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Abstract 
Background: Antineoplastic drugs are among medications that have narrow 

therapeutic index and high toxicity. For this reason, medication errors in patients with 
cancer are important and there have been myriads of efforts to decrease them. In this 
study, we attempted to assess the medication errors by designing chemotherapy 
standard forms for patients with Hodgkin’s and non-Hodgkin’s lymphomas. 

Method: This cross-sectional study was performed in Omid and Imam Reza 
Hospitals, Mashhad, Iran from January 2016 to October 2016.The forms have been 
designed by clinical pharmacist based on available international guidelines and 
validated by clinical oncologists working in these two centers. Therapeutic regimens 
were selected by clinical oncologists and adherence of the oncologists and nurses to 
this form and probable medication errors were identified by the pharmacy students. 

Result: In 206 visits of 62 Hodgkin’s and non-Hodgkin’s lymphoma patients, 
overall 790 antineoplastic drugs were administered to patients in whom 160 drugs 
were associated with medication error. The most common errors included improper 
dose (65%) and wrong infusion time (35%). One of the most important reasons for 
dosing errors was miscalculation of the BSA (40%).  

Conclusion: This study shows that about two third of errors were improper dose. 
It seems that chemotherapy standard forms, if properly followed by nurses and 
physicians, could be useful and effective to reduce medication errors.  
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Introduction 

Medication errors are very serious in healthcare 
system. Antineoplastic drugs have narrow 
therapeutic index, which can cause serious 
toxicities even at FDA-approved indications and 
dosing plans.1 Extra precautions are consequently 
necessary to prevent antineoplastic-related 
medication errors.2 

The National Coordinating Council for 
Medication Error Reporting and Prevention 
(NCCMERP)’s definition of a medication error 
is “any preventable event that may cause or lead 
to inappropriate medication use or patient harm 
while the medication is in the control of the health 
care provider, patient, or consumer. Such events 
may be related to professional practice, health 
care products, procedures, and systems, including 
prescribing, order communication product 
labeling, packaging and nomenclature, 
compounding, dispensing, distribution, 
administration, education, monitoring, and use.3 

The important concern for all oncologists and 
hematologists is administering these agents with 
the best possible safety and efficacy. This is 
necessary, since chemotherapy protocols are very 
complex involving several comedications and 
may also be given to elderly patients with several 
comorbidities. Although all precautions are taken, 
there is still the potential of serious medical errors 
during chemotherapy.4-7 

If errors are not found during each treatment 
course, they may be repeated during the following 
chemotherapy courses. Chemotherapeutic agents 
must be viewed as “high-alert” medications in 
order to prevent medication error.8 To enhance 
the safety of chemotherapy administration, it is 
necessary to practically standardize chemotherapy 
protocols.7 Using validated preprinted form9 has 
been recommended as a method to decrease 
medication errors. Data from the literature have 
revealed that standardized chemotherapy forms 
reduce the incidence of medication errors and 
improve oncology patient care.9-13 

The aim of this study was to evaluate the 
effects of chemotherapy standard form and identify 
the rate and types of medication errors in 
outpatient setting in patients with Hodgkin’s and 

non-Hodgkin’s lymphomas. 
 

Method 

This was a cross-sectional interventional study 
conducted during January 2016 to October 2016 
at oncology wards of two teaching hospitals, 
Imam Reza and Omid, affiliated to Mashhad 
University of Medical Sciences, Mashhad, Iran 
in outpatient setting. The patients with Hodgkin’s 
(HL) and non-Hodgkin’s lymphoma (NHL) aged 
between 17 and 70 years old signed the written 
consent form. Patients using herbal medications 
and those with renal (estimated glomerular 
filtration rate <50 mL/min), heart (ejection fraction 
<50, if echocardiography was available), or liver 
impairment were excluded from the study. 

The study protocol was approved by the local 
Ethics Committee of Mashhad University of 
Medical Sciences (Ethics code: 930637). 

A standard chemotherapy form was prepared 
by the clinical pharmacist based on the 
international available guidelines14 and reviewed 
and approved by all clinical oncologists working 
in these centers. Patients’ demographic and clinical 
information consisted of age, weight, height, body 
surface area (BSA), past medical drug history, 
diagnosis, and stage of disease were collected in 
this form. Besides, all of the approved 
chemotherapy regimens for HLand NHL regimen 
(including type of regimen, dose of medications, 
root of administration and duration of the treatment 
course, type of diluent solution and its volume) 
were specified. Then, the oncologists selected 
the appropriate chemotherapy regimen for each 
patient in these preprinted forms. Then nurses 
prepared and administered the medications based 
on the form. These forms were collected by a 
pharmacy student in chemotherapy wards. All 
medication errors (e.g. selection of regimen, dose 
of medication, root of administration, duration 
of therapy, selection of suitable diluent, and rate 
of infusion) and possible adverse effect were 
evaluated and recorded by pharmacy student. 
Also the patient’s height and weight were 
measured and BSA was recalculated based on 
the Du Bois formula to detect any error in 
calculation of BSA. If the difference was more 
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than 5%, we considered it as an error. The Du 
Bois formula, which is the western standard 
formula, was validated to a greater extent and its 
accuracy was confirmed more than others.15 Doses 
were recalculated according to the right BSA to 
detect any medication error. 

Any medication order that was >10% over or 
under the calculated dose or defined duration was 
considered dosing or duration error.16-17 In 
addition, acute adverse drug reactions occurred 
in patients during drug administration, were also 
recorded based on Common Terminology Criteria 
for Adverse Events (CTCAE) version 4. Results 
were tabulated and analyzed using MATLAB 
software and shown as mean ± standard deviation 
(SD) or number (percentages) for nominal 
variables.  

 
Result 

During the 7-month prospective study on 62 
adult patients, 206 chemotherapy course and 790 
medications were assessed. The mean patient age 
in HL was 31.57±12.31 and NHL was 
53.72±14.07 years. All patients with HL and NHL 
received ABVD and CHOP or CHOP-R regimens, 
respectively. In total, 160 medication errors were 
recorded, 65% of which were improper dose (104 

courses out of 206 courses of chemotherapy) and 
35% were nurse administration errors. Dosing 
error in these 104 courses included under dosing 
(75.96% of improper dose), overdosing (13.46% 
of improper dose), and mixed of under and over 
dosing for different medications of regimen 
(10.58%). Moreover, in 84 out of these 104 
courses (40%), miscalculation of BSA occurred 
via Du Bois formula. BSA was considered lower 
than actual value in most of these cases (93%).  

Incorrect duration of infusion was reported in 
56 courses out of 206 evaluated courses which 
was longer than recommended duration in 75% 
of cases. Rituximab was the most common 
medication involved in this type of error, because 
nurses were too much cautious about the infusion- 

Table 1. Data of this study 
Parameter Number 

Patients 62 
Visits 206 
Medications 790 
Medication errors 160 
Improper dose 104 
Incorrect duration of infusion 56 
Wrong route of administration 0 
Wrong medication 0 
Incorrect selection of solution 0 

Figure 1. The frequency of reported adverse reactions during the study in Hodgkin’s disease patients. (N/V: Nausea / Vomiting).
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related reactions of rituximab. The diluent solution 
selection and its volume and also route of 
administration were correct in all courses. No 
patient received wrong medication (Table 1). 

The most common adverse drug reaction 
observed in this study in HL was weakness and 
anorexia (51%), followed by nausea and vomiting 
(50%) (Figure 1). In NHL patients neuropathy 
(66%), weakness (45%), and nail hyperpigmen-
tation were the most common adverse reactions, 
respectively (Figure 2). It is important to mention 
that in 8 out of 102 courses, in which patients 
received rituximab infusion (7.84%), the infusion 
related reactions occurred and all of these cases 
were managed properly by using hydrocortisone 
and chlorpheniramine injections and also 
supplement oxygen. Two cases of extravasation 
also occurred with vincristine and doxorubicin 
managed appropriately by the oncologist.  

 
Discussion 

There are few number of studies evaluating 
medication errors in chemotherapy in inpatient 
or outpatient setting. In the present study, the 
error rate was 77 %. Rinke et al. reported merely 
1% chemotherapy error rate in adult and pediatric 
patients;17 whereas, Walsh et al. reported an 8.1% 

error rate in the outpatient setting.18 The error 
rate in Dhemaji’s study was 11%.16 By assessing 
the standard forms, it was concluded that the 
physicians selected all the regimens according 
to the standard guideline. It means that using this 
preprinted standard form made this part of 
prescribing process flawless. By reviewing 
patients’ files, it was observed that the most 
common error was dose calculation. In 
administration phase, nurses did not use standard 
forms properly and even this part of the forms 
was incomplete in some cases; thus, evaluation 
of the standard forms effect in this phase was not 
possible. However, in some parts such as selecting 
the type and volume of diluents, there were no 
medication errors. Fyhr noted that prescribing 
errors (42%) occurred more than administering 
errors (16%).19 However, some studies reported 
the opposite (Table 2).16-18 

While analyzing the epidemiology of errors 
in the present study, it was observed that 63% of 
errors occurred in prescribing phase and 37% 
occurred during the administering phase of 
chemotherapy. The dosing error rate in the present 
study was more than the mean dosing error rate 
of similar studies. 

While analyzing the epidemiology of errors 

Figure 2. The frequency of reported adverse reactions during the study in non-Hodgkin’s disease patients. (N/V: Nausea / Vomiting). 
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in the present study, we observed that 63% of 
errors occurred in prescribing phase and 37% 
occurred during the administering phase of 
chemotherapy. In the present study, the dosing 
error rate was more than the mean dosing error 
rate of similar studies. Incorrect calculation of 
drug doses included both over and under dosing. 
However, under dosing errors did not lead to 
serious side-effects because if the dose is too low, 
it will just make the treatment ineffective; whereas, 
at excessive doses, the toxicity can occur in 
patients.20 

It is quite essential to reduce the potential for 
errors in the prescribing and administering stage, 
which could be done via electronic chemotherapy 
order form. In the electronic forms, the ordering 
program calculated the BSA after inserting the 
height and weight, eliminating the potential for 
a manual miscalculation. The computer program 
electronically calculated the total dose to be 
administered based on the calculated BSA.21 

A study conducted in order to compare the 
traditional unstandardized blank order sheets, the 
standard written forms, and electronic 
chemotherapy form. Results showed that the 
completeness of chemotherapy order improves 
significantly through the standardization of 
chemotherapy order forms. The electronic forms 
also demonstrate an additional improvement over 
hand-written standard forms in terms of 
completeness and electronic calculation of BSA 
and chemotherapy doses.21 Patients are the last 
line of defense against an error; thus, they should 
be well-educated about their chemotherapy 

regimens.22 To be informed of their treatment, 
they would be able to involve in the detection 
and prevention of errors.23 

However, it should be mentioned that the high 
rate of prescription errors in this center might be 
due to limited access to medications and their 
high prices, which forced oncologists in most 
cases to round the doses to the available dosage 
form and reduce the cost. In practice, there are 
many limitations to prescribe the exact amount 
of medicine (e.g. high price and limited dose 
packages). Often, the prescribing dose of a 
cytotoxic drug is not solely based on a protocol. 
Dose modification is based on other medical 
factors - performance status, nutritional status, 
existence of comorbidities, bone marrow reserve, 
current blood counts, and previous adverse effects 
of the chemotherapy regimen. In numerous cases, 
the standard regimens were modified because of 
the lack of facilities to admit patients, which 
forced them to use outpatient chemotherapy and 
resulted in shorter infusion time or duration of 
treatment course. Prescribing a specific dose of 
a cytotoxic agent is mainly a medical judgment 
based on patient status and not solely on the 
protocol of a regimen. 

This study suffered some limitations. First, 
time of the study was short and thus limited 
number of patients was included. Second, as we 
did not perform a preimplementation phase study, 
we could not compare pre- and post-
implementation error rate. Third, some types of 
possible medication errors particularly in the 
preparation phase by nurses was not evaluated 

Table 2. Epidemiology of ME in chemotherapy and comparison with published literature 
References Fyhr et al. Rinke et al. Dhamij et al. Walsh et al. Current study 

Year 1996-2008 1999-2004 2012 2008 2015 
Length of the study 12 years 5 years 8 months 9 month 6 months 
Design Retrospective Retrospective Retrospective Retrospective Prospective 
Patients age (y) All ages <18 <18 All ages 18-70 
ME rate (%) NS 1 11 8.1 77.6 
Dosing error rate (%) 45 22.9 9 NS 65 
Rate of error in duration NS NS 26 NS 35 
of infusion 
Wrong route NS 12.2 NS NS 0  
Wrong patients 0.08 NS NS NS 0 
Wrong drug 30 NS NS NS 0 
ME: Medication errors; NS: Not significant
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in this study, neither was the chronic drug adverse 
reactions. 

 
Conclusion 

In conclusion, for this study, we examined 
217 chemotherapy visits and 89 medication errors 
were recorded in two outpatient centers. The 
result showed that chemotherapy standard forms 
were efficient if it was used accurately. 
Fortunately, no life-threatening morbidity was 
observed during study. 
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