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C olorectal cancer (CRC) is the second leading cause of death 
and the third most common malignancy in the United 
States.1 The mounting costs associated with recent advances 

in cancer detection and treatment are troubling, and increasing atten-
tion is being paid to cost-effective analyses.2-7 Schrag8 noted that, in 
the decade leading up to 2004, the introduction of new life-extending 
therapies had led to a 340-fold increase in the cost of chemotherapy 
compared with traditional regimens.

A brief historical overview of CRC regimen development places these 
rising treatment costs in context.4,5 The original standard treatment for 
CRC included several regimens containing 5-fluorouracil (5-FU) and 
leucovorin calcium (LV), with varying administration schedules.9 With 
the addition of irinotecan hydrochloride and oxaliplatin to the pharma-
copeia, new regimens such as fluorouracil-LV-irinotecan hydrochloride 
(FOLFIRI) and fluorouracil-LV-oxaliplatin (FOLFOX) were devel-
oped.10,11 Most recently, monoclonal antibodies have been included in 
treatment regimens.12-14 Initially, the survival time without chemother-
apy was 8 months and increased to 12 months with the use of 5-FU; 
patients can now expect to survive beyond 21 months because of the 
incorporation of cetuximab and bevacizumab into regimens.8,12-14 These 
new life-extending agents are now considered standard therapy, placing 
a greater economic burden on the healthcare system not only because 
of higher costs per drug but also because of their expanded use. For ex-
ample, expenditures for oxaliplatin, part of the FOLFOX regimen, grew 
by 72% in 2004.15

The literature contains limited studies on the costs of chemotherapy 
for CRC. A recent review by Meropol and Schulman16 provided costs of 
common regimens in the treatment of CRC for 6 months of treatment 
and noted the wide variation of costs among regimens. The present study 
expands on these findings by including the costs of regimens and sup-
portive agents on a per-cycle basis and use basis, respectively, as well as 
insight into the utilization of these regimens across the United States. 
Many recent studies have design limitations that restrict the generaliz-
ability of their findings. Investigations based on the average wholesale 
price of drugs, not the average sale price used by Medicare for reim-

bursement purposes, do not accurately 
represent the cost of treatment from a 
socioeconomic perspective.8,17 An es-
timate of the overall cost of treatment 
for CRC by Paramore et al18 did not 
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Objective: To evaluate the economic burden 
of colorectal cancer (CRC) treatment on the 
healthcare system as treatment costs have risen 
340-fold during the past 5 years.

Study Design: Nationwide registry.

Methods: Patients with CRC (N = 421) were 
selected from an observational prospective patient 
registry of US oncology clinics. The 8 most 
commonly prescribed regimens were identified. 
Standard dosing schedules were set for these 
regimens based on a literature review and expert 
CRC oncologist input. Each chemotherapeutic 
regimen was broken down into its component 
agents, and regimen costs were calculated by 
summing the costs of each agent per regimen. 
Price-per-milligram costs were calculated from 
Health Care Financing Administration Common 
Procedural Coding System codes for specific 
drugs. Patient population, temporal, and regional 
trends were studied among standard regimens.

Results: The most common regimens were 
5-fluorouracil–leucovorin calcium (5-FU/LV) (147 
patients [34.9%]), fluorouracil-leucovorin–irinote-
can hydrochloride (FOLFIRI) (111 patients [26.4%]), 
and fluorouracil-leucovorin-oxaliplatin (103 pa-
tients [24.5%]). The remaining 60 patients (14.3%) 
received irinotecan, capecitabine, and oxaliplatin; 
oxaliplatin; irinotecan in combination with oxalip-
latin; or a miscellaneous regimen. The largest cost 
differential for 6 cycles of planned treatment was 
$35,971 between FOLFIRI ($36,999) and 5-FU/LV 
($1028). On a per-week basis, treatment costs may 
differ by more than 91 times. Patient utilization of 
growth factors, ancillary medications, and mono-
clonal antibodies added significant costs.

Conclusions: The costs of CRC regimens varied 
considerably. Trends in treatment regimens have 
changed notably over time, with newer agents 
and supportive drugs adding substantially to 
treatment costs.
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categorize costs on a regimen-specific basis, for which there 
are likely to be significant variations. Costs of CRC treatment 
were also examined in several studies19-23 conducted outside 
the United States, where drug prices and healthcare systems 
are highly regulated. Last, several cost-effective analyses at-
tempted to compare the treatment costs for 2 or more specific 
options but failed to provide a comprehensive review of the 
costs for all contemporary treatment options.2,19-21,24

Few studies have included the costs of commonly used an-
cillary drugs, leading to a gross underestimation of treatment 
costs, as supportive agents (erythropoietin alfa, darbepoetin 
alfa, and pegfilgrastim) constitute the 3 largest drug expen-
ditures within clinics and 3 of the top 4 expenditures within 
hospitals.15 Supportive agents (eg, antiemetics and antidiar-
rheals) are especially important in the treatment of CRC. 
Krzyzanowska et al25 recently noted that patients with CRC 
were hospitalized because of treatment-related toxic effects 
more often than patients with any other tumor type. Further-
more, the use of ancillary agents not only improves patients’ 
quality of life but also may maximize treatment outcomes, as 
in the case of patients receiving full relative dose intensity 
(RDI) when treated with myeloid growth factors.26-31

Such rapidly increasing costs have raised ethical questions 
regarding whether such sums of money should be dedicated to 
treatments that may prolong life by several months but not 
offer any increased cure rate.7,8 This study was undertaken 
to demonstrate the variation in costs of CRC chemotherapy 
based on patterns observed among a contemporary cohort of 
US patients. This information will inform healthcare provid-
ers, policy makers, and third-party reimbursement services, 
allowing them to form evidence-based responses to the press-
ing socioeconomic issue of CRC care management. In addi-
tion, this analysis presents the utilization patterns for the most 
common CRC regimens.

MEtHoDS
Study Design

Data for this analysis were obtained from a prospective 
observational registry of patients with cancer initiating a 
chemotherapy regimen at 115 ambulatory centers across the 
United States. The patient registry was created to study the 
epidemiology of chemotherapy-induced toxic effects and 
their treatment. Treatment sites were randomly selected after 
being stratified by treatment volume and geographic region. 
Adult patients (>18 years) were enrolled at each site if they 
were initiating chemotherapy involving myelosuppressive 
agents and were expected by the enrolling oncologist to be 
able to complete at least 4 cycles of treatment. Excluded from 
the study were patients likely to experience a secondary cause 

of myelosuppression such as the following: patients receiv-
ing concurrent cytotoxic, biologic, or immunologic therapy 
for other noncancer conditions; patients having a diagnosis 
of conditions known to cause neutropenia; and patients hav-
ing a diagnosis of acute leukemia or myeloma. Patients were 
not eligible if they were pregnant or lactating, had an active 
infection requiring treatment, were concurrently participat-
ing in a blinded clinical trial, or had a history of stem cell 
transplantation. Information collected included patient de-
mographics, cancer stage, and chemotherapeutic and major 
supportive agents used in treatment. The study was approved 
by a central institutional review board, and all patients signed 
an informed consent.

A detailed case-report form was used to collect a com-
prehensive list of variables, including patient demograph-
ics, medical history, and clinical variables across 4 cycles of 
chemotherapy. On enrollment, patients were asked about any 
prior cancer care (surgery or chemotherapy) that could have 
affected their current treatment plan or their risk of chemo-
therapy toxic effects.

Data collection, study design, and interpretation were con-
ducted by the Awareness of Neutropenia in Chemotherapy 
study group. The study group received funding from Amgen 
Inc. The funding agency had no involvement in site selec-
tion, data collection, or interpretation of the data. The present 
CRC subanalysis was not funded.

Patients With CRC
Registry patients diagnosed as having CRC between 

March 2002 and March 2005 (N = 421) were selected for this 
secondary analysis. The 8 most commonly prescribed regi-
mens were identified within the patient population. Stan-
dard dosing schedules were set for these regimens based on 
a literature review and on expert CRC oncologist (AAK) 
input (Table 1). Patients were grouped according to myelo-
suppressive agents received, irrespective of dosage or cycle 
duration. For example, patients who received regimens con-
taining 5-FU, LV, and irinotecan were all categorized into the 
irinotecan, fluorouracil, and LV (IFL)/FOLFIRI group to allow 
the application of standard regimens and dosages across both 
groups. The delivery of 5-FU/LV was not classified in the data-
base as infusion or bolus dose; therefore, this regimen and the 
calculated doses reflect intravenous nonbolus delivery.

Chemotherapeutic Drug Costs
Each regimen was broken down into its component chemo-

therapy agents, and regimen costs were calculated by summing 
the cost of each drug in the regimen. because the registry did 
not contain drug cost data, the regimen cost calculations were 
taken from Medicare Part b average sale price–based payment 
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was then multiplied by the number of units in the published 
standard dosage and the mean patient weight.37 Except for the 
monoclonal antibody cetuximab, which was calculated using 
the standard bSA of 2.0 m2, all other commonly prescribed drug 
prices were calculated based on patient weight. Hematopoietic 
growth factor costs were based on the price expected per cycle 
utilization.38 Supportive drug prices were based on dosages for 
single events. The price for the use of both hematopoietic 
growth factors and other supportive drugs was excluded from 
the total per-cycle drug cost because many of these agents are 
only required on an individualized patient basis.

The RDIs were calculated for all major myelosuppressive 
agents involved in therapy as the ratio of actual dose received 
per unit of time to standard reference dose per unit of time 
expected for each drug and cycle. The overall regimen RDI 
represents the mean of the myelosuppressive drugs across all 
observed treatment cycles. The RDIs were then categorized 
as 85% or less (partial dose intensity) or as greater than 85% 
(full dose intensity). In some instances, a patient’s reported 
treatment regimen did not correspond to any published stan-
dard treatment. In these instances, the RDI could not be 
calculated.

RESULtS
Patient and Treatment Demographics

The mean age of the population was 63 years (age range, 
21-97 years), and the median age was 64 years. The 3 most 
common insurers among patients involved in the study were 

limit files available from the Centers for Medicare & Med-
icaid Services, effective January 2006.32 Price-per-milligram 
costs were calculated from individual Health Care Financ-
ing Administration Common Procedural Coding System 
(HCPCS) codes for specific drugs. The price per milligram 
for each major myelosuppressive agent in a regimen was then 
multiplied by the total dosage received per cycle, based on 
published standard treatments.9-11,33-36

The amount of drugs administered based on patient body 
surface area (bSA) was estimated using a patient bSA of 2.0 
m2, while doses determined by body weight were calculated 
based on a patient weighing 80 kg. Unit drug prices (eg, cost 
per milligram) were calculated by dividing the HCPCS total 
reimbursement by the respective billable package size. This 
price per basic unit was used to allow for a more precise calcu-
lation of drug costs per regimen. The price per basic unit was 
then multiplied by the amount of drug administered for each 
chemotherapeutic cycle based on the appropriate bSA or pa-
tient weight. The price per cycle was then multiplied by the 
mean number of cycles the patient was expected to receive 
according to registry data. Price estimates reflect the costs of 
the drug only; hospitalization and administration costs were 
not considered in the cost estimates. Lower total treatment 
costs could be expected with the use of oral medications.

Costs of Other Commonly Used Drugs
The price for other commonly prescribed drugs was calcu-

lated using the price per basic unit of drug, derived as already 
described for the chemotherapeutic agents. Price per unit 

n Table 1. Standard Dosages and Schedules for Myelosuppressive Agents 

Drug Dosage, mg/m2 (Doses Delivered per Cycle)a 
 
 
 
Regimen 

 
 
 

Leucovorin 
Calcium

 
 
 
 

Fluorouracil

 
 

Irinotecan 
Hydro-

chloride

 
 
 
 

Oxaliplatin

 
 
 
 

Capecitabine

 
 

Cycle 
Length, 

d

 
 

Planned 
Treatment 

Cycles

Estimated 
Cost of  

Regimen  
per Cycle 

(per wk), $

 
Estimated  

Total  
Myelosuppressive 

Drug Cost, $

5-FU/LV9 500 (6) 500 (6) — — — 56 6 171 (21) 1028

IFL/FoLFIRI10 20 (4) 500 (4) 125 (4) — — 42 6 6338 (1056) 38,027

FoLFoX11 200 (2) 400  
Intravenous 

bolus (2), 
600 (2)

— 85 (1) — 14 6 2931 (1465) 17,584

Irinotecan34 — — 125 (4) — — 42 4 6322 (1054) 25,287

CapeoX33 — — — 130 (1) 2000 oral 
(14)

21 6 5791 (1930) 34,744

oxaliplatin35 — — — 85 (1) — 14 4 2898 (1449) 11,593

Irinotecan in 
combination with 
oxaliplatin32

— — 200 (1) 85 (1) — 21 5 5427 (1809) 27,134

5-FU/LV indicates 5-fluorouracil/leucovorin; IFL/FoLFIRI, fluorouracil/leucovorin/irinotecan; FoLFoX, fluorouracil/leucovorin/oxaliplatin; CapeoX, 
capecitabine/oxaliplatin. 
aDoses are by intravenous infusion unless otherwise indicated. 

Drug Dosage, mg/m2 (Doses Delivered per Cycle)a
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third parties (223 patients [53.0%]), followed by Medicare 
(152 patients [36.1%]) and health maintenance organizations 
(29 patients [6.9%]). Patients from the southern region of the 
United States comprised the largest group of the study (172 
patients [40.9%]), followed by the central United States (143 
patients [34.0%]), Northeast (66 patients [15.7%]), and West 

(40 patients [9.5%]). Almost half of the 
patients (209 patients [49.6%]) were 
diagnosed as having stage I to stage III 
disease, and 282 patients (67.0%) were 
chemotherapy naive. The character-
istics of the 421 patients are given in 
Table 2.

The most common regimens were 
5-FU/LV (147 patients [34.9%]), IFL/
FOLFIRI (111 patients [26.4%]), and 
FOLFOX (103 patients [24.5%]). The 
remaining 60 patients (14.3%) received 
irinotecan, capecitabine, and oxalip-
latin (CapeOX); oxaliplatin, irinote-
can in combination with oxaliplatin 
(IROX); or a miscellaneous regimen 
(Figure 1).32-34 These latter 4 small 
groups were collapsed into the category 
“other” for statistical analyses to ensure 
adequate sample sizes at each stratum. 
Of the patients receiving 5-FU/LV, 130 
patients (88.4%) had no previous che-
motherapy, and 87 patients (59.2%) 
were diagnosed as having early (stages 
I-III) disease. It was notable that 6 
patients with stage I disease were re-
ceiving chemotherapy, including 3 pa-
tients receiving FOLFIRI, 2 receiving 
FOLFOX, and 1 receiving an uncat-
egorized regimen. Among all patients 
receiving FOLFOX, 51.5% had no pre-
vious chemotherapy, and 74.8% were 
diagnosed as having advanced (stage 
IV) disease. Of 210 patients diagnosed 
as having late-stage disease, 169 pa-
tients (80.5%) were administered 
oxaliplatin- or irinotecan-containing 
regimens.

Regimen Utilization Trends
Throughout all geographical re-

gions, FOLFOX, 5-FU/LV, and IFL/
FOLFIRI were the most commonly 
used regimens, except for somewhat 

higher use (29.7%) of FOLFOX in the South and markedly 
lower representation (2.5%) of FOLFOX in the West. Regi-
men proportions changed over time as new effective agents 
were approved and incorporated into practice (Figure 2). 
The most notable change was the increased use of FOLFOX, 
which started with a baseline of 0.0% utilization in March 

n Table 2. Demographics Among 421 Patients

No. (%)

Demographic Male (n = 233) Female (n = 188)

Age, y

  21-54 47 (20.2) 54 (28.7)

  55-64 68 (29.2) 45 (23.9)

  65-97 118 (50.6) 89 (47.3)

  Subtotal (% of total) 233 (55.3) 188 (44.7)

Race/ethnicity (n = 419)

  White 353 (84.2)

  Black 49 (11.7)

  Asian 5 (1.2)

  Hispanic 9 (2.1)

  Native American 2 (0.5)

  other 1 (0.2)

Geographic region

  Northeast 66 (15.7)

  Central 143 (34.0)

  West 40 (9.5)

  South 172 (40.9)

Tumor stage (n = 419)

  I 6 (1.4)

  II 72 (17.2)

  III 131 (31.3)

  IV 210 (50.1)

Insurance

  third party 223 (53.0)

  Health maintenance organization 29 (6.9)

  Medicare 152 (36.1)

  Medicaid 3 (0.7)

  Military or other 9 (2.1)

  Self or no report 5 (1.2)

History of chemotherapy

  Yes 139 (33.0)

  No 282 (67.0)

History of recent surgery within 1 mo of 
the study (n = 420)

  Yes 129 (30.7)

  No 291 (69.3)
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2002 and rose to 61.1% of patients only 3 
years later. Conversely, the use of 5-FU/LV 
decreased from 50.0% to 16.7% during the 
same period.

Regimen Costs
Regimen costs varied widely, and those 

containing oxaliplatin, irinotecan, and 
capecitabine were the most expensive. The 
largest cost differential was $36,999, based 
on comparing $38,027 ($6338 per cycle) 
for IFL/FOLFIRI with an estimated $1028 
($171 per cycle) for 5-FU/LV, assuming the 
completion of a 6-cycle course of chemo-
therapy (Table 1). The most widely used reg-
imen, FOLFOX, was estimated to cost $2931 
per cycle. Patients with late-stage disease 
tended to receive the more costly treatment 
regimens; just over 80.4% received regimens 
containing oxaliplatin or irinotecan. The 
median number of planned treatment cycles 
was determined for the patient population and was 
applied to per-cycle prices to derive the total price 
per regimen. After excluding 5-FU/LV because of its 
predominant role in early-stage disease, the treat-
ment cost for late-stage disease varied by as much as 
$26,434 between IFL/FOLFIRI and oxaliplatin and 
was at least 10 times the cost of 5-FU/LV. Treatment 
costs increased with the stage of disease because of 
adjuvant treatment agents and the increased use of 
ancillary agents (Figure 3).

Ancillary Drugs
Table 3 gives the costs of commonly prescribed 

drugs associated with CRC. Hematopoietic growth 
factors were frequently administered in conjunction 
with several of the myelosuppressive chemothera-
peutic agents. Their use varied dramatically among 
regimens (Figure 3). Patients treated with FOLFOX 
showed the greatest growth factor utilization, with 
22.3% of patients receiving darbepoetin alfa and 
18.4% receiving erythropoietin alfa. Patients receiving 
FOLFOX also showed the greatest use of granulocyte colony-
stimulating factors (G-CSFs), with 11.7% of patients receiv-
ing pegfilgrastim and 15.5% of patients receiving filgrastim. 
Patients who received 5-FU/LV tended to utilize growth fac-
tors less during the study.

The G-CSFs increased treatment costs by $1862 for a 
treatment cycle of filgrastim or by $2093 for a treatment 
cycle of pegfilgrastim (Table 3). Erythropoiesis-stimulating 

glycoproteins, namely, erythropoietin alfa and darbepoet-
in alfa, added weekly costs of $361 and $299, respectively. 
Although utilization was not calculated for oprelvekin, the 
cost per 2-week cycle was estimated to be $2768. Patients 
may have received growth factors at any time during their 
observed 4 cycles of treatment and may have been admin-
istered growth factors more than once during treatment.

Despite the high costs associated with G-CSFs, they 
may have an important role in compliance with planned 

n Figure 1. Distribution of Common Colorectal Cancer Treatment 
Regimens Among 421 Patients

n Figure 2. Time Trend of Patients Receiving the 3 Most 
Common Colorectal Cancer Treatment Regimens

5-FU/LV indicates 5-fluorouracil/leucovorin; IFL/FoLFIRI, fluorouracil/leucovorin/irinotecan; 
FoLFoX, fluorouracil/leucovorin/oxaliplatin; CapeoX, capecitabine/oxaliplatin; IRoX, 
irinotecan/oxaliplatin.

IFL/FoLFIRI indicates fluorouracil/leucovorin/irinotecan; 5-FU/LV, 5-fluorouracil/
leucovorin; FoLFoX, fluorouracil/leucovorin/oxaliplatin.
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courses of chemotherapy.38,39 In a univari-
ate analysis, results showed that the overall 
number of chemotherapy cycles completed 
was statistically higher for patients who 
received G-CSFs (P <.05).40 Patients who 
did not receive G-CSFs completed a mean 
of 3.19 cycles of chemotherapy compared 
with 3.53 cycles among patients who were 
administered 1 or more cycles of G-CSFs.

The RDI also varied across treatment regi-
mens. The RDI values for 377 patients were 
recorded and calculated for each regimen 
throughout the 4 cycles of chemotherapy. 
Patients receiving 5-FU/LV showed a statisti-
cally significantly higher RDI than patients re-
ceiving all other regimens (P <.001). Among 
patients receiving 5-FU/LV, 76.1% of patients 
received full dose intensity (RDI, >85%). 
Patients receiving other regimens had much 
lower rates of receiving full dose intensity.

In addition to growth factor use, other 
supportive care agents were frequently uti-
lized and added substantial costs to the over-
all treatment (Table 3). Antiemetic cost 
estimates were based on the standard dose 

n Figure 3. Utilization of Growth Factors Among Common Colorectal 
Cancer Treatment Regimens

5-FU/LV indicates 5-fluorouracil/leucovorin; IFL/FoLFIRI, fluorouracil/leucovorin/irinotecan; 
FoLFoX, fluorouracil/leucovorin/oxaliplatin.

n Table 3. Estimated Costs of Commonly Prescribed Drugs

Oral Injection

Drug Dosage Cost, $ Dosage Cost, $

Hematopoietic Growth Factors

  Filgrastim — — 5 μg/kg (8 d)  1862

  Pegfilgrastim — — 6 mg/cycle  2093

  Erythropoietin alfa — — 40,000 U/wk  361

  Darbepoetin alfa — — 100 μg/wk  299

  oprelvekin — — 50 μg/kg (2 wk)  2768

Antiemetics Per-Episode Cost

  Aprepitant 125 mg (d 1),  
80 mg (d 2-3)

264 — —

  Palonosetron hydrochloride — — 0.25 mg  180

  Dolasetron mesylate 100 mg  48 1.8 mg/kg  92

  ondansetron hydrochloride 24 mg  101 32 mg  119

  Granisetron hydrochloride 2 mg   74 10 μg/kg  56

Monoclonal Antibodies

  Bevacizumab — — 5 mg/kg (2 wk) 2279 (For 14 d of 
treatment)

  Cetuximab — — 400 mg/m2 (wk 1),  
250 mg/m2 (wk 2-3)

6482 (For 14 d of 
treatment)
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recommended to be administered for a single episode of che-
motherapy-induced nausea and vomiting.37 Among the oral 
antiemetics, single-event costs ranged from $74 for granis-
etron hydrochloride to $264 for aprepitant.

because of the time frame captured by the registry, mono-
clonal antibodies were not yet frequently utilized. Among all 
stages of disease, 23 patients (5.5%) reported the use of beva-
cizumab, and 5 patients (1.2%) reported the use of cetuximab. 
However, because these agents are now considered standard 
treatment, their cost was estimated from recommended 
treatment standards (Table 3). A 2-week treatment cycle of 
bevacizumab may cost an estimated $2279, while patients re-
ceiving cetuximab may expect costs for an initial first-week 
loading dose and subsequent weekly doses to be $6482.

DISCUSSIoN
based on the prospective patient registry, many impor-

tant patterns of chemotherapy choices and short-term out-
comes can be observed. Patients with advanced CRC (stage 
IV) were treated with a greater range of regimens than pa-
tients with early-stage disease. Among the patients receiving 
5-FU/LV, 84.9% of patients had stage I to stage III disease, 
while patients with stage IV disease were typically prescribed 
more expensive regimens containing oxaliplatin and irinote-
can. Similarly, patients with a history of chemotherapy were 
more likely to be treated with regimens containing oxali-
platin or irinotecan. Patients receiving a regimen of 5-FU/
LV achieved a significantly higher rate (76.1%) of full dose 
intensity (RDI >85%), despite having the lowest growth fac-
tor utilization.

building on the patterns of care, the cost of treatment 
also showed significant variation on a per-cycle basis and for 
the complete treatment phase. Factors that affected the price 
of a specific treatment cycle included the specific drug used, 
the amount of drug administered, the number of times the 
drug was administered per regimen, and the patient’s physi-
cal characteristics. On a per-cycle basis, the maximum dif-
ference in costs exceeded $6000 between the 5-FU/LV and 
IFL/FOLFIRI regimens. To allow for the comparison of cycles 
that differ in length, the per-week cost also showed a cor-
responding cost differential. On a per-week basis, the largest 
difference in costs occurred between CapeOX ($1930) and 
5-FU/LV ($21), representing more than a 91-fold difference. 
As might be expected, the total treatment costs dramatically 
increased as a function of the number of cycles typically pre-
scribed, and the difference in total treatment costs varies by 
more than $36,000 between IFL/FOLFIRI and 5-FU/LV.

The use of ancillary and supportive agents in treatment 
cannot simply be considered an additive cost of care. Al-

though expensive, G-CSFs help prevent dose reductions and 
improve delivery of full dose intensity, which is associated 
with improved survival rates for some cancers.26,29,31 Further-
more, drugs such as antiemetics have an important role in 
increasing quality of life in patients receiving highly emeto-
genic agents.41

Although this study was not a classic cost-effectiveness 
analysis, the objective of the study was to show that there is 
a notable difference in costs of contemporary CRC regimens 
in the United States without a commensurate improvement 
in survival times.8 As new, more effective treatment regimens 
begin to incorporate new drugs such as the monoclonal an-
tibodies, the costs of treatment can be expected to continue 
escalating. However, although the use of monoclonal anti-
bodies will increase costs significantly, the improvement in 
survival must also be considered.8,12-14

There are several limitations to this research that should 
be acknowledged. Primarily, the data used for this post hoc 
analysis stem from a prospective observational study of am-
bulatory chemotherapy regimens for multiple tumor types 
across the United States. The data were not designed or 
powered to provide an outcomes analysis for CRC treatment. 
Therefore, a cost-per-life-saved analysis could not be calcu-
lated because the primary study design was not intended to 
follow up patients for more than 4 cycles of chemotherapy. 
Likewise, costs associated with placement, care, and compli-
cations associated with intravenous catheters used were not 
estimated but would further increase management costs in 
patients receiving intravenous chemotherapy infusions. The 
results presented herein suggest the value of a future case-
control study designed to evaluate the outcomes resulting 
from specific colorectal treatment regimens.

Although our reported differences in total treatment costs 
are based on completion of 6 cycles, patients actually com-
pleted a mean of 2.9 cycles of treatment in the dataset. Also, 
the estimated treatment costs included only drug costs and 
did not include the resources related to dispensing, admin-
istration, and professional fees. Moreover, it is expected that 
the drug component will be the most significant cost driver 
for most of the treatment regimens. Costs were estimated 
based on current Medicare reimbursement limits and do not 
reflect any discounted or special contracted prices for drug 
acquisition. Using the national standard prices represents a 
maximum upper limit and is appropriate for considering costs 
from a societal perspective.32

The total cost estimates reflect, at best, a cost during the 
most acute phase of CRC, namely, the treatment phase. 
Costs of care beyond this phase are not addressed by this re-
search and have been shown to be considerable.18 Further-
more, the trends in the use of the newest agents and latest 
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advances in CRC chemotherapy treatment are not reflected 
in the registry. Perhaps the most significant limitation is the 
lack of longer-term patient outcomes, which would allow for 
the real-time calculation of cost per survival time. Although 
survival times could have been approximated using published 
estimates, there are many intervening variables that would 
make this method inaccurate. Following up the patients 
through the entire course of their disease and collecting costs 
in a closed healthcare system would be the only way to arrive 
at meaningful cost-effectiveness ratios.

CoNCLUSIoNS
As CRC treatment advances continue, it will be impera-

tive to have contemporary and comprehensive estimates of 
the costs of treatment options. Sound estimates of costs are 
a necessary first step toward the evaluation of costs per ad-
ditional gains in survival or quality of life. It is imperative 
to develop objective measures of cost-effectiveness to support 
patients, clinicians, and policymakers in their quest for a ra-
tional allocation of limited healthcare delivery resources.

This study revealed significant differences in the use of 
contemporary CRC regimens, including notable trends over 
time. The cost of CRC regimens varied considerably, with 
newer agents and supportive drugs adding substantially to 
treatment costs, particularly in late-stage disease. based on 
completing a 6-cycle course of chemotherapy, the total cost 
of chemotherapy may differ by as much as $36,999 per patient 
depending on the regimen. The use of new targeted therapies 
significantly adds to this cost disparity, but their role in opti-
mal care must be considered.

Acknowledgment
We thank Allison Krug, MPH, for her editorial help.
Author Affiliations: College of Pharmacy (SAF, bSM, LEC, SLS), Union 

University, Albany, NY; James P. Wilmot Cancer Center and Department of 
Medicine (DAW, MSP, EC, LEC, AAK), University of Rochester, Rochester, 
NY; and Duke Comprehensive Cancer Center (GHL), Duke University Medi-
cal Center, Durham, NC.

Funding Source: This study was conducted by the Awareness of Neutrope-
nia in Chemotherapy study group, which received funding from Amgen Inc. 

Author Disclosure: Dr Khorana reports having served as a consultant for 
sanofi-aventis and Amgen and having been a member of the speakers’ bu-

reaus for Roche and Genentech. Dr Lyman re-
ports serving as a consultant and having been a 
member of the speaker’s bureau for Amgen, as 
well as receiving research grant support from 
Amgen and GlaxoSmithKline. Dr Scarpace 
reports having been a member of the speaker’s 
bureau for Pfizer. The other authors (SAF, bSM, 
DAW, MSP, EC, LEC) report no relationship or 
financial interest with any entity that would pose 
a conflict of interest with the subject matter of 
this article. 

This study was presented in part at the 42nd 
Annual Meeting of the American Society of 
Clinical Oncology; June 2-6, 2006; Atlanta, GA.

Authorship Information: Concept and design (DAW, MSP, LEC, SLS, 
AAK, GHL); acquisition of data (SAF, DAW, MSP, EC, AAK, GHL); analysis 
and interpretation of data (SAF, bSM, DAW, MSP, EC, LEC, AAK, GHL); 
drafting of the manuscript (SAF, bSM, LEC, AAK, GHL); critical revision of 
the manuscript for important intellectual content (bSM, DAW, MSP, LEC, 
SLS, AAK, GHL); statistical analysis (DAW, MSP, EC, LEC, GHL); provi-
sion of study materials or patients (DAW, MSP); obtaining funding (GHL); 
administrative, technical, or logistic support (DAW, MSP, LEC, SLS); and 
supervision (DAW, MSP, LEC, SLS, GHL).

Address correspondence to: Gary H. Lyman, MD, MPH, FRCP(Edin), 
Duke Comprehensive Cancer Center, Duke University Medical Center, 2424 
Erwin Rd, Ste 205, Durham, NC 27705. E-mail: gary.lyman@duke.edu.

REFERENCES
1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2006. CA Cancer J 
Clin. 2006;56(2):106-130.

2. Starling N, Tilden D, White J, Cunningham D. Cost-effectiveness 
analysis of cetuximab/irinotecan vs active/best supportive care for 
the treatment of metastatic colorectal cancer patients who have failed 
previous chemotherapy treatment. Br J Cancer. 2007;96(2):206-212.

3. Thorpe KE. The rise in health care spending and what to do about it. 
Health Aff (Millwood). 2005;24(6):1436-1445.

4. Smith RE, Renaud RC, Hoffman E. Colorectal cancer market. Nat Rev 
Drug Discov. 2004;3(6):471-472.

5. Jansman FG, Postma MJ. Costs of chemotherapy in the treatment of 
colorectal cancer. Eur J Health Econ. 2006;7(2):137-144.

6. Costa NM. The morality price to prolong median survival beyond 
21 months in metastatic colorectal cancer patients. Future Oncol. 
2005;1(4):443-444.

7. Vanchieri C. When will the U.S. flinch at cancer drug prices? J Natl 
Cancer Inst. 2005;97(9):624-626.

8. Schrag D. The price tag on progress: chemotherapy for colorectal 
cancer. N Engl J Med. 2004;351(4):317-319.

9. Wolmark N, Rockette H, Fisher B, et al. The benefit of leucovorin-
modulated fluorouracil as postoperative adjuvant therapy for primary 
colon cancer: results from National Surgical Adjuvant Breast and 
Bowel Project protocol C-03. J Clin Oncol. 1993;11(10):1879-1887.

10. Saltz LB, Cox JV, Blanke C, et al; Irinotecan Study Group. Irinotecan 
plus fluorouracil and leucovorin for metastatic colorectal cancer.  
N Engl J Med. 2000;343(13):905-914.

11. de Gramont A, Figer A, Seymour M, et al. Leucovorin and fluoro-
uracil with or without oxaliplatin as first-line treatment in advanced 
colorectal cancer. J Clin Oncol. 2000;18(16):2938-2947.

12. Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy 
and cetuximab plus irinotecan in irinotecan-refractory metastatic 
colorectal cancer. N Engl J Med. 2004;351(4):337-345.

13. Kabbinavar FF, Schulz J, McCleod M, et al. Addition of bevaci-
zumab to bolus fluorouracil and leucovorin in first-line metastatic 
colorectal cancer: results of a randomized phase II trial. J Clin Oncol. 
2005;23(16):3697-3705.

14. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus iri-
notecan, fluorouracil, and leucovorin for metastatic colorectal cancer. 
N Engl J Med. 2004;350(23):2335-2342.

15. Hoffman JM, Shah ND, Vermeulen LC, et al. Projecting future drug 
expenditures: 2006. Am J Health Syst Pharm. 2006;63(2):123-138.

Take-away Points
The development of new agents and regimens for the treatment of colorectal cancer has 
placed a serious economic burden on the healthcare system as treatment costs have risen 
340-fold compared with traditional regimens during the past 5 years.

n This nationwide study of oncology practices demonstrated a large variation in the use of 
modern chemotherapy regimens for colorectal cancer, resulting in dramatic differences in 
costs.

n Based on completing a full course of chemotherapy, the total cost of chemotherapy may 
differ by as much as $36,999 per patient depending on the regimen.



VOL. 14, NO. 11 n THE AMERICAN JOURNAL OF MANAGED CARE n	 725

Variation in the cost of Medications for the Treatment of colorectal cancer

16. Meropol NJ, Schulman KA. Cost of cancer care: issues and impli-
cations. J Clin Oncol. 2007;25(2):180-186.
17. Viale PH, Fung A, Zitella L. Advanced colorectal cancer: current 
treatment and nursing management with economic considerations. 
Clin J Oncol Nurs. 2005;9(5):541-552.
18. Paramore LC, Thomas SK, Knopf KB, et al. Estimating costs of care 
for patients with newly diagnosed metastatic colorectal cancer. Clin 
Colorectal Cancer. 2006;6(1):52-58.
19. van den Hout WB, van den Brink M, Stiggelbout AM, et al. Cost-
effectiveness analysis of colorectal cancer treatments. Eur J Cancer. 
2002;38(7):953-963.
20. Jansman FG, Postma MJ, van Hartskamp D, et al. Cost-benefit 
analysis of capecitabine versus 5-fluorouracil/leucovorin in the 
treatment of colorectal cancer in the Netherlands. Clin Ther. 
2004;26(4):579-589.
21. Cunningham D, Falk S, Jackson D. Clinical and economic benefits 
of irinotecan in combination with 5-fluorouracil and folinic acid 
as first line treatment of metastatic colorectal cancer. Br J Cancer. 
2002;86(11):1677-1683.
22. Hale JP, Cohen DR, Maughan TS, et al. Costs and consequences of 
different chemotherapy regimens in metastatic colorectal cancer. Br J 
Cancer. 2002;86(11):1684-1690.
23. Jansman FG, Postma MJ, Brouwers JR. Cost considerations 
in the treatment of colorectal cancer. Pharmacoeconomics. 
2007;25(7):537-562.
24. Hillner BE, Schrag D, Sargent DJ, et al. Cost-effectiveness projec-
tions of oxaliplatin and infusional fluorouracil versus irinotecan and 
bolus fluorouracil in first-line therapy for metastatic colorectal carci-
noma. Cancer. 2005;104(9):1871-1884.
25. Krzyzanowska MK, Treacy J, Maloney B, Lavino A, Jacobson JO. 
Development of a patient registry to evaluate hospital admissions re-
lated to chemotherapy toxicity in a community cancer center. J Oncol 
Pract. 2005;1(1):15-19.
26. Smith RE. Trends in recommendations for myelosuppressive 
chemotherapy for the treatment of solid tumors. J Natl Compr Canc 
Netw. 2006;4(7):649-658.
27. Lyman GH, Dale DC, Friedberg J, et al. Incidence and predictors of 
low chemotherapy dose-intensity in aggressive non-Hodgkin’s lym-
phoma: a nationwide study. J Clin Oncol. 2004;22(21):4302-4311.
28. Lyman GH, Dale DC, Crawford J. Incidence and predictors of low 
dose-intensity in adjuvant breast cancer chemotherapy: a nationwide 
study of community practices. J Clin Oncol. 2003;21(24):4524-4531.
29. Budman DR, Berry DA, Cirrincione CT, et al; Cancer and Leukemia 

Group B. Dose and dose intensity as determinants of outcome 
in the adjuvant treatment of breast cancer. J Natl Cancer Inst. 
1998;90(16):1205-1211.
30. Citron ML, Berry DA, Cirrincione C, et al. Randomized trial of 
dose-dense versus conventionally scheduled and sequential versus 
concurrent combination chemotherapy as postoperative adjuvant 
treatment of node-positive primary breast cancer: first report of Inter-
group Trial C9741/Cancer and Leukemia Group B Trial 9741 [published 
correction appears in J Clin Oncol. 2003;21(11):2226]. J Clin Oncol. 
2003;21(8):1431-1439.
31. Hryniuk W, Figueredo A, Goodyear M. Applications of dose inten-
sity to problems in chemotherapy of breast and colorectal cancer. 
Semin Oncol. 1987;14(4 suppl 4):3-11.
32. Centers for Medicare & Medicaid Services Web site. July 2006 
quarterly average sales price (ASP) Medicare Part B drug pricing file, 
effective July 1, 2006, and revisions to January 2006 and April 2006 
quarterly ASP Medicare Part B drug pricing files. Baltimore, MD: Dept 
of Health and Human Services; 2006. http://www.cms.hhs.gov/MLN 
MattersArticles/downloads/MM5110.pdf. Accessed August 7, 2008.
33. Goldberg RM, Sargent DJ, Morton RF, et al. A randomized con-
trolled trial of fluorouracil plus leucovorin, irinotecan, and oxaliplatin 
combinations in patients with previously untreated metastatic  
colorectal cancer. J Clin Oncol. 2004;22(1):23-30.
34. Cassidy J, Tabernero J, Twelves C, et al. XELOX (capecitabine plus 
oxaliplatin): active first-line therapy for patients with metastatic colo-
rectal cancer. J Clin Oncol. 2004;22(11):2084-2091.
35. Pitot HC, Wender DB, O’Connell MJ, et al. Phase II trial of irino-
tecan in patients with metastatic colorectal carcinoma. J Clin Oncol. 
1997;15(8):2910-2919.
36. Chu E, DeVita V. Physicians’ Cancer Chemotherapy Drug Manual 
2003. Sudbury, MA: Jones & Bartlett; 2003.
37. Thomson Healthcare. DrugPoints System: Micromedex Healthcare 
Series [Internet database]. Greenwood Village, CO: Thomson Health-
care; 2006.
38. Lyman GH. Risks and consequences of chemotherapy-induced 
neutropenia. Clin Cornerstone. 2006;8(suppl 5):S12-S18.
39. Lyman GH. Chemotherapy dose intensity and quality cancer care. 
Oncology (Williston Park). 2006;20(14 suppl 9):16-25.
40. Lyman GH, Lyman CH, Agboola O. Risk models for predicting 
chemotherapy-induced neutropenia. Oncologist. 2005;10(6):427-437.
41. National Comprehensive Cancer Network. Clinical Practice Guide-
lines in Oncology: Antiemesis. Version 2. Jenkintown, PA: National 
Comprehensive Cancer Network; 2006. n


