instructions for use changed 16 (3.3) 16 (3.3) 0
to....
Drug stopped 46 (9.6) 44 (9.2) 2(0.4)
New drug started 55(11.4) 43(8.9) 12 (2.5)
Other intervention 1(0.2) 1(0.2) 0
Total 481 (100) 450(93.6) 23 (4.8)

(4.6%) problems were not solved due to lack of cooperation
from the prescribers, and one patient did not cooperate in
solving a problem. The outcome of six (1.2%) interventions
was unknown.

Associations between patient factors and the DRPs

The presence and number of drug-related problems was
associated with extended hospital stays, more frequent medi-
cation order changes, higher number of drugs used and pres-
ence of polypharmacy (p <0.001, for all) (Table 6). In addi-
tion, the number of DRPs not involving drug interactions
was higher in patients with poor renal function (r=0.172;
p <0.05) and was associated with the presence (r=0.224;

p <0.01) and higher number (r=0.258; p <0.01) of comor-
bidities (Table 6).

On the other hand, sex, age, educational status, BMI,
smoking status, length of disease, purpose of admission,
primary cancer type and presence of metastasis were not
found to be associated with the presence and/or number of
drug-related problems (whether involving drug interactions
or not) (p>0.05, for all).

Discussion

The results of this study demonstrate that a clinical phar-
macist-led comprehensive medication management program
was feasible and effective at identifying drug-related prob-
lems and improving safe medication use among adult cancer
patients. A total of 481 DRPs were identified in 114 patients.
At least one DRP was recorded in the majority (83.2%) of
our patients, reflecting the high prevalence of DRPs in our
patients, the majority of whom had terminal illness and
comorbid conditions. The willingness of the physicians
regarding the clinical pharmacist’s integration into the clinic
setting was reflected in the high (93.5%) acceptance rate
of the pharmacist’s intervention proposals. The acceptance
rate of interventions was similar to those reported in other
studies [9, 16], while it was higher than that (46%) reported
by Nightingale et al. [15].

Most of the identified problems involved supportive care
needs associated with advanced disease, complication(s) of
previous cancer treatment(s) and other care needs, while a
few problems were directly related to cancer therapy, as only
18% of the patients were admitted for cancer-specific treat-
ment. This is in concordance with the findings of a large
prospective study in a hematology and oncology department,
which revealed that only 3.9% of 552 DRPs identified were
associated with anti-cancer agents [9].

The identified DRPs involved adverse drug reac-
tions, including drug interactions, untreated indications,

Table 6 Factors that affect the presence and number of drug-related problems

Presence of drug-related

Number of drug-related

Presence of drug-related  Presence of drug-

problems problems problems involving drug  related problems NOT
interactions involving drug interac-
tions

Pearson’s r p Pearson’s r p Pearson’s r P Pearson’s r )4
Malignancy stage 0.134 0.119 0.182* 0.033 0.182%* 0.033 0.082 0.340
Length of hospital stay 0.282%%* 0.001 0.405%%* 0.000 0.313%* 0.000 0.364%* 0.000
Average number of drugs used 0.441%* 0.000 0.612%%* 0.000 0.605%* 0.000 0.286** 0.001
Presence of polypharmacy 0.336%* 0.000 0.360%** 0.000 0.321%* 0.000 0.238%* 0.005
Frequency of order change 0.274%%* 0.001 0.573%%* 0.000 0.465%* 0.000 0.472%% 0.000

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed)
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unnecessary drug use, nonoptimal treatment effect of the
drug, no effect of drug treatment or therapy failure, and
patient dissatisfaction. Slightly different frequencies of
DRPs were recorded in two different studies involving
oncology patients. The most frequent problems recorded
in other studies were inappropriate medication selection
(20.6%) [9] and inappropriate dose (25.0%) [16]. Delpeuch
et al. reported a rate of untreated indications (14.8%) similar
to our results. The fact that the majority of DRPs identified
in our study involved drug interactions might be due to una-
wareness of the physicians of the possible negative outcomes
of drug interactions.

In a study regarding comprehensive medication manage-
ment in elderly oncology patients, Nightingale et al. reported
a total of 123 medication-related problems at baseline. As a
result of pharmacist involvement, medication-related prob-
lems were reduced to 78 at 30-day and 67 at 60-day follow-
ups. They concluded that despite a few problems in com-
municating their recommendations, pharmacist intervention
was feasible and effective in reducing medication-related
problems [15]. A 10-year review of medication therapy
management revealed that the program improved clinical
and economic outcomes with high patient satisfaction [17].
Although Shaya et al. [18] reported that they could not find
any advantages of a pharmacist-led medication therapy man-
agement program, they recommended conducting additional
studies to investigate whether pharmacist involvement in the
transition of care could reduce rehospitalization and health-
care expenditures post discharge. The ACCP pursues the
continuous provision of comprehensive medication manage-
ment in collaborative practice settings by competent clinical
pharmacists to enhance recognition of their positive impact
on medication-related outcomes [19].

The presence of major health problems such as cancer
is associated with undertreatment [20], a decline in the
control of comorbid chronic diseases [21] and nonadher-
ence to treatment of other chronic conditions [22]. Medi-
cation reconciliation in our study revealed the omission of
15 chronic disease medications in some patients. Interven-
tions in this respect were readily accepted by prescribers,
and some prescribers showed appreciation for this particular
service provided by the pharmacist. Unintended medication
discrepancies are the most common and significant type
of medical errors that occur at transitions between sites of
health care [23, 24]. It has been reported that 94% (77/82)
of self-reported medication lists had at least one discrepancy
with clinic medication lists, with a median of 4 discrepan-
cies per patient list [25]. According to the report of Hanigan
et al., medical records generally failed to report 24% of pre-
scription medications, 84% of nonprescription medications
and 83% of other remedies [26]. The implementation of a
pharmacist-initiated pharmaceutical handover of patients
from an oncology and hematology unit to a critical care unit

improved the medication use process in cancer patients [27].
Clinical pharmacists have an important role in managing
medication discrepancies that occur at transitions between
sites of health care [28, 29].

Drug interactions were the cause of 352 (73.2) problems,
of which only 9 interactions involved anticancer agents.
Most reported interactions were associated with supportive
care medications, which is in accordance with other studies
[29-32]. In their study, Delpeuch et al. [9] reported 79 drug
interactions among 552 medication-related problems, where
they monitored patients and only intervened in major issues.
On the other hand, we recorded all interactions that required
monitoring because physicians were not familiar with most
of the interactions. Drug interactions are major problems in
cancer patients because they concurrently receive multiple
drugs [32, 33], and the number of drugs used by a patient is
an independent factor that increases the risk of drug interac-
tions [30, 32]. Most (81.8%) of our study population were
taking 5 or more drugs, which may have increased the num-
ber of recorded drug interactions. Detection of drug interac-
tions in patients with cancer is fundamental in the manage-
ment of pharmacotherapy in these patients, and a routine
systematic review of all patients’ medications is necessary
to avoid interactions [29, 34].

Lustig et al. [2] reported that in their study, the highest
medication error rate was recorded in the oncology-hematol-
ogy unit. Study results have consistently provided evidence
of the positive impact of clinical pharmacists on preventing
medication errors, optimizing drug usage and maintaining
patient safety [33, 35]. The multidisciplinary approach to
patient care is becoming more acceptable, and the aware-
ness of the importance of pharmacists has increased [7].
This was reflected in our study because the majority (93%)
of our interventions were readily accepted and implemented
by physicians and other healthcare providers.

The results of the study show the positive impact of a
comprehensive medication management service provided by
a clinical pharmacist, particularly in settings where the usual
care does not involve ward-based clinical pharmacy practice.

Comprehensive medication management services are
conducted based on the regulations of individual countries.
It may be difficult to cover all patients in this service, but
high-risk patients may be given the privilege to benefit.
Introduction of pharmaceutical care programs that enable
integration of clinical pharmacists in the multidisciplinary
team of patient care will improve therapeutic outcomes and
reduce health-related expenditures.

Limitations
This study had a number of limitations, some of which

include the following: the clinical applicability of com-
prehensive medication management could have been best
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measured with a multicenter randomized controlled study
instead of a single cohort, single-institution study; and the
effects of interventions on long-term health outcomes were
not measured as there was no follow-up after the patients
were discharged. There is a need for a future randomized
controlled study involving mid- and long-term follow-up of
patients.

Conclusions

Integration of clinical pharmacy services through a compre-
hensive medication management program in oncology will
help reduce DRPs.
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