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Abstract: Back ground: Medication errors during cancer chemotherapy have led to tragic consequences
and toxicities because of their low therapeutic index or a less than optimal therapeutic response. Oncology
patients receiving chemotherapeutic agents present unique therapeutic challenges to clinicians. In addition
to their comorbidities, these patients often have altered pharmacokinetic and pharmacodynamic variables;
they receive multiple drugs that predispose them to many drug-drug interactions and adverse drug events.
For these reasons, the importance of pharmacy involvement is obvious. To our knowledge, no studies have
addressed the road to detecting and preventing medication errors by clinical pharmacy interventions in
Egyptian oncology patients Objective: To assess the effect of clinical pharmacist interventions on the
clinical outcomes in oncology patients. Methods: A total of 100 patients received their chemotherapy
cycles with clinical pharmacy interventions were enrolled in the present study during January 2007 to
January 2008. Clinical pharmacy interventions include: Detecting medication errors by using a modified
form of the American Society of Hospital Pharmacists (ASHP) worksheet. Correcting those errors and
sending recommendations to the medical staff. Results: The clinical pharmacy interventions reduced the
number of medication errors from 1548 to 444 which was statistically significant (p=0.004). A total of
1104 clinical pharmacy interventions were documented in this present study. Forty five percent of clinical
pharmacy interventions have led to increase in the efficacy of chemotherapy regimen and 54.7% have led
to decrease in the chemotherapy toxicity. Seventy six percent of the errors recorded in the present study
occurred in the prescribing stage, about 20 % in the administration stage and 3.8% in the dispensing stage
Conclusions: the clinical pharmacy interventions among oncology patients can reduce the number of
medication errors; improve the clinical outcomes through increasing chemotherapy efficacy and reducing
the toxicity.

Key words: Medication review, medication errors, prescription monitoring, medication related problems,
drug related problems, oncology patients.

INTRODUCTION

Medication errors during cancer chemotherapy have
led to tragic consequences and toxicities because of
their low therapeutic index or a less than optimal
therapeutic response. The degree of toxicity is
influenced by many factors, including the drug, the
dose, route and schedule of drug administration,
combination drug regimens, multimodality therapy, and
the condition of the individual[1].

Several highly publicized chemotherapy dosing
errors have illustrated the compelling need for each
health system to develop multidisciplinary systems to
prevent chemotherapy medication related errors[2]. 

The expanding role of pharmacist in hospitals and
health care systems has been well documented[3]. 

Haig and Kiser looked at the effect of pharmacist
participation on a medical team in terms of length of

stay (LOS), pharmacy costs and pharmacy charges and
concluded that pharmacist intervention can result in
significant reduction in these economic outcomes[4].

In addition to the evidence supporting the role of
pharmacists in the achievement of positive clinical
outcomes, there are data suggesting that pharmacist
intervention is economically sound. As described by
Jolicoeur and Colleagues, pharmacoeconomic research
involves identifying, measuring, and comparing the
costs, risks, and benefits of programs, services, or
therapies and determining which alternative produced
the best health outcome[5].

Pharmaceutical care involvement in prescribing in
an acute care hospital was very successful and resulted
in 3,136 recommendations and saving of 129,058
Euros. It can be concluded that: pharmacist
interventions have been useful to improve patient care
and have been important to help educate physicians on
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the quality of drug therapy[6].
Shirley and Colleagues concluded that within a 36-

day period, 211 pharmacy interventions were
documented (a mean of 5.9 interventions per day). The
most frequent pharmacy activity was patient counseling
followed by therapeutic recommendations and added
that the clinical pharmacist has a significant role in
outpatient hematology-oncology clinics and is well
accepted by patients and other health care providers.
Clinical pharmacy services resulted in overall decreased
health care costs and in an improvement in the quality
of patient care[7]. 

In cancer therapies, optimizing drug therapy
outcomes requires a comprehensive understanding of
the pathophysiology of the malignant process as well
as a clear understanding of how to maximize the
therapeutic effects of drugs used to treat cancer and its
complications. By integrating this information with
basic clinical skills, pharmacists can play an integral
role in the care of patients with cancer[8].

Aim of the Work: To assess the effect of clinical
pharmacist interventions on the clinical outcomes
among oncology patients.

Study Design: Prospective study with descriptive
analysis.

Setting: The present study was conducted at the
Internal Medicine Department, National Cancer Institute
(NCI), Cairo University, Cairo, Egypt.

Methods: This study was approved and performed
according to the institution’s local rules. A total of 100
patients were enrolled in the present study, 43 males
and 57 females, 89 of the patients were adults with
mean age of 43.15 years and 11 were pediatrics with
mean age of 7 years.

The patients included in this study were patients
with proven malignant disease who were admitted to
the medical oncology department at NCI, Cairo, Egypt
to receive chemotherapy cycles during January 2007 to
January 2008. 
Clinical pharmacy interventions include:
1) Detecting medication errors by using a modified

form of the American Society of Hospital
Pharmacists (ASHP) worksheet. 

2) Correcting those errors and sending
recommendations to the medical staff.
After assessing patients according to the Drug

Therapy Assessment Worksheet (DTAW), the clinical
pharmacist analyzed each problem and tried to solve
and / or modify this problem through formulating a
therapeutic care plan and sending written
recommendations to the responsible physician.

C All patients’ information was collected upon
admission using patient’s drug therapy problem
list, then the following information was reviewed:
laboratory findings, patients’ histories, hospital
discharge summaries, progress notes and surgical
operations.

C All drug lists were recorded in the patient’s profile
form with their doses, route of administration,
duration of administration, types of diluents, their
volumes and the rates of administration.

C All patients assessed according to the Drug
Therapy Assessment Worksheet (DTAW) questions
which was modified from ASHP sheet for
detecting any Drug Related Problems (DRPs)(table
1) 

Research Tool: The personal digital assistant (PDA)
was employed to assess the drug related problems
during the study. Lexi – drugs (international) was the
main book used in this present study

The outcome of any Drug Related Problem (DRP) was
categorized as:
1. Drug related problem leads to decrease in the

efficacy of the chemotherapy regimen: 

C Inappropriate drug selection.
C Untailoring of drugs to individual patient.
C Subtherapeutic dose.
C Decreased dosing frequency.
C Inappropriate mode of administration.
C Decreased length of therapy.
C Drug -drug interactions.

2. Drug related problem leads to increase in the
toxicity (morbidity and mortality) of the
chemotherapy regimen:

C Therapeutic duplication. 
C Increased length of therapy.
C Inappropriate mode of administration.
C Over dose.
C Drug without medical indication.
C Increased dosing frequency.
C Drug -drug interactions.

Statistical Analysis: Statistical calculations were
performed with SPSS for windows (version 11; SPSS
Inc. Chicago, IL, USA). SPSS program was used to
compare means of errors before and after clinical
pharmacy interventions. This comparison was
performed by paired samples t test to detect the
variances and if there is a statistically significant
difference before and after clinical pharmacy
interventions.
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Results: A total of 100 patients were enrolled in this
study received 779 drugs with clinical pharmacy
interventions.

The study used a new pharmaceutical care model
which depended on answering DTAW sheet questions
and detecting the medication errors in each medical
record (table 1).

A total of 10127 questions {Total number of drugs
779 multiplied by 13 (the number of DTAW sheet
questions)} were answered to detect the medication
errors.

A total of 395 questions from 10127 questions
didn’t show any error.

As shown in table (2), a total of 156 errors were
detected during answering Q No. 1 (are there any
drugs should be added to the regimen?).The clinical
pharmacy interventions succeeded in preventing 127 of
them. 

A total of 118 errors were detected in answering
question number 2 (Are there any drugs should be
omitted from the regimen?).The clinical pharmacy
interventions succeeded in preventing all of them.

A total of 36 errors were detected in answering Q
No. 3 (Are there any drugs should be replaced by
another in the therapeutic regimen?).The clinical
pharmacy interventions succeeded in preventing all of
them.

A total of 32 errors were detected in answering Q
No. 4 (Has the drug therapy tailored to this individual
patient according to his kidney, liver and cardiac
function?).The clinical pharmacy interventions
succeeded in preventing 15 of them. 

A total of 177 errors were detected in answering
Q No. 5 (Has the drug therapy tailored to this
individual patient according to his to his weight and\ or
his BSA?), All of those interventions were accepted
clinically but could not be applicable practically
because of the high work load and the physician
promised that a new body surface area (BSA) will be
recalculated every 3 cycles.

The errors in Q No.6 (Are the prescribed dose\
dosing frequency appropriate- within the usual
therapeutic range and /or modified for patient factors?)
were divided to 2 categories: errors in dosing (under
dose and over dose) and errors in dosing frequency
(increased frequency, decreased frequency and wrong
frequency). Table (2) shows that: a total of 99 errors
were resulted from giving drugs with under doses.
Sixteen percent of errors were errors in calculating the
doses, 19% of them resulted from metoclopramide
under doses, which should be given as 1-2 mg / kg
before chemotherapy and every 2-4 Hrs for a total of
5 doses not 10 mg once before chemotherapy, 27%
were resulted from giving under dose of ondanstron (8
mg) instead of (16 mg) with highly emetic potential

chemotherapy, 29.5% were resulted from giving 8 mg
dexamethasone dose instead of 44 mg (antiemetic
dosing guidelines appendix 4), 6.5% were resulted from
giving the first doses of Fam as 10 mg not 20 mg and
0.5% were resulted from giving the first dose of
Imodium as 2 mg not 4 mg.

Table (2) shows that: a total of 38 errors were
resulted from giving drugs with over doses. Eighteen
percent of those errors were errors in calculating the
doses, 15% of them resulted from errors in calculating
the pediatric doses; metoclopramide’s pediatric dose is
0.1-0.2 mg / kg not 10 mg, ondanstron’s pediatric dose
is 0.45 mg / kg not 8 mg while mannitol’s pediatric
dose is 200 mg/kg. Ten percent of the over doses
errors occurred because the patients received those
doses had decreased creatinine clearance which
necessitate reduction of their doses, another 11% of the
errors occurred because the patients had increased AST
without dose reduction. The over doses of mesna were
responsible for 22% of the over doses errors because
it should be 60% only of the Ifosphamide’s dose not
100 % (Lexi- drugs database, 2005).Seven percent of
the overdoses were resulted from calculating the
cyclophosphamide dose in FAC protocol as 630 mg /
m2 not as 500 mg/m2 while 5 % resulted from
calculating the flurouracil dose in FAC protocol also
with the same pattern. The overdose of
Diphenhydramine accounted for 2% of those errors
because it should be 45.5 mg not 91 mg.

As shown in table (2); a total of 110 errors
resulted from giving drugs with wrong frequency.
Twenty seven percent of those errors occurred with
Motilum suppository which should be given every 12
Hrs not every 8 Hrs or Motilum PO which should be
given with the same interval in patients with decreased
creatinine clearance.

Ranitidine also required decrease in the dosing
intervals with decreased creatinine clearance, 29% of
the errors occurred because ranitidine should be given
every 24 Hrs not every 12 Hrs. Ten percent of these
errors were resulted from giving mesna with wrong
frequency 20% before ifosphamide dose then 20% at 1,
4, 7, and 10 Hrs after Ifosphamide; the correct
frequency is 20% at 0 time then 40% at 2 Hrs after
then another 40% after 6 Hrs. Ninty percent of errors
were resulted from giving oral ondanstron Q 8 Hrs, it
should be given 30 mins before chemotherapy then 4
and every 8 Hrs after chemotherapy (antiemetic dosing
guidelines; appendix 4).

The results of answering Q No. 7 (Is the mode of
administration appropriate, considering oral
administration, right diluents and right duration?) were
divided to medication errors due to inappropriate IV
administration and medication errors due to
inappropriate oral administration. 
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Table 1: Drug Therapy Assessment Worksheet (DTAW)
Type of problem Assessment problem 1-3 Comments/notes
Correlation between 1. Are there any drugs should be added to the regimen?
drug therapy  and 
medical problem

2. Are there any drugs should be omitted from the regimen?
3. Is there any drug should be replaced by another?

Appropriate drug 4. Has the drug therapy tailored to this individual patient 
selection according to his kidney, liver and cardiac function? 

5. Has the therapy tailored to this individual patient according 
to his weight and\ or his BSA?

Appropriate drug 6. Are the prescribed dose\ dosing frequency appropriate- within 
regimen and the usual therapeutic range and /or modified for patient factors? 
administration

7. Is the mode of administration appropriate, considering oral 
administration, right diluents and right duration?
8. Is the length or course of therapy appropriate?

Adverse drug reaction 9. Are there symptoms or medical problems that may be drug induced?
Drug interactions 10. Are there drug – drug interactions? Are they clinically significant?
Contraindications 11. Are any medications contraindicated (relatively or absolutely) 

given patient characteristics and current / past disease states?
Monitoring parameters 12. Are there any additional lab tests should be done during therapy?

13. Are there any additional lab tests should be done after therapy?
N.B. 1. Means a problem exists. 2. More information is needed. 3. No problem exists or an intervention is not needed. {Modified from ASHP}

Table 2: The rates and percentages of different types of medication errors (MEs) before and after clinical pharmacy interventions.
Drug related problem No. of errors before No. of errors

clinical pharmacy after clinical
interventions (%) pharmacy 

interventions (%)
Adding drugs to the regimens 156 (10) 29 (6.5)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Removing drugs from the regimens 118 (7.7) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Replacing drug by another 36 (2.5) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inappropriate drugs selection according to the patients’ kidney and liver functions 32 (2) 17 (3.8)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inappropriate drugs selection according to the patients’ weight or BSA 177 (11.5) 177 (39.8)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Underdose 99 (6.4) 28 (6.3)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Overdose 38 (2.4) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Wrong frequency 110 (7) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inappropriate IV administration 135 (8.7) 4 (0.9)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inappropriate oral administration 146 (9.5) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inappropriate length of therapy 125 (8) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Adverse drug reactions 75 (4.8) 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Drug – drug interactions 96 (6.2) 19 (4.3)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Contra indications 5 (0.3) 5(1.1)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lack of drug monitoring during treatment 100 (6.5) 65 (14.6)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lack of monitoring therapy after treatment 100 (6.5) 100 (22.5)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total number of errors 1548 444
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean +/-SD 119.07+/-80.64# 34.15+/-52.206#
No.: number SD: Stander deviation.
# Comparison of parametric data before and after clinical pharmacy interventions was done by paired t test showed a highly statistically
significant difference. (P value = 0.004).
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Table (2); shows a total of 135 errors were
resulted from inappropriate IV administration and a
total of 146 errors were resulted from inappropriate
oral administration. 

The errors in Q No.8 (Is the length or course of
therapy appropriate?) were divided to 3 categories;
errors resulting from giving drugs with increased length
of treatment , errors resulting from giving drugs with
decreased length of treatment and errors resulting from
inappropriate length of treatment. 

Table (2) shows that; 125 errors were resulted
from inappropriate length of treatment. The clinical
pharmacy interventions succeeded in preventing all of
them. 

As shown in table (2); a total of 75 ADRs were
detected during answering Q No. 9 (Are there
symptoms or medical problems that may be drug
induced?). Those patients were received supportive
treatment after clinical pharmacy recommendations. The
most common adverse effects encountered were nausea,
vomiting, diarrhea, epigastric pain, headache, colic and
mucositis.

The errors in answering Q No. 10 (Are there drug
– drug interactions? Are they clinically significant?)
were divided according to the mechanism of interaction
to: interaction leads to decrease in drug bioavailability
or absorption, interaction leads to decrease in drug
metabolism, interaction leads to decrease in drug
excretion, interaction leads to enhancement in drug
toxicity, interaction leads to decrease in drug entry into
cells, interaction leads to termination of drug’s effect
and finally, interaction leads to decrease in the effect
of another drug. All the interactions that had led to
decrease in drug bioavailability or absorption were had
type D drug - drug interactions which necessitated
removal of the causative drug from the patient s’
regimens. All those interactions had type C drug
interactions which necessitated close monitoring to the
patients. The clinical pharmacist recommended that,
and tried to handle those interactions through separating
the administration of the interacting drugs based on
their half lives. 

The Drug-Drug interactions had type C interaction
could not be prevented with clinical pharmacy
interventions, but they were handled either by
monitoring the treatment regimens or by determining
the half life of each interacting drug then giving the
drug with shorter half life first then wait for 2 half
lives to ensure that 75% of the dose was eliminated
then giving the second drug.

Drug-Drug interactions involved dexamethasone
and chemotherapy couldn’t be handled based on its
half life because dexamethasone should be given 30
minutes before chemotherapy and it has a half life of
3.5 hrs.

Drug-Drug interactions involved diphenhydramine
or furosemide prevented per se after omitting those
drugs from the patient’s regimens to avoid therapeutic
duplications with antiemetics and mannitol respectively.

Table (2) shows that a total of 96 errors were
detected during answering Q No. 10. The clinical
pharmacy interventions succeeded in handling 77 of
them. 

Table (2) shows that  5 errors were detected
during answering Q No.11 (Are any medications
contraindicated (relatively or absolutely) given patient
characteristics and current / past disease states?), That
can be explained by, the presence of clinical pharmacy
interventions enforce physicians to be more adequately
adhere to appropriate chemotherapy administration
guidelines. All of those contraindications were
relatively contraindicated with the patients’ CBC
(anemia, neutropenia or thrombocytopenia) or other
diseases not absolutely contraindicated.

Table (2) shows that, a total of 100 errors were
detected during answering Q No.12 (Are there any
additional laboratory tests should be done during
therapy?), this means that all the patient included in the
study were required therapy monitoring by additional
laboratory tests during their hospital stay. Thirty five
percent of the errors could be handled by clinical
pharmacists who implemented a patient education
program and helped patients in monitoring their
parameters during treatment. That was succeeded in 35
patients only because those patients were received
flurouracil only which doesn’t need additional
laboratory tests so it was easy for patients to monitor
the mucositis associated with flurouracil. 

Table (2) shows that, a total of 100 errors were
detected during answering Q No.13 (Are there any
additional laboratory tests should be done after
therapy?). All the errors could not be prevented and the
physicians mentioned that it is unpractical admitting the
patients again many days after discharge to monitor
their functions and they added that, the patients’
functions are rechecked before giving them the next
chemotherapy cycles. 

The clinical pharmacy interventions reduced the
number of medication errors from 1548 to 444 in the
studied group as shown in table (2) and the difference
of medication errors means before and after initiating
the clinical pharmacy interventions was statistically
significant (P = 0.004).

Figure 1 represents the number of DRPs before
and after correction by clinical pharmacy interventions.

Table (3) represents the number and percentages of
medication errors during different stages of drug use
process before and after clinical pharmacy intervention.
From this table we can observe that most of
medication errors occur during prescribing (76.12%),
during administration (20.05%), and dispensing errors
about 3.83%. 
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Table 3: The number and percentages of medication errors (MEs) during different stages of drug use process before and after clinical
pharmacy interventions

Stage of drug use process Number of errors before interventions (%) Number of errors after interventions (%)
Prescribing error 892 (57.5) 251(56.5)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Administrating error 235 (15) 4(0.9)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dispensing error 45 (3) 0

Fig. 1: The number of drug related problems (DRPs) before and after clinical pharmacy interventions.

Fig. 2: Different types of drug related problems (DRP) and the number of medication errors (MEs) before and
after clinical pharmacy interventions.
Types of DRPs:
AD: Adding drugs to the regimen.
UF: Untailoring of drugs according to functions.
UD: Underdoses.
I IV Ad.: Inappropriate intravenous administration.
D-DIs: Drug – drug interactions.
LOM: Lack of monitoring during treatment.

Table (4) represents the number and percentages of
different types of medication errors in each cancer
stage before and after clinical pharmacy intervention.

Table (4) shows that 48% and 44.3% of the
detected MEs were occurred in patients with stages III
and IV respectively.

As shown in table 5, a total of 1104 clinical
pharmacy interventions were documented in the present
study: about 45.3% of this intervention resulted in
increase in the efficacy, and 54.7% resulted in decrease
in the toxicity of the chemotherapy regimen.

Discussion: A total of 10127 DTAWs' questions were
answered through implementing pharmaceutical care
service for 100 cancer patients at NCI which is a
tertiary university hospital in Egypt. All of the 100

medical records in the present study showed medication
errors when compared to ideal practice. In contrast to
the observations of Gilbar, who detected the medication
errors in 100 medical records for cancer patients and
resulted in; only 72% of records showed potential for
error[9].

This study was succeeded in detecting 1548
medication errors, That rate was similar to what has
been detected by Aguirrezabal in span (2003); who
conducted a study for detecting errors in chemotherapy
prescription, resulted in 12,101 errors were detected in
618 medical records and concluded that the description
of such errors and their quantification is a useful
method of quality assurance in order to establish
appropriate corrective measures[10]. 
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Table 4: The number and percentages of medication errors (MEs) in each cancer stage before and after clinical pharmacy interventions 
Stage of cancer No. of MEs (% of No. of MEs (% of % of MEs

total No. of MEs) BI total No. of MEs) AI corrected in each stage
I 42 (2.7) 12 (2.7) 71.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II 77 (5) 25 (5.5) 67.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
III 742 (48) 202 (45.5) 73
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IV 687 (44.3) 205 (46.3) 70
BI: Before interventions AI: After interventions 
MEs: Medication errors

Table 5: The clinical outcomes resulted from clinical pharmacy interventions
Q. No. Total number of Interventions 6 increase in the Interventions 6 decrease in

interventions (%) efficacy of the regimens the toxicity of the regimens
Q. 1 127(11.5%) 3 124
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 2 118(10.5%) 0 118
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 3 36(3.25%) 36 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 4 15(1.5%) 0 15
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 5 0 0 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 6 219(20%) 158 61
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 7 277(25%) 174 103
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 8 125(11.25%) 100 25
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q. 9 75(7%) 0 75
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q.10 77(7%) 29 48
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q.11 0 0 0
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q.12 35(3%) 0 35
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q.13 0 0 0

1104 500 (45.3%) 604 (54.7%)

The results reported in the present study agree with
the observations of Almut and his colleagues[11], who
studied the nature and causes of clinically significant
medication errors in a tertiary care hospital and resulted
in a total of 321 medication errors were reported over
a 12 week study period in 2002. The reporters were
provided with (PDAs) to facilitate data collection and
analysis of medication errors and that was the same
research tool used in this present study. 

Lack of drug therapy accounted for 17.9% of
medication errors in Almut's study versus 6.5% in this
study (Table 2) while unnecessary drug reported 10.8%
versus 7.7% in Almut's study and the present study
respectively. The present study resulted in higher
incidence of adverse drug reactions (4.8%) and drug
interactions (6.2%) compared to Almut's study which
reported percentages of 0.8% and 3.3% to adverse drug
reactions and drug interactions respectively. These
variations may be related also to the nature of
antineoplastic drugs which are associated with higher

incidence of ADRs and toxicity than other drugs.
Inappropriate drug selection was responsible for

10.8% of Almut's medication errors and only for 2% of
our medication errors because cancer patients always
use fixed and standard protocols unlike other patients
who are susceptible to receiving many medications
according to the physician's point of view and
experience.

Contraindicated drug reported 4.6% and 0.3% in
Almut's results and our results respectively. All the
contraindicated drugs in the present study were
relatively not absolutely contraindicated to patients with
low blood count and because of cancers are a life
threatening diseases, starting the chemotherapy
protocols for those patients was a must despite their
blood counts. 

Seven percent of the errors were resulted from
administering drugs with wrong frequencies in the
present study and almost all of those errors occurred
with supportive treatment not chemotherapy. Almut's
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study recorded lower incidence of errors due to wrong
frequency (1.7%).

Almut and colleagues concluded that most errors
were initiated during prescribing 72% and were
associated with deficits in pharmacotherapy knowledge
(39%) or with failure to consider critical patient
information (18%)[11].

The most common errors recorded in the present
study were resulted from insufficient residents training
and insufficient resident's number. In addition medical,
nursing staffs and patients didn't benefit maximally
from the pharmacist's presence.

Table (3) shows that 76.12% of the errors recorded
in the present study occurred in the prescribing stage,
20.05% in the administration stage and 3.83% in the
dispensing stage. Penkarn and colleagues (2003) who
analyzed the types of medication errors and concluded
that, 56% of the errors occurred in the prescribing
stage, 34% in the administrating stage, stage and 4%
in the dispensing stage[12].

An analysis of the causes of cytotoxic prescription
errors was also performed by Goyache and collegues in
Spain (2004); who aimed to collect and analyze
prescription errors for parenterally administered
cytotoxic drugs, to identify causes from results obtained
then suggest feasible solutions to prevent them. The
results obtained from Goyache's study concluded that
292 errors were detected; most resulted from dosing
errors, followed by incorrect treatment duration[13]. 

Forty  five  percent  of  clinical  pharmacy
interventions  have  led  to  increase  in  the  efficacy
of chemotherapy regimen and 54.7%have led to
decrease in  the  chemotherapy  toxicity.  These
findings were consistent with that reported by Kroon et
al., who rated all interventions by three clinical
pharmacists and concluded that 26% of the
interventions were considered significant.  Thirty three
percent involved optimizing therapy; 29%, minimization
of toxicity; and 24%, facilitating nursing care[14].

A total of 96.5 % of the interventions in the
present study have positive impact in patient care. Adil
and Colleagues; recorded a lower rate (86%)[15], Bayliff
and Einarson recorded a rate of 87%[16], and Taylor and
Colleagues recorded a rate of 84% in different
settings[17].

Conclusion: 
C The clinical pharmacy interventions reduced the

number of medication errors from 1548 to 444 and
the difference of medication errors means before
and after initiating the clinical pharmacy
interventions was statistically significant (p=0.004).

C A total of 1104 clinical pharmacy interventions
were documented in this present study.

C Forty five percent of clinical pharmacy

interventions have led to increase in the efficacy of
chemotherapy regimen and 54.7% have led to
decrease in the chemotherapy toxicity.

C Seventy six percent of the errors recorded in the
present study occurred in the prescribing stage,
about 20 % in the administration stage and 3.8%
in the dispensing stage

C The clinical pharmacy interventions among
oncology patients are very important, as
demonstrated by reducing the number of
medication errors.

C All residents and pharmacists should receive
extensive training about the appropriate use of
chemotherapy protocols and have emphases about
the causes of medication errors detected in this
study. 

C Finally, additional research is necessary to
determine the incidence of medication errors and
the importance of clinical pharmacy interventions
among other medical specialties than oncology in
the Egyptian population. 

The study had the following limitations:
1. The data were obtained from oncology patients and

should not be extrapolated to other types of
patients.

2. A  few  drug  information  databases  were  used,
so the  information  may  carry  little  differences
from other drug information sources
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