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C olorectal cancer (CRC) is the third most frequently diagnosed 
cancer and the second leading cause of death as a result of 
cancer in the United States.1 In 2009, an estimated 147,000 

individuals were diagnosed with CRC, and approximately 50,000 died 
as a result of this condition. However, there have been significant ad-
vances in CRC treatment over the past decade. We measured the finan-
cial consequences of these innovations. 

CRC is usually treated with multiagent regimens. The underlying prin-
ciple of the combination chemotherapy regimen is that drugs can func-
tion through separate mechanisms and may have superior efficacy and 
effectiveness when administered jointly.2 Until recently, 3 regimens domi-
nated the CRC first-line treatment market: fluorouracil (FU), available 
since the 1960s,3 which has been routinely administered with leuco vorin 
(FU/LV) since the early 1990s4 or with irinotecan (IFL or FOLFIRI). The 
US Food and Drug administration (FDa) approved 5 new CRC treat-
ments between 1999 and 2004. The most popular regimen combines FU/
LV with oxaliplatin (FOLFOX). Use of these drug combinations in meta-
static CRC has been found to improve survival.5 

The FDa also approved new biologic CRC treatments in 2004. These 
new biologic agents—bevacizumab, cetuximab, and panitumumab—are 
often referred to as monoclonal antibodies. In effect, these antibodies fa-
cilitate immune responses to rapidly proliferating cancer cells. The first 
agent to be introduced was bevacizumab, which works against the vascular 
endothelial growth factor and is often used in combination with FOLFOX 
or FOLFIRI. Cetuximab and panitumumab inhibit the epidermal growth 
factor receptor, and cetuximab has been tested and used in combination 
with FOLFIRI. more recent evidence suggests that cetuximab and pani-
tumumab are only effective in patients who have tumors with a KRAS 
mutation.6,7 Table 1 lists common first-line CRC treatment regimens as 
well as the drugs that make up each regimen and their approval dates. 

although these advances have been welcomed by the oncology commu-
nity, there has been significant concern about the cost of these treatments.8-10 
an early editorial after the approval of new CRC treatments showed that 
the cost of an 8-week course using the mayo regimen (ie, monthly adminis-
tration of 5 consecutive days of FU/LV) was $63.11 This increased to $11,889 
with FOLFOX, $21,033 with FOLF-
OX plus bevacizumab, and $30,675 
with FOLFIRI plus cetuximab. 
Howard et al12 recently measured 
changes in CRC survival and cost 
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Objective: To compare medical expenditures of 
patients receiving old and new colorectal cancer 
(CRC) regimens. 

Study Design: Using claims data, we identified 2 
cohorts of privately insured patients diagnosed 
with CRC: first, those diagnosed before new 
treatment introduction (January 1, 2002, to De-
cember 31, 2002), and second, those diagnosed 
after new treatment introduction (June 1, 2004, 
to May 31, 2005). CRC diagnosis was identified 
using International Classification of Diseases-9 
codes 153.xx, 154.xx, and 159.0. First- and 
second-line chemotherapy regimens were identi-
fied. Treatments and expenditures were then 
observed for up to 2 years after initial diagnosis. 

Methods: We estimated multivariate models to 
measure changes in cost with changes in treat-
ment regimen. Approval dates of new regimens 
were used as natural experiments. 

Results: New regimens, such as fluorouracil, 
leucovorin, and oxaliplatin (FOLFOX), have 
rapidly replaced the most prevalent preperiod 
product (ie, fluorouracil/leucovorin). Changes in 
treatment have caused large increases in total 
expenditure, primarily through increases in  
chemotherapy prices. FOLFOX alone has 
increased total average cost by 14%. New treat-
ments have not substituted for other medical 
services; rather, they have indirectly raised costs 
through nonstandard regimen use and increases 
in second-line treatment use. We found no 
evidence that expenditure effects were driven by 
changes in follow-up duration. 

Conclusion: New CRC treatments have increased 
both regimen choice and expenditures. New 
regimens have primarily increased expenditures 
through direct treatment costs; we observed no 
offsetting expenditure reductions.
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during 2002 to 2005. The authors found that sur-
vival increased by 1.4 months, whereas total cost 
increased by $4600 among patients with CRC 
in the medicare population. Larger increases in 
survival and spending were observed during the 
period of 1995 to 2002. 

We build on the existing literature by mea-
suring the direct and indirect expenditure ef-
fects of new CRC treatment regimens for a 
privately insured population. Following How-
ard et al,12 we used approval dates as a natural 
experiment to measure the financial consequences of new 
CRC treatment regimens. These new regimens are associated 
with substantial increases in total treatment cost. We used a 
combination of empirical models to decompose this overall 
change. New regimens generate substantial increases in the 
direct cost of first-line treatments. We considered 3 poten-
tial indirect effects: changes in nonchemotherapy treatment 
costs, use of nonstandard regimens, and changes in the cost of 
incumbent products. Nonstandard regimens were defined as a 
mix of drugs that included typical drugs used in a regimen (eg, 
FU/LV) as well as other drugs that were not standard in the 
regimen (eg, FU/LV + capecitabine). Often, additional treat-
ment for nonstandard regimens was initiated weeks to months 
after the start of the initial treatment regimen. We found no 
evidence that new regimens change nonchemotherapy medi-
cal costs. We did observe small decreases in the cost of older 
regimens. The rate of nonstandard regimen use increased after 
the introduction of new treatments; physicians supplemented 
existing regimens with new products, thus increasing costs. 
Finally, we considered issues of treatment duration and ob-
served follow-up periods to test and correct for both selec-
tion bias and the potential for effective treatments to increase 
long-run costs through improved survival. 

MetHoDS 
Data 

We assembled an extensive data set of de-identified phar-
macy and medical claims from the ImS Health LifeLink 
Health Plan Claims Database, provided by ImS Health. The 
database covers more than 55 million lives and 80 health 
plans. Data include all claims and encounters, including 
prescription drugs, inpatient services, outpatient office vis-
its, ambulatory services (such as testing, imaging, and che-
motherapy administration), emergency department visits, 
and home health services. Expenditures reflect total annual 
payments made by each enrollee (copayments, deductibles, 
excluded expenses) and by all third-party payers (primary and 
secondary coverage, net of negotiated discounts). 

Study Sample 
We created 2 distinct cohorts of patients with CRC aged 

18 to 64 years: one cohort of those diagnosed before new 
treatment availability (January 1, 2002, to December 31, 
2002) and the other of those diagnosed after new treatment 
availability (June 1, 2004, to may 31, 2005). We identified 
CRC diagnoses on the basis of the existence of claims with 
the International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) for malignant neoplasm of 
colon, rectum, rectosigmoid junction, anus, or intestinal tract 
(codes 153.xx, 154.xx, and 159.0). all eligible patients had 1 
year of no CRC-related claims preceding their diagnosis. 

We identified 12,881 unique patients in the preperiod and 
15,416 in the postperiod who had at least 1 claim with the 
above ICD-9-CM codes. To eliminate any false positives, we 
also required colorectal claims on 5 or more separate dates 
within 6 months of the index diagnosis, similar to methods 
used by Ramsey et al.13 The resulting sample included 5597 
patients in the preperiod and 6309 in the postperiod. We also 
required each patient to have received CRC chemotherapy 
within 6 months of initial diagnosis. Our final analytic data set 
included 2644 unique patients (10 months average observed 
follow-up) in the preperiod cohort and 3213 (10.3 months av-
erage follow-up) in the postperiod cohort. We ascertained that 
no preperiod cohort patients were included in postperiod data. 

all costs were inflated to 2007 US dollars. Costs were esti-
mated by service type, including inpatient, outpatient, emer-
gency department, laboratory, imaging, and chemotherapy. We 
also estimated cost across several time dimensions: first, ob-
served cost with up to 1 year of follow-up; second, annualized 
cost, which is 365 times the ratio of observed cost divided by 
days of observation; and third, cost during first-line treatment 
period. Resections were identified using Current Procedural Ter-
minology-4 procedure codes (44140 to 44160, 44204 to 44212, 
and 45110 to 45119). Resource utilization was based on claims 
and included use and costs incurred after initial CRC diagnosis. 

CRC Chemotherapy Regimens 
We identified CRC chemotherapy drugs using J-codes in 

Take-Away Points
New oncology drugs have rapidly affected both the treatment and the cost of 
colorectal cancer (CRC). Although new regimens offer the hope of increased sur-
vival, they come at a high cost. 

n	 New regimens such as FOLFOX largely substituted for FU/LV and IFL/FOLFIRI. 

n	 New regimens have substantially increased the cost of CRC treatment. 

n	 Increases in FOLFOX-related costs alone account for approximately 14% of to-
tal average cost per patient. 

n	 New treatments have not been substitutes for other medical services; rather, 
they have increased the cost of existing regimens through nonstandard regimen 
use.
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the claims. We used combinations of chemotherapy drugs to 
define chemotherapy regimen based on first chemotherapy 
treatment after diagnosis. This resulted in 11 exclusive first-
line treatment regimens, listed in Table 1: FU, FU/LV, IFL or 
FOLFIRI, capecitabine (an oral FU alternative), capecitabine/
irinotecan, FOLFOX, capecitabine/oxaliplatin, FU/LV plus 
bevacizumab, IFL plus bevacizumab, other biologic, and other. 

Only the first 5 regimens were available during the pre-
period. The “other biologic” and “other” categories included 
some regimens that could not be easily classified and that few 
individuals received. For example, patients receiving FU plus 
oxaliplatin plus irinotecan or FOLFOX plus irinotecan were 
classified in the “other” category. Rare regimens that included 
a biologic, such as capecitabine plus bevacizumab, were cat-
egorized in the “other biologic” category. as Table 1 suggests, 
some of the 11 exclusive categories of first-line treatments are 
not highly prevalent in our data. accordingly, we constructed 
broader first-line therapy regimens by including capecitabine/
oxaliplatin and capecitabine/irinotecan in the other category. 
Similarly, we included FU/LV plus bevacizumab and IFL plus 
bevacizumab in the “other biologic” category. 

Second-line therapy was defined in 2 ways. Typically, che-
motherapy regimens for CRC are expected to last 6 months. 
We observed this to a great extent in the data, but it was not 
consistent. We defined second-line treatment as the discon-
tinuation of first-line treatment (ie, all agents in the initial 
regimen) and start of a new treatment regimen 6 to 12 weeks 
after the end of the initial regimen. We also tested other defi-
nitions of switching to second-line treatment, such as discon-
tinuation of initial regimen and start of a new regimen at any 
time. However, this did not seem to affect the results. Our 

method of second-line therapy identification is similar to that 
used by Kutikova et al.14 

Statistical Analyses 
We measured expenditure differences across patients re-

ceiving different chemotherapeutic regimens. Naturally, pa-
tients receiving more expensive treatment regimens could be 
costlier for unobserved reasons. This potential selection effect 
could cause bias in naive models of treatment costs. Conse-
quently, we used FDa approval dates as a natural experiment. 
In effect, we used patients diagnosed before approval as a con-
trol group. Previous studies have used similar identification 
strategies.12,15 

The effects of regimens on expenditures were estimated 
by generalized linear models (with log link, gamma family). 
These models included extensive patient-level controls for 
clinical comorbidities and quarterly indicators for diagnosis 
dates. These quarterly indicators control for any factors unob-
served to the researchers that were common across providers 
or patients. For example, these variables might capture the 
effect of unobserved price changes, pharmaceutical market-
ing efforts, or publication of medical research. Furthermore, 
we allowed preperiod regimen effects to differ during pre- and 
postperiods. We estimated the impact of changes in chemo-
therapy regimen on spending for first-line and non-first-line 
chemotherapy and on nonchemotherapy spending. We then 
investigated whether first-line treatments were associated 
with second-line therapy use (using a logistic model) and with 
observed length of follow-up time (using a Cox proportional 
hazard model). Both specifications included the same set of 
explanatory variables, as discussed. 

n	 Table 1. First-Line Regimens and Drug Approval Dates 

 
 
Regimen

 
 

FU

 
 

LV

Irinotecan 
(April  
2000)

Capecitabine 
(May  
2001)

Oxaliplatin 
(January  

2004)

Bevacizumab 
(February  

2004)

Cetuximab 
(February 

2004) 

FU •

FU/LV • •

IFL or FoLFIRI • •

Capecitabine •

Capecitabine/irinotecan • •

FoLFoX • •

Capecitabine/oxaliplatin • •

FU/LV + bevacizumab • • •

IFL + bevacizumab • • •

other biologic •

Date of approval for first-line therapy for advanced/metastatic colorectal cancer.  
FoLFIRI indicates fluorouracil plus irinotecan; FoLFoX, fluorouracil/leucovorin with oxaliplatin; FU, fluorouracil; IFL, fluorouracil plus irinotecan; LV, 
leucovorin.
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We conducted a 
counterfactual exercise 
to facilitate parameter 
interpretation. For the 
postperiod cohort, we 
assumed that FOLFOX 
was not available, and 
patients received either 
FU/LV (67%) or IFL/
FOLFIRI (33%) in pro-
portion to their prepe-
riod distributions. This 
allowed us to estimate 
the incremental effect of 
FOLFOX on cost. 

ReSULtS 
Descriptive 
Statistics 

Table 2 presents de-
scriptive statistics for the 
preperiod (2644 unique 
patients) and postperiod 
(3231 unique patients) 
cohorts. average patient 
age at diagnosis was 56 
years in the preperiod co-
hort and 55 years in the 
postperiod cohort. Pa-
tients in each cohort had 
approximately 10 months 
of follow-up. all cost and 
utilization measures were 
constructed for 1 year after 
diagnosis. Total observed 
cost was substantially 
higher for the aver-
age postcohort patient 
($107,994) relative to the 
average precohort patient 
($60,586). This increase 
was largely driven by in-
creases in inpatient costs 
($26,109 vs $36,106), 
chemotherapy adminis-
tration costs ($7621 vs 
$26,174), and other out-
patient costs ($11,503 vs 
$21,713). On average,   

e a c h 
c o -
h o r t 
h a d 
simi-
l a r 
num-
b e r s 
o f 
h o s -
pital 
stays 
( 1 . 4 
p r e - 
a n d 
1 . 5 
post-
) but 
p r e -
p e -
r i o d 
c o -
hort 
p a -
tiee-
a c h 
c o -
hort 
h a d 
sim-
i l a r 
each 
c o -
hort 
h a d 
sim-
i l a r 

n	 Table 2. Descriptive Statistics for Pre- Versus Postperiod Cohorts 

Preperiod Cohort  
(Diagnosed Between 

January and  
December 2002) 

Postperiod Cohort  
(Diagnosed Between 

June 2004 and  
May 2005)

 Statistic Mean SD Mean SD             P

No. of patients   2644   3231
Male, %   53.2   53.1       .9783
Age at diagnosis, years 56.0 11.2 54.9 9.9 <.001 
Follow-up time, months 10.0 2.9 10.3 2.7 <.001 
Costs up to 1 year of follow-up, $
  total 60,586 52,385 107,994 85,162 <.001 
  Inpatient 26,109 38,092 36,106 57,424 <.001 
  Inpatient/skilled nursing facility 219 2731 120 1586 .0834 
  Pharmacy 5197 7273 7506 11,910 <.001 
  emergency department 199 578 754 4388 <.001 
  Home health 696 2020 1444 4462 <.001 
  office visits 3952 3752 7057 10,131 <.001 
  Laboratory 892 1080 1185 1353 <.001 
  X-ray 4199 6269 5933 7436 <.001 
  Chemotherapy administration 7621 13,761 26,174 34,911 <.001 
  other outpatient 11,503 18,901 21,713 28,718 <.001 
Utilizationa 
  No. of hospital stays 1.4 1.4 1.5 1.4 .0478 
  Length of hospital stay, days 8.5 7.5 8.1 6.9 .0064 
  No. of hospital days 12.0 15.5 12.0 15.2 .9305 
Comorbid conditions, %
  Myocardial infarction 2.6 2.7 .7723 
  Congestive heart failure 7.6 8.0 .5765 
  Peripheral vascular disease 4.2 4.6 .5212 
  Cerebrovascular disease 4.8 4.9 .9188 
  Dementia 0.6 1.2 .0225 
  Chronic pulmonary disease 10.0 12.6 .0017 
  Ulcer 1.9 2.2 .3526 
  Mild liver disease 1.0 1.2 .4354 
  Diabetes 16.5 16.2 .7635 
  Diabetes with organ damage 2.2 2.0 .5799 
  Hemiplegia 1.1 0.7 .1539 
  Moderate/severe renal disease 3.1 3.4 .5569 
  Moderate/severe liver disease 1.2 1.5 .2992 
  Metastatic solid tumor 65.3 65.8 .7235 
  AIDS 0.2 0.3 .4199 
  Rheumatologic disease 1.0 1.1 .6822 
First-line chemotherapy regimen, %  <.001
  FU 18.2 23.1
  FU/LV 54.4 24.7
  IFL or FoLFIRI 20.7 7.0
  Capecitabine 6.4 8.8
  Capecitabine/irinotecan 0.1 0.0
  FoLFoX 0.2 32.8
  Capecitabine/oxaliplatin 0.0 0.8
  FU/LV + bevacizumab 0.0 0.4
  IFL + bevacizumab 0.0 0.8
  other biologic 0.0 1.4
  other 0.0 0.2
Second-line therapy, %b 39.0 42.0 .0028 
Resection, % 53.0 64.0 <.001

Data adapted from LifeLink Health Plans Claims Database. 
FoLFIRI indicates fluorouracil plus irinotecan; FoLFoX, fluorouracil/leucovorin with oxaliplatin; FU, fluorouracil; IFL, 
fluorouracil plus irinotecan; LV, leucovorin; SD, standard deviation. 
aAll utilization measures represent use during the first year after diagnosis.  
bSecond-line therapy is defined as chemotherapy 6 weeks to 3 months after initial treatment.
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each cohort had similar numbers of hospital stays (1.4 pre- and 
1.5 post-) but pre-period cohort patients had slightly longer 
hospital stays (8.5 vs 8.1 days). We did not observe any statisti-
cally significant differences in prevalence of comorbid condi-
tions across the cohorts, with the exception of dementia and 
chronic pulmonary disease, which were more prevalent in the 
postperiod cohort. 

Table 2 also lists significant differences in the first-line 
regimens used by patients in the 2 cohorts. The most popular 
regimens in the preperiod cohort were FU/LV (54.4%), FU 
(18.2%), and IFL or FOLFIRI (20.7%). These regimens were 
still prevalent in the postcohort but not as popular, with only 
7% of patients receiving IFL or FOLFIRI and 24.7% receiving 
FU/LV. Interestingly, the proportion of patients receiving FU 
increased slightly to 23.1%. The most popular first-line regi-
men in the postperiod was FOLFOX (32.8%). 

Figures a and B present quarterly trends in first-line regi-
mens for the pre- and postperiod cohorts, respectively. Prepe-
riod cohort regimen use was fairly stable over time, but there 
was a significant decline in FU/LV and IFL or FOLFIRI use 
during the postperiod. Proportion of patients receiving FU, 

another regimen available to the preperiod cohort, remained 
stable during the postperiod. Figure 1B also demonstrates sig-
nificant increases in FOLFOX use. FOLFOX use rose from 
20.8% in the first quarter of 2004 to 41.9% in the second 
quarter of 2005. Use of other biologic drugs as first-line regi-
mens also increased from 2% to 6.7% during the same period. 

Multivariate Models 
Table 3 lists results for a series of cost models. We report 

results from models of costs incurred only during first-line 
regimens; however, we found similar results for other cost 
measures, such as total observed cost up to 1 year of follow-up 
and total annualized cost (coefficient estimates on regimen in-
dicators were similar across specifications that had these other 
cost measures as outcome variables). model 1 examines total 
cost, model 2 examines cost of chemotherapy agents associ-
ated with the regimen only, model 3 examines cost of other 
chemotherapy agents not directly associated with the first-line 
regimen, and model 4 focuses on nonchemotherapy costs. 

We found that patients using new products incurred higher 
costs than patients treated with FU or IFL/FOLFIRI. In Table 
3, model 1, the parameters for FOLFOX and other biologic 
were positive (0.23 and 0.31, respectively) and significant (P 
<.01). We used models 2 to 4 to identify mechanisms through 
which treatment regimen affects spending. In model 2, we 
found that FOLFOX and other biologics cost 400% more than 
FU, our reference regimen. Costs associated with our reference 
category—a generic regimen (ie, FU)—changed little over 
time, although costs associated with other incumbent products 
(IFL/FOLFIRI and FU/LV) fell when competing products were 
introduced. 

First-line chemotherapy regimens are frequently supple-
mented with additional chemotherapy products. model 3 
shows that nonstandard regimen spending did increase for pa-
tients receiving IFL/FOLFIRI and FU/LV compared with that 
for those receiving FU. New products do not directly increase 
spending on nonstandard regimens. However, they may indi-
rectly increase nonstandard regimen spending when they are 
used to supplement older regimens. 

Finally, model 4 indicates that FOLFOX and other biolog-
ics are associated with relatively modest nonchemotherapy 
expenditure increases. Patients receiving older regimens such 
as IFL/FOLFIRI and FU/LV incur greater costs than patients 
receiving FU; however, this effect did not change during the 
postperiod. across all specifications, younger patients had 
higher costs. The prevalence of other comorbidities and re-
section were also associated with higher total cost (model 1) 
and nonchemotherapy costs (model 4). as expected, none of 
the comorbidities had a statistically significant effect on che-
motherapy costs (models 2 and 3). 

n	Figure. Share of Each First-line Regimen for  
(A) Preperiod Cohort (January 1, 2002, to December 31, 
2002) and (B) Postperiod Cohort (June 1, 2004, to  
May 31, 2005) 
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FoLFIRI indicates fluorouracil plus irinotecan; FoLFoX, fluorouracil/leu-
covorin with oxaliplatin; FU, fluorouracil; IFL, fluorouracil plus irinotecan; 
LV, leucovorin.
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We also examined the effect of different regimens on the 
probability of receiving second-line treatment and duration 
of observed claims data follow-up. although we observed no 
differences in follow-up duration (Table 4; model 5), patients 
receiving newer regimens were more likely to receive second-

line therapies (Table 4; model 6). These analyses are discussed 
in the Robustness section. 

We conducted a counterfactual exercise to help interpret 
our findings. as Figure 1 suggests, FOLFOX was substituted 
for FU/LV and IFL/FOLFIRI in the postperiod. although 

n	Table 3. Treatment Regimens and Medical Expenditures: Multivariate Models 

Generalized Linear Model (log link, gamma family) 

Model 1 Model 2 Model 3 Model 4

Characteristic Effect SE Effect SE Effect SE Effect SE 

Age –0.01a 0.001 –0.02a 0.002 –0.01b 0.007 –0.01a 0.001 

Female –0.00 0.020 0.13a 0.045 0.31a 0.118 –0.00 0.023 

First-line chemotherapy regimen

  FU (reference)

  IFL/FoLFIRI 0.20a 0.045 4.55a 0.102 –2.13a 0.274 0.18a 0.053 

  IFL/FoLFIRI × postperiod cohort 0.03 0.071 –0.28b 0.160 2.20a 0.418 0.12 0.083 

  FU/LV –0.28a 0.037 2.62a 0.085 –1.24a 0.224 –0.33a 0.044 

  FU/LV × postperiod cohort –0.06 0.050 –0.74a 0.114 0.75c 0.303 0.05 0.059 

  FoLFoX 0.23a 0.035 4.72a 0.079 0.07 0.217 0.09c 0.040 

  otherd 0.26c 0.127      4.93a 0.292 –0.69 0.723  0.11 0.147

  other biologice 0.31a 0.088 4.95a 0.199 0.04 0.511 0.22c 0.102 

  Capecitabine –0.15a 0.042 2.92a 0.095 0.04 0.240 –0.06 0.048 

Comorbid conditions

  Myocardial infarction 0.07 0.063 0.04 0.141 –0.00 0.376 0.14b 0.073 

  Congestive heart failure 0.25a 0.039 –0.16b 0.087 –0.34 0.227 0.23a 0.045 

  Peripheral vascular disease 0.16a 0.049 –0.04 0.110 –0.18 0.298 0.17a 0.057 

  Cerebrovascular disease 0.15a 0.047 0.07 0.108 –0.14 0.292 0.21a 0.055 

  Dementia 0.39a 0.105 –0.01 0.235 –0.37 0.584 0.47a 0.124 

  Chronic pulmonary disease 0.03 0.032 –0.09 0.072 –0.35b 0.188 0.08c 0.037 

  Ulcer 0.18c 0.070 –0.11 0.159 –0.01 0.410 0.27a 0.081 

  Mild liver disease 0.25a 0.094 –0.18 0.213 –1.07c 0.540 0.27c 0.109 

  Diabetes 0.03 0.028 0.01 0.064 0.09 0.166 0.03 0.033 

  Diabetes with organ damage 0.14b 0.074 0.01 0.165 –0.14 0.433 0.02 0.086 

  Hemiplegia 0.41a 0.108 –0.13 0.246 –0.73 0.630 0.55a 0.125 

  Moderate/severe renal disease 0.42a 0.057 –0.16 0.129 0.21 0.322 0.48a 0.066 

  Moderate/severe liver disease 0.16† 0.087 0.06 0.199 0.63 0.489 0.42a 0.100 

  AIDS –0.14 0.184 –0.25 0.417 0.03 1.086 –0.28 0.213 

  Rheumatologic disease 0.11 0.100 –0.05 0.223 0.04 0.570 0.13 0.118 

  Resection 0.40a 0.021 0.09b 0.047 –0.41a 0.125 0.19a 0.024 

Observations 5874  5873 5873 5873

All specifications include indicators for quarter of diagnosis. Model 1, total cost during first-line treatment; model 2, first-line chemotherapy treatment 
agent costs during first-line treatment; model 3, non-first-line chemotherapy costs during first-line treatment; model 4, nonchemotherapy costs during 
first-line treatment. Data adapted from LifeLink Health Plans Claims Database. 
FoLFIRI indicates fluorouracil plus irinotecan; FoLFoX, fluorouracil/leucovorin with oxaliplatin; FU, fluorouracil; IFL, fluorouracil plus irinotecan; LV, 
leucovorin.  
aP <.01.  
bP <.1.  
cP <.05.  
dCapecitabine/oxaliplatin and capecitabine/irinotecan are included in “other”category of first-line regimens.  
eFU/LV plus bevacizumab and IFL plus bevacizumab are included in “other biologic” category of first-line regimens.
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approximately 55% of patients received FU/LV and 20% 
received IFL/FOLFIRI in the preperiod, the shares of these 
two first-line regimens declined to approximately 15% and 
0%, respectively, by the end of the postperiod. at the same 
time, FOLFOX gained approximately 40% of the market 
share. We predicted postperiod costs assuming FOLFOX had 
never been approved. In practice, we limited this analysis 
to the postperiod and randomly assigned FOLFOX users to 
either FU/LV or IFL/FOLFIRI proportionately based on their 

relative preperiod market shares. We used this random al-
location because our multinomial logistic regression model 
of first-line treatment regimen choices did not identify any 
patient characteristics influencing treatment choice. We 
assigned two-thirds of patients receiving FOLFOX in the 
postperiod to FU/LV and one-third to FU. Using param-
eter estimates from model 1, we predicted the costs under 
these older treatment regimens. mean predicted annual cost 
for first-line treatment was $133,617 (standard deviation, 

n	Table 4. Models of Observed Follow-up and Second-Line Treatments 

       Model 5        Model 6

Characteristic Effect SE Effect SE 

Age –0.00a 0.000 –0.00 0.003 

Female –0.01 0.009 0.09 0.055 

First-line chemotherapy regimen, %

  FU (reference)

  IFL/FoLFIRI –0.04b 0.021 0.44a 0.125 

  IFL/FoLFIRI × postperiod cohort –0.01 0.033 0.34c 0.195 

  FU/LV 0.01 0.017 –0.20c 0.105 

  FU/LV × postperiod cohort –0.04c 0.023 0.41a 0.141 

  FoLFoX –0.01 0.016 0.30a 0.097 

  otherd –0.12b 0.058 –0.04 0.358 

  other biologice –0.12a 0.041 0.95a 0.240 

  Capecitabine –0.01 0.019 0.08 0.117 

Comorbid conditions

  Myocardial infarction –0.02 0.029 –0.17 0.176 

  Congestive heart failure 0.03c 0.018 –0.06 0.107 

  Peripheral vascular disease 0.02 0.022 –0.03 0.136 

  Cerebrovascular disease 0.01 0.022 0.02 0.132 

  Dementia –0.11b 0.048 –0.01 0.291 

  Chronic pulmonary disease –0.00 0.014 –0.11 0.088 

  Ulcer 0.01 0.032 0.21 0.192 

  Mild liver disease 0.02 0.043 –0.45c 0.272 

  Diabetes 0.02 0.013 0.12 0.079 

  Diabetes with organ damage 0.03 0.034 0.27 0.200 

  Hemiplegia 0.06 0.049 –0.04 0.304 

  Moderate/severe renal disease 0.01 0.026 –0.08 0.159 

  Moderate/severe liver disease –0.02 0.040 –0.09 0.243 

  AIDS 0.03 0.084 –0.22 0.543 

  Rheumatologic disease –0.01 0.045 –0.09 0.280 

  Resection 0.06a 0.010 0.78a 0.059 

Observations      5874      5874

Second-line therapy is defined as chemotherapy 6 weeks to 3 months after initial treatment. All specifications include indicators for quarter of 
diagnosis. Model 5, observed follow-up days after diagnosis (Cox proportional hazard model); model 6, probability of second-line treatment (logit).  
Data adapted from LifeLink Health Plans Claims Database. 
FoLFIRI indicates fluorouracil plus irinotecan; FoLFoX, fluorouracil/leucovorin with oxaliplatin; FU, fluorouracil; IFL, fluorouracil plus irinotecan; LV, 
leucovorin.  
aP <.01.  
bP <.05.  
cP <.1.  
dCapecitabine/oxaliplatin and capecitabine/irinotecan are included in “other category” of first-line regimens.  
eFU/LV plus bevacizumab and IFL plus bevacuzimab are included in “other biologic” category of first-line regimens.
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$44,951) for the postperiod. In the absence of FOLFOX, 
this cost would have been $115,204 (standard deviation, 
$38,254). FOLFOX directly increased average postperiod 
chemotherapeutic expenditures by more than $18,000. This 
corresponds approximately to a $15,000 increase in average 
cost per patient with up to 1 year of follow-up. 

Robustness 
Our primary empirical concern is that unobserved differ-

ences in patient severity (eg, stage at diagnosis) may drive 
treatment selection. Physicians and patients know more about 
CRC severity and the appropriateness of a given treatment. If, 
for example, relatively high severity patients received FOLF-
OX, we might overestimate the effect of FOLFOX on expen-
ditures. We performed a series of robustness tests to address 
potential problems such as unobserved severity. 

The patterns of preperiod treatment choices described in 
Figure 1a suggest that the distribution of patient and physician 
treatment preferences was stable across time in the absence of 
treatment innovations. This stability provides support for our 
overall empirical strategy. Howard et al12 provide additional 
evidence for the stable distribution of CRC severity across 
time. We directly tested whether observed measures of patient 
severity affected treatment choice. We estimated multinomial 
logistic regression models to predict first-line chemotherapy 
regimen choices in the pre- and postperiod cohorts. Observable 
patient characteristics had almost no effect on first-line regi-
men choice. The exceptions were that older patients were less 
likely to receive FOLFOX or FOLFIRI, and patients with kid-
ney or liver disease were less likely to receive biologic products. 
The choice model results were not particularly interesting and 
were excluded for brevity. These results are available on request 
from the authors. although these results suggest that severity 
did not drive treatment selection, it is possible that selection is 
only dependent on unobserved patient severity measures. 

Our empirical models contain implicit tests for selection 
bias based on unobserved severity. If the higher cost of FOLF-
OX were driven by unobserved severity, then the average 
severity among patients receiving FU/LV and IFL/FOLFIRI 
would fall during the postperiod. We found that neither ob-
served duration nor nonchemotherapy costs changed during 
the postperiod. although first-line chemotherapy costs fell, 
this was a price rather than quantity effect. The decrease in 
observed follow-up for patients receiving other biologic prod-
ucts could be the result of selection bias; however, if so, this 
effect must be small, because we observed no changes in IFL/
FOLFIRI or FU/LV follow-up. 

The reported empirical and robustness results are all based 
on expenditures during first-line regimen. Differences in regi-
men duration might bias these results. Consequently, we es-

timated models based on first-year expenditures and observed 
expenditures before second-line treatment initiation. In all 
cases, the results were consistent with those reported. Over-
all, these results strongly suggest that our findings are robust. 

DISCUSSIoN 
This study documents increasing CRC treatment hetero-

geneity after the introduction of new chemotherapy agents. 
New regimens, such as FOLFOX, were largely substituted for 
FU/LV and IFL/FOLFIRI as first-line therapy for metastatic 
CRC. These treatment changes resulted in large expendi-
ture increases in CRC care. The total average cost during 
follow-up after diagnosis rose from $60,586 in the preperiod 
to $107,994 in the postperiod. Cost increases from FOLFOX 
accounted for 14% of the total average postperiod cost. al-
though the new regimens are costly, there is substantial evi-
dence that these treatments improve survival.16-19 Our analysis 
suggests that our price effects are independent of unobserved 
severity; however, our data are poorly suited to measuring any 
improved outcomes from new treatments. 

We also examined indirect effects on medical costs. The 
new regimens had no effect on nonchemotherapy medi-
cal costs; they did not substitute for other forms of medical 
expenditure. However, they may have influenced the cost 
of existing treatment regimens. First, the prices of compet-
ing regimens fell during the postperiod, possibly because of 
competition. Second, the cost of nonstandard regimens rose 
for patients receiving older regimens as their primary first-line 
treatment. Third, the probability of receiving second-line 
therapy increased for nearly all treatments. 

Notably, our results are in contrast to those of Howard et 
al,12 who performed an analysis of CRC treatment using medi-
care data; however, they employed SEER data, which includes 
stage at diagnosis. although our populations differed, our 
sample selection and empirical strategies were quite similar. 
Howard et al found that new regimens diffused more rapidly 
and achieved much higher market share.12 They also found 
smaller cost effects, with total average expenditure increasing 
by $4600 during the analogous period. These differences may 
be a consequence of unobserved severity differences or federal 
policy. Differences between medicare and private insurance 
reimbursement might also explain this variation in regimen 
cost and utilization. These differences, along with the 2003 
medicare Prescription Drug, Improvement, and moderniza-
tion act,20 merit further study. 

Our report has several limitations. First, our data are not 
linked to cancer registries. as such, we did not observe stage 
of cancer at diagnosis, severity of condition, or exact survival. 
However, we restricted each cohort to newly diagnosed pa-
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tients to reduce the heterogeneity of disease severity across 
individuals. Thus, we are reluctant to assess the clinical effec-
tiveness of existing and new therapies. Furthermore, adverse 
effects and quality-of-life factors may have influenced discon-
tinuation of therapy. Finally, because this research is based on 
claims data, it is sensitive to potential diagnosis coding errors. 

New oncology drugs have rapidly affected both the treat-
ment and cost of CRC. although new regimens offer the hope 
of increased survival, they come at a high cost. Our findings 
imply that new regimens have been largely substituted for 
older regimens as first-line therapy for metastatic CRC. These 
treatment changes have resulted in large expenditure increases 
for CRC care. New treatments have not been substituted for 
other medical services; rather, they have increased the cost of 
existing regimens through nonstandard regimen use. In gen-
eral, the implications of costly new drugs on rising healthcare 
spending have been a concern with regard to various thera-
peutic classes such as antihypertensives, cardiovascular drugs, 
and specialty drugs for the treatment of rheumatoid arthritis 
and multiple sclerosis.21-26 as new clinical research becomes 
available, there are continuing changes in the treatment and 
management of cancer that warrant future studies to evaluate 
the costs and benefits of these new cancer treatments. more-
over, future work must study the impact of pharmacogenomic 
information (eg, the role of KRAS mutation on success with 
cetuximab) on the evolution of treatment patterns as oncolo-
gists’ familiarity with new agents increases. 
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