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Abstract

Background—Although full costs (including direct and indirect costs) that incurred during the 

process of chemotherapy administration should be measured, many studies estimate only direct 

labor and medication costs associated with various chemotherapy delivery systems.

Objectives—To estimate the total costs for dispensing and administration of fluorouracil when 

administered with leucovorin, by intravenous infusion or bolus, using a microcosting approach 

from the perspective of a provider or health system.

Methods—A time-and-motion study was used to measure the time spent by (1) pharmacy staff in 

the handling, admixture, and dispensing of fluorouracil and (2) patients in the clinic. The study 

was performed at The Cancer Institute of New Jersey for an 8-month period. Costs of dispensing 

and administering fluorouracil were calculated per patient visit on the basis of resources used in 

the processing of fluorouracil and time spent by pharmacy staff and patient. All costs were 

standardized to 2005 dollars.

Results—A total of 275 observations were made, and 74 (26.9%) of these were associated with 

fluorouracil-based chemotherapy. Pharmacy staff spent an average of 11 minutes for bolus 

fluorouracil with leucovorin infusion (fluorouracil/LCV-IV) and 8 minutes for bolus fluorouracil 

with bolus leucovorin (fluorouracil/LCV-B). Patients who received fluorouracil/LCV-IV spent an 

average of 203 minutes in the clinic, whereas patients who received fluorouracil/LCV-B spent 110 

minutes. The average cost of administering fluorouracil/LCV-IV was $933, which comprised drug 

costs ($279), dispensing costs ($189), and administration costs ($465). The average cost of 
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fluorouracil/LCV-B was $474, which comprised drug costs ($65), dispensing costs ($141), and 

administration costs ($268).

Conclusions—This is the first study to formally demonstrate the high cost of administering the 

injectable form of fluorouracil chemotherapy with leucovorin, despite relatively low drug 

acquisition cost. Therefore, reimbursement rates for fluorouracil should be calculated in such a 

way that covers all costs, including overhead costs for the department.
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Background

Cancer is the second leading cause of death and accounts for 23% of all mortality in the 

United States.1 The total economic costs of cancer were estimated at $206.3 billion ($78.2 

billion for direct medical costs, $17.9 billion for indirect morbidity costs, and $110.2 billion 

for indirect mortality costs) in 2006.2 Chemotherapy is a frequent component of cancer care, 

and its costs can be substantial to third-party payers. 5-fluorouracil (fluorouracil), 

administered alone or as a part of a combination therapy, is the basis of cancer treatment 

regimens for a variety of solid tumors and produces desirable functional outcomes.3,4 As a 

cytotoxic drug that potentiates the effects of radiation therapy, fluorouracil is also used 

extensively in cancers of the breast, esophagus, rectum/anus, head and neck, pancreas, 

cervix, stomach, and bladder.5–9

Providing cost-effective cancer treatment has far-reaching implications for both patients and 

the institution. As the expenses related to cancer treatment continue to rise, the adequacy of 

institutional billing and payment methods are also becoming increasingly important.10,11 

Presently, reimbursements for providing cancer chemotherapy do not reflect the actual costs 

and thus remain a challenge for practitioners in private practice and in hospital outpatient 

departments. In 2006, reimbursement for medications in either setting by the Centers for 

Medicare and Medicaid Services (CMS) was based on the average sales price (ASP) plus 

6%, with no provision for pharmacy handling, admixture, and dispensing costs (referred to 

as pharmacy dispensing costs from here forward).

Because professionals continue to search for ways to deliver chemotherapy to cancer 

patients as safely and efficiently as possible, it is equally as important to determine the total 

(ie, direct and indirect) costs using precise and appropriate methods. Fluorouracil is 

commonly used for a variety of cancers with a relatively low drug acquisition cost in 

comparison to other cancer medications, but previous cost analyses conducted for treatment 

with fluorouracil have addressed only the direct costs associated with the treatment and have 

reported direct costs ranging from $1057 to 3120 per month (in 2005 US dollar).12–14 To our 

best knowledge, the full costs of fluorouracil therapy, which consider both direct and indirect 

costs of this regimen, have not yet been evaluated.
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This study was conducted to estimate the full costs of fluorouracil when dispensed and 

administered with leucovorin intravenous (IV) infusion or bolus from the perspective of a 

health care provider, using a time-and-motion approach.

Methods

Study patients and data collection

The study included patients who visited the outpatient infusion clinic of The Cancer Institute 

of New Jersey, which is one of 39 National Cancer Institute-designated Comprehensive 

Cancer Centers in the United States. Patients treated with fluorouracil during the entire study 

period were observed to measure time spent from the beginning until the completion of 

fluorouracil chemotherapy using a time-and-motion study.15 The time spent by the 

pharmacy was measured from the beginning of preparation to the completion of fluorouracil 

dispensing for each patient.

A pilot study was conducted to estimate the amount of time spent by 14 patients to receive 

fluorouracil therapy to determine the number of observations needed for the main study. 

From the pilot study, it was determined that at least 66 observations would be needed to 

establish the mean time for handling, admixing, dispensing, and administering fluorouracil 

chemotherapy, with a 95% confidence level at a significance level of 5%.15 We observed 

patients who received a fluorouracil-based regimen to measure their time spent undergoing 

chemotherapy and continued this process until 82 observations were obtained between 

November 1, 1998, and July 30, 1999. We also observed pharmacy staff to determine time 

associated with chemotherapy dispensing for these patients.

The sample included all patients who received care at the outpatient infusion clinic from 

June 14, 1999, to June 18, 1999 (1 week), to measure the total amount of time spent by all of 

those patients. A total of 275 patients spent a total of 34,617 minutes to receive care. The 

total time spent for dispensing chemotherapy by pharmacy staff during the same week 

(pharmacy staff spent a total of 1921 minutes) was also measured. This specific week was 

selected after consulting a panel of nursing and pharmacy staff, and it was determined that 

the number of patients in this week was most representative of the mean of weekly totals of 

patients treated during the past 6 months at the study site. These total minutes spent by 

patients were used as a denominator to calculate per minute cost associated with 

chemotherapy administration within the nursing department, and total minutes spent by 

pharmacy staff were used to calculate per minute cost for chemotherapy dispensing within 

the pharmacy department, respectively.

A time-and-motion study, which is a recommended approach for use of a microcosting 

method, identifies in detail and precisely measures all resources used in the production 

process.16,17 It was used to collect resources in the process of fluorouracil therapy and the 

time spent by patients and pharmacy staff. The time spent by a patient to receive fluorouracil 

chemotherapy was used to calculate per minute cost for administration of fluorouracil 

chemotherapy. The purchase prices of prescription drugs and supplies as well as detailed 

financial information of The Cancer Institute of New Jersey were obtained from its 
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accounting, pharmacy, and nursing departments. The study was reviewed and approved by 

the UMDNJ/Robert Wood Johnson University Hospital Institutional Review Board.

Definition of dispensing and administration costs

The full cost of dispensing and administering fluorouracil chemotherapy included both 

direct costs and indirect costs. Direct costs (ie, drug, supply, and direct labor costs) were 

defined as those costs incurred at the pharmacy and nursing departments during the process 

of fluorouracil dispensing and administration. Indirect costs were defined as departmental 

overhead costs occurred at the pharmacy and nursing departments to support clinical staff’s 

chemotherapy and institute overhead costs incurred by supporting/service departments 

(excluding pharmacy and nursing departments) to facilitate the activities of operating 

departments.18,19 A detailed definition of costs and source of cost information is presented 

in Table 1.

Cost calculation

The costs of dispensing and administering fluorouracil were calculated on a per patient visit 

basis. The drug and supply costs were calculated using acquisition costs at the study site. 

The direct labor cost associated with fluorouracil administration (ie, nursing department) 

was calculated as follows:

Equation (1) = Weekly paid salaries including fringe benefits (ie, 28%) for relevant 

personnel directly involved in the process of fluorouracil administration (ie, annual 

salaries divided by 34.2 weeks on the assumption that the clinic operates 252 days a 

year and provides 12 days of paid vacation per employee per year)

Equation (2) = Total observed time spent by all patients to receive fluorouracil 

chemotherapy during 1 week (ie, 34,621 minutes)

Equation (3) = Direct labor cost per minute was calculated by dividing (Equation 1) 

by (Equation 2)

Equation (4) = Direct nursing labor cost for each patient was obtained by multiplying 

direct nursing labor cost per minute (Equation 3) by the time spent by each patient

Nursing labor costs per minute were estimated by dividing weekly nursing salary by total 

minutes spent by patients (ie, total minutes served by nursing staff). This method was 

developed to consider variations in nursing staff services provided to patients and to account 

for clinical staff providing care to several patients simultaneously under the assumption that 

the study site served the maximum number of patients at any one time to fully use the 

capacity of nursing department. This assumption was made because it is common for 

institutes to use the nursing staff at maximum capacity, as the nurses and nurse aids are paid 

regardless of the number of patients they served.

Departmental overhead costs included the costs accrued to support chemotherapy 

administration, and these costs were calculated as follows: first, we calculated per minute 

departmental overhead cost by dividing the weekly nursing departmental budget (except 

salaries for clinical staff who administered chemotherapy) by the total amount of time spent 

Suh et al. Page 4

Res Social Adm Pharm. Author manuscript; available in PMC 2017 February 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by all patients for 1 week. Then, departmental overhead cost per patient was calculated by 

multiplying per minute departmental overhead cost by the time spent by each patient.

Equipment cost per minute, which was calculated by dividing the annual cost of equipment 

by the total amount of time spent by all patients while receiving fluorouracil therapy. Annual 

costs of equipment were determined using the length of useful life of the equipment, 

purchase price, and maintenance costs. The purchasing prices were obtained from the study 

site, and the costs were amortized over the useful lifetime to estimate the annual cost, based 

on the assumption of no salvage value of the equipment by the time of replacement. This 

method incorporates the opportunity cost and the depreciation aspect of the capital cost.18 

Then, equipment cost per patient was calculated by multiplying per minute equipment cost 

by the time spent by each patient.

Less technology-related equipment (patient IV chairs and tables, furniture, refrigerator, etc) 

was assumed to have a useful lifespan of 10 years, and electronic equipment was assumed to 

have a lifespan of 5 years (for computers and copy/fax machines) and 3 years (for blood 

pressure and thermometer machines). To calculate the capacity of the equipment, the 

following 2 assumptions were made: the equipment was used 40 hours per week for 50 

weeks per year, and the equipment was operated at 80% of its capacity at the study site.19

The institute overhead costs were estimated based on the following procedures: first, 18% of 

the weekly budget for supporting departments at the institute (based on the amount 

suggested by the institute’s accounting department) was allocated to the nursing department. 

Then, the institute overhead cost per minute was calculated by dividing the weekly indirect 

expenses by total minutes spent receiving therapy by all patients in 1 week. The institute 

overhead cost for each patient was calculated by multiplying per minute overhead cost by 

time spent by each patient.

Likewise, the costs of labor, direct departmental overhead, and institute overhead (14% of 

the institute budget, as suggested by the accounting department) for the pharmacy 

department were estimated on the basis of time spent by the pharmacy staff on dispensing 

fluorouracil (total minutes spent by pharmacies and technicians for 1 week: 1921 minutes), 

which included the handling and admixing of fluorouracil and leucovorin for study patients.

Statistical analysis

Means, SDs, and medians were calculated for the time spent by patients in the ambulatory 

infusion clinic as well as for the time required by the pharmacy staff in dispensing 

fluorouracil chemotherapy. Because time spent per patient and costs per fluorouracil 

chemotherapy were highly skewed due to the variable nature of the duration of infusion for 

individual patients, a 95% confidence interval for average time and costs associated with 

dispensing and administering fluorouracil was calculated using the bootstrap method with a 

resampling of 1000 times.20 The dollar values were converted to 2005 dollars using the 

consumer price indexes for medical care, prescription drugs, and medical supplies 

accordingly.21 All data analyses were performed using SAS (SAS Institute Inc., Cary, NC) 

statistical software.22
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Results

Characteristics of patients

The characteristics of the patients who received fluorouracil chemotherapy with leucovorin 

during the study period are shown in Table 2. A total of 82 observations of dispensing and 

administration activities associated with fluorouracil chemotherapy were collected during 

the study period. For the calculation of the full cost associated with fluorouracil 

chemotherapy, 3 patients received other chemotherapy (eg, methotrexate, carboplatin, or 

etoposide) orally or subcutaneously before fluorouracil chemotherapy and 8 patients who 

did not receive chemotherapy as scheduled because of side effects of the treatment (eg, low 

white blood cell counts, low platelet counts) were excluded.

The overall average age of patients being treated with fluorouracil was 63 years; patients 

received leucovorin as an infusion averaged 68 years in age, whereas patients received 

leucovorin as a bolus averaged 53 years in age. Forty-two percent of the observations 

involved male patients, whereas 61% of the observations involved patients who were 

covered by Medicare. Because 86% of patients had colorectal cancer, it is likely that the 

higher average age of patients receiving fluorouracil is because of the higher incidence of 

colorectal cancer in the elderly population. Most observations involved Caucasian patients 

(59%) followed by Latinos (14%).

Time spent on dispensing and administration of chemotherapy

Table 3 summarizes the time spent by patients who were treated with fluorouracil depending 

on administration route of leucovorin and the time spent by the pharmacy staff for handling, 

admixing, and dispensing, classified according to chemotherapy type.

The average of time spent by the pharmacy for the handling, admixing, and dispensing of 

fluorouracil was 11 minutes. The dispensing time of fluorouracil with leucovorin as an 

infusion was 11 minutes, whereas the time for fluorouracil with leucovorin as a bolus was 8 

minutes.

Because fluorouracil was always given as a bolus injection at the study site at the time of 

this study, the differences in time spent receiving treatment were primarily because of the 

method of administering leucovorin. Patients spent an average of 110 minutes receiving 

treatment when their fluorouracil was given with leucovorin as a bolus injection. However, 

they spent almost twice as much time for therapy (203 minutes) when leucovorin was given 

by IV infusion, even though fluorouracil was administered as a bolus injection over 

approximately 4 minutes in both cases.

Dispensing and administration costs of chemotherapy with 5-fluorouracil

The various types of mean costs associated with fluorouracil chemotherapy are presented in 

Table 4. The different types of costs were calculated by multiplying the time spent by the 

cost per minute accordingly. The full costs associated with fluorouracil therapy were 

calculated by adding up the individual cost factors, which have already been discussed in the 

Methods section.
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This study found that the total cost of therapy varied depending on the modes of leucovorin 

administration. The full cost of providing fluorouracil with leucovorin chemotherapy was 

approximately $933 when leucovorin was administered as an infusion compared with $474 

when leucovorin was given by bolus injection. The cost of providing fluorouracil therapy 

was predominantly related to drug administration, which accounted for 50% of the costs for 

IV leucovorin and 57% for bolus leucovorin, respectively.

As presented in Table 4, the acquisition cost of fluorouracil was relatively low but a 

substantial difference in the costs of drugs was found between IV ($279) and bolus ($65) 

leucovorin. With regard to costs associated with the dispensing of the chemotherapy by the 

pharmacy staff, they were found to be generally consistent among the patient groups. The 

total cost of dispensing fluorouracil chemotherapy treatment was $189 for cancer patients 

given IV leucovorin and $141 for patients given bolus leucovorin. The direct pharmacy labor 

costs associated with fluorouracil and leucovorin infusion totaled $36, and similarly, the 

labor cost associated with fluorouracil and leucovorin bolus was $27. However, the institute 

overhead was $120.53 for leucovorin infusion and $89.77 for leucovorin bolus when the 

institute overhead costs assigned to pharmacy department were allocated based on the time 

spent for fluorouracil dispensing by pharmacists and technicians.

Furthermore, the direct labor cost of nursing administration was considerably higher when 

the leucovorin was administered by infusion ($149) rather than by bolus injection ($81). The 

differences in overhead costs were also observed between the administration modes, with 

departmental overhead costs of nursing administration amounting to $106 for leucovorin 

infusion and $58 for leucovorin bolus injection. Similar to dispensing costs, the institute 

overhead cost was a major component of the total nursing administration costs. Institute 

overhead costs were $156 for leucovorin given by infusion and $85 for leucovorin given as a 

bolus injection.

Fig. 1 illustrates the relative proportions for each type of cost associated with fluorouracil 

chemotherapy. Drug costs accounted for 30% of total costs when leucovorin is given as an 

infusion and 14% of total costs when leucovorin is given as a bolus injection. The total 

overhead costs, including the departmental overhead costs at the nursing and pharmacy 

departments and the institute overhead costs, accounted for 44% of total costs for infusion 

leucovorin and 53% for bolus leucovorin.

Discussion

The present study measured the time spent by patients and pharmacy staff on fluorouracil 

chemotherapy and calculated the cost of resources used in the process of dispensing and 

administering fluorouracil using a time-and-motion study. Cancer patients who received 

bolus fluorouracil spent about 2–3 hours in the clinic depending on the type of leucovorin 

administration. The average time spent on dispensing chemotherapy by pharmacy staff was 

about 8–11 minutes, depending on the route of leucovorin administration. The full cost of 

dispensing and administering fluorouracil was $933 per visit when IV leucovorin was 

administered and $474 per visit when bolus leucovorin was administered. The acquisition 

cost of fluorouracil with leucovorin for the treatment of colorectal cancer is insignificant 
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compared with the costs of other injectable drugs such as irinotecan, oxaliplatin, 

bevacizumab, or cetuximab.23 Therefore, basing the pharmacy fees for handling, admixing, 

and dispensing a drug on the acquisition cost of the product rather than the actual cost of this 

process is flawed24 because the costs for pharmacy preparation substantially exceeded the 

acquisition costs in this study.

CMS currently reimburses medications based on the acquisition cost (ie, estimated by ASP 

plus 6%) without considering pharmacy handling costs, which are classified as pharmacy 

labor and departmental overhead costs in our study.25,26 However, our study reveals that 

these costs accounted for approximately 44–53% of total chemotherapy costs depending on 

whether leucovorin was administered as infusion or bolus. CMS reimbursement presents a 

unique financial challenge in the hospital outpatient department because most cancer 

therapies require reconstitution and preparation by the pharmacy before infusion, which can 

require a lengthy amount of time, and use specialized safety equipment in accordance with 

mandates such as the US Pharmacopeia document 797 (USP 797). Such mandates have 

resulted in significant economic burdens to pharmacies attempting to be in compliance with 

these requirements.27 Another organization, the National Institute of Occupational Safety 

and Health (NIOSH), is tasked to enforce safety in pharmaceutical workplaces and released 

updated guidelines for preventing occupational exposure to antineoplastic and other 

hazardous drugs in health care settings in September 2004. Because these guidelines require 

the use of a closed system device to minimize exposure, compliance with both USP 797 and 

NIOSH results in the pharmacy incurring increased handling and preparation costs. Both of 

these mandates were not in place when our study was performed. Therefore, this study’s 

estimated costs for the handling, admixing, and dispensing by the pharmacy may be 

artificially low.

The direct costs calculated in this study were compared with those of previous studies that 

estimated direct costs in most instances. Based on the assumption that patients receive 

fluorouracil chemotherapy for 5 days per month, we extrapolated the full cost of fluorouracil 

chemotherapy to $4665 per patient per month (including direct costs of $2619) with infusion 

leucovorin and $2370 per patient per month (including direct costs of $1110) with bolus 

leucovorin.

A study comparing the costs of infusion versus bolus chemotherapies found the direct cost 

of bolus fluorouracil and leucovorin to be $1250 per month (equivalent to $1770 per month 

and $354 per visit in 2005 US dollars) when they were given on a daily schedule for 5 days 

at 5-week intervals and $2081 per month (equivalent to $2947 per month and $736 per visit 

in 2005 US dollars) when they were administered weekly.12 The previous study included 

direct costs only; thus, it should be expected that our estimations were slightly higher 

because the present study attempted to measure the full costs of chemotherapy treatment by 

including departmental and institute overhead costs.

Costs of IV fluorouracil and leucovorin in colorectal cancer patients were also calculated in 

other countries.13,14,28 In Israel, the cost of IV fluorouracil and leucovorin given for 5 days 

per month was estimated to be $2203 (equivalent to $3120 per month and $625 per visit in 

2005 US dollars) for drug costs and clinical services.13 In Canada, the average cost of 
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fluorouracil per patient per cycle was Can$1507-$2274 (equivalent to $1571-$2370 in 2005 

US dollars) from the hospital perspective.28 However, the results of these studies cannot be 

directly compared with those of our study, because in other studies, fluorouracil was 

administered as an infusion as opposed to bolus injection and not all direct and indirect costs 

were included. Another study found fluorouracil (425 mg/m2) plus low-dose leucovorin (20 

mg/m2) given by bolus injection daily for 5 days repeated every 28 days to have a mean 

direct cost of £462 per month (equivalent to $1057 per month and $211 per visit in 2005 US 

dollars).14 Because their study considered patient-specific variable costs and fixed costs of 

inpatient stays and operations from the hospital viewpoint, our results are found to be very 

comparable, after selecting equivalent cost components of direct costs from their study. A 

recent study conducted in England estimated the direct medical costs of fluorouracil with 

bolus leucovorin to be £959 per cycle (equivalent to $1799 per cycle and $360 per visit in 

2005 US dollars) to the England National Health Service.29 All these studies presented the 

direct costs associated with fluorouracil chemotherapy administration with a wide range of 

variation.

The present study calculated full costs of fluorouracil chemotherapy per visit using a time-

and-motion method as a microcosting approach. Because microcosting is an approach that 

most precisely estimates and measures all resources used in the production process, this 

approach is particularly well suited when the purpose of a study is to calculate marginal use 

of resources among alternatives.16,17,30,31 The actual time spent on chemotherapy by the 

clinical staff underestimates the total time spent caring for patients because it may not take 

into account the time spent on cognitive services alongside drug administration such as 

evaluation of appropriate dose, drug interactions, and laboratory values for appropriateness 

of care, or patient education and counseling that are not directly related to dispensing of 

fluorouracil chemotherapy. To allocate the time spent on these types of activities performed 

by both the pharmacy and the nursing staff to the actual time spent, our study measured time 

spent on dispensing by the pharmacy as well as the patients’ time spent receiving 

chemotherapy provided by the nursing staff.15,32

To the authors’ best knowledge, this was the first study calculating the full costs (including 

direct and indirect costs) of fluorouracil dispensed and administered with leucovorin, thus 

demonstrating the importance of considering indirect costs for estimation of reimbursement 

from third-party payers. We estimated per minute nursing costs using patient time spent on 

receiving chemotherapy rather than nurse time spent on patient care because total patient 

time reflects real productivity of the nursing department and reimbursement is determined 

based on how long a patient receives services. In addition, per minute pharmacy cost was 

estimated by total pharmacy staff time spent on dispensing to measure real productivity at 

the pharmacy department. Because of the common use of fluorouracil, pharmacy directors or 

financial administrators in different facilities may be interested in learning more about the 

importance of overhead costs for chemotherapy. The results of this study will assist them in 

negotiating reimbursement rates, managing personnel time, and processing budgets.

The method of reimbursement for oncology therapies remains controversial. The Prospective 

Payment Assessment Commission reported that Medicare and Medicaid underestimated true 

costs by covering only 89% and 93%, respectively, of what hospitals spent for purchasing 
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oncology treatments.33 However, this was estimated before the current reimbursement rates 

of the CMS. Between 1991 and 1996, Medicare reimbursement for administration of 

chemotherapy decreased approximately 57%, which was partially because of the elimination 

of payment for chemotherapy administration supplies as well as reimbursement barriers 

secondary to clinical investigation and “off-label” usage.11,34 It has also been shown that 

considerable geographical variability exists in the reimbursement for chemotherapy 

treatment.35

It has been suggested that considerable cost savings can be realized by using oral dosage 

formulations rather than parenteral chemotherapy. 28,36,37 However, the advent of new oral 

chemotherapy agents with a much higher drug acquisition cost creates the need for 

estimation of total costs, including administration and overhead costs, to compare the net 

financial impact of oral chemotherapy with IV chemotherapy.38

The present study is subject to a number of limitations. The results of the study are based on 

a single institution, and overhead costs, salaries, and drug procurement costs will differ 

across institutions. In addition, because a few patients required particularly expensive 

materials at every treatment (eg, central ports), a larger sample of patients may have 

provided a better estimate of the direct costs of materials, although the cost of materials is 

often small compared with the total costs of treating a patient. Despite using the 

microcosting method, we did not estimate marginal costs of fluorouracil chemotherapy by a 

different dosing regimen of leucovorin (low vs high dose), by different infusion rates, or by 

use of different chemotherapies besides fluorouracil. However, drug costs in our study can 

be replaced with those of other regimens to obtain analogous estimates of total costs for 

other regimens. In addition, this study presented nontrivial fixed cost per patient encounter 

because our estimation was based on the assumption that costs were linear in time spent for 

chemotherapy. The constant costs per unit of time may bias the cost estimates for treatments 

of longer duration upward and those for shorter treatments downward. Finally, one 

significant limitation of the time study is that there is a potential for observer-induced bias in 

which participants change their behavior while being directly observed.39

Conclusions

This study measured the costs associated with dispensing and administration of fluorouracil 

chemotherapy in outpatients using the microcosting approach. The average full cost of 

administering one dose of fluorouracil and leucovorin chemotherapy was approximately 

$932 when leucovorin was infused and nearly half as expensive ($474) when leucovorin was 

given by bolus injection. This study demonstrates the importance of accurately identifying 

and measuring chemotherapy costs by the method of leucovorin administration rather than 

estimating average costs of IV chemotherapy. This study also demonstrates that the 

injectable chemotherapeutic treatment regimen of fluorouracil with leucovorin is costly to 

provide, even though the acquisition cost of this formulation is low.
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Fig. 1. 
Proportion of costs associated with fluorouracil chemotherapy.
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Table 2

Characteristics of study patients who received fluorouracil chemotherapy

Category Leucovorin IV Leucovorin bolus Total

No. of observations 53 18 71

Age (mean ± SD), yr 68 ± 10 53 ± 5 63 ± 11

Sex, n (%)

 Male 29 (55) 1 (6) 30 (42)

 Female 24 (45) 17 (94) 41 (58)

Insurance, n (%)

 Private insurance or HMO 9 (17) 18 (100) 27 (38)

 Medicare 43 (81) 0 (0) 43 (61)

 No insurance 1 (2) 0 (0) 1 (1)

Type of cancer, n (%)

 Colon and rectum 44 (83) 17 (94) 61 (86)

 Gastric 7 (13) 0 (0) 7 (10)

 Others 2 (4) 1 (6) 3 (4)

Race, n (%)

 Caucasian 26 (49) 16 (89) 42 (59)

 African American 8 (15) 0 (0) 8 (11)

 Latino American 8 (15) 2 (11) 10 (14)

 Others 11 (21) 0 (0) 11 (15)

HMO, health maintenance organization.
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Table 3

Time spent per patient who received fluorouracil chemotherapy (minutes)a

Variable measured Fluorouracil with leucovorin-IV Fluorouracil with leucovorin-B Average

No. of observations (n) 53 18 71

Pharmacy dispensing time (min)

 Mean (bootstrap 95% CI) 11 (10–12) 8 (7–10) 11 (10–11)

 Median 10 7 10

 Interquartile range 10–13 7–8 8–12

Patient time for chemotherapy (min)

 Mean (bootstrap 95% CI) 203 (193–213) 110 (97–124) 180 (168–193)

 Median 210 113 185

 Interquartile range 178–227 91–134 145–220

IV, intravenous; B, bolus; CI, confidence interval.

a
The table does not present 3 patients who received fluorouracil concurrently with other chemotherapies (eg, methotrexate, carboplatin, or 

etoposide).
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Table 4

Costs of fluorouracil acquisition, dispensing, and administration

Administration of chemotherapy Fluorouracil with leucovorin IV Fluorouracil with leucovorin bolus

Mean Bootstrap 95% CI Mean Bootstrap 95% CI

Drug costs ($)

 Leucovorin 272.26 263.32–283.35 58.07 58.07–58.07

 Fluorouracil 6.67 6.30–6.86 6.61 6.61–6.61

 Subtotal 278.92 269.98–289.96 64.68 64.68–64.68

Dispensing costs ($)

 Supply 6.27 6.07–6.52 5.20 4.89–5.62

 Direct labor 36.04 33.79–39.75 26.84 23.44–33.64

 Departmental overhead 26.10 24.47–28.78 19.44 16.98–24.23

 Institute overhead 120.53 113.01–132.52 89.77 78.40–111.31

 Subtotal 188.93 177.52–207.80 141.25 124.23–174.77

Administration costs ($)

 Supply 53.98 52.04–57.94 44.35 42.53–46.64

 Direct labor 148.68 141.98–155.23 80.89 72.10–89.72

 Departmental overhead 106.40 101.61–111.09 57.89 51.60–64.21

 Institute overhead 156.00 148.88–162.88 84.88 75.70–94.31

 Subtotal 465.07 445.89–483.01 268.00 242.89–293.10

 Total costs ($) 932.93 907.88–955.97 473.93 436.90–518.80

IV, intravenous; CI, confidence interval.
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