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/ABSTRACT

Background. We explored biologics receipt in metastatic colon
cancer.

Methods. We used Surveillance, Epidemiology, and End
Results-Medicare data of 4,545 elderly patients diagnosed
with incident metastatic colon cancer from 2003 to 2009,
treated with chemotherapy and/or biologics, and followed
up through 2010.

Results. A total of 2,504 (55%) patients received a biologics-
containing regimen. Treatment with biologics fluctuated
between 46% and 63% of first-line regimens and 67% and 73%
of second-line regimens. Bevacizumab accounted for 95% of
first-line and 68% of second-line biologics use. Cetuximab
accounted for 33% of second-line and 48% of third-line use.
Panitumumab accounted for 5% of second-line and 27% of
third-line use.The adjusted odds of biologics receipt decreased
rapidly with age, resulting in a threefold difference between

the youngest and the oldest study participants in the sample
(odds ratio [OR] 0.35, p < .01). African Americans (OR0.77,p =
.03) and patients with Charlson Comorbidity Indexof 1 (OR0.83,
p=.02)or>1(0OR0.75, p <.01) were considerably less likely to
receive biologics therapy. Medicare state buy-in was associated
with 2% lower odds of receiving biologics (OR 0.98, p = .04).
Conclusion. After controlling for sociodemographic and clini-
cal differences, age, race, comorbidities, and low income had
a statistically significantly negative effect on the likelihood of
receiving biologics among treated patients. Use of biologics
varied over time, across the treatment continuum, and by
chemotherapy regimen. Bevacizumab was most frequently
used in both first- and second-line treatment. Cetuximab was
the second most prescribed biologic. Panitumumab use was
mostly limited to third-line treatment. The Oncologist 2016;
21:676-683

Implications for Practice: It is well-known that patients in the “real world” receive cancer treatments that do not reflect the strict
treatment protocols of clinical trials. This is particularly true for complex and elderly patients with metastatic disease, who are
frequently underrepresented in clinical trials. Although this article does not provide any additional evidence about the
effectiveness of one treatment regimen or treatment sequence over another, it enhances our understanding of oncology practice
outside of the clinical trial setting and provides useful information for future health services and health economics research in

metastatic colon cancer.

INTRODUCTION

Patients with metastatic colon cancer disease may be treated
with one or more chemotherapy and biologic targeted therapy
drugs. The list of approved drugs during our study period
includes the chemotherapy drugs fluorouracil (and capecita-
bine) (5FU), leucovorin (LV), oxaliplatin (OX), and irinotecan
(IR1) and the biologic drugs bevacizumab (BEV), cetuximab
(CET), and panitumumab (PAN).

BEVisaninhibitor of the vascular endothelial growth factor
receptor. It was approved for first-line use in 2004 and for
second-line use in 2006 [1, 2]. In comparison, CET and PAN,

which work by inhibiting epidermal growth factor receptor
(EGFR), were approved in 2004 and 2006, respectively, as
single or adjunctive agents in patients who had failed or were
intolerant to specific chemotherapies [2-4].

In 2006 and 2007, the scientific community became
increasingly aware that certain KRAS mutations decreased
the treatment response of EGFR inhibitors [5—11]. As a result,
the U.S. Food and Drug Administration (FDA) modified the
labels of CET and PAN in 2009 to indicate that these drugs were
no longer recommended for the treatment of tumors with
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KRAS mutations in codon 12 or 13, which occur in 39%—43% of
metastatic colon cancer patients [12, 13].

Colon cancer drugs are typically combined into a treatment
regimen. When one regimen becomes ineffective or results in
significant toxicities, patients may discontinue treatment or
continue with another set of drugs. Thus, patients may receive
multiple lines of treatment [14, 15].

This article examines the use of biologic targeted-therapy
drugs among elderly patients with metastatic colon cancer
disease. Because elderly patients are often underenrolled in
clinical trials [16], we used historical claims-based data to find
the factors associated with biologics receipt outside of the
clinical trial setting and document how these drugs are used
along the treatment continuum.

MATERIALS AND METHODS

Data

This study used Surveillance, Epidemiology, and End Results
(SEER)-Medicare data. The SEER program provides demo-
graphic and clinical information for all incident cancer cases in
17 geographicregionsinthe U.S. Medicare, the primary health
care provider for the elderly in the U.S., collects information
about covered health care services from time of enrollment
until death. The linkage of individuals in the SEER cancer
registry data to their Medicare claims is performed by the
National Cancer Institute and the Centers for Medicare and
Medicaid Services.

Population

The study population consisted of elderly (aged >65 years)
SEER-Medicare enrollees diagnosed with incident metastatic
colon cancer from 2003 to 2009. Tumor location was identified
using the site recode variable in SEER-Medicare. Only people
with site recode of 15t0 23 (15 = cecum, 16 = appendix, 17 =
ascending colon, 18 = hepatic flexure, 19 = transverse colon,
20 = splenic flexure, 21 = descending colon, 22 = sigmoid
colon, 23 = large intestine) were included in the study.

Study Sample

We included only patients who were treated with chemother-
apy or biologics during the observation period. Furthermore,
only patients with complete Medicare coverage (i.e., with both
Medicare parts Aand B) were included to minimize bias caused
by unobserved claims data.

Patients enrolled in a managed care plan in the year before
cancer diagnosis were excluded, because we did not have data
about their health care utilization. People diagnosed post-
mortem with metastatic colon cancer were also excluded.

The remaining 4,545 patients were followed up until
December 31, 2010. Subjects were censored from the study
upon loss of complete Medicare coverage or upon enrollment
in a managed care plan.

Treatment Detection

Receipt of specific chemotherapy or biologic drugs was
assessed from claims in the period after cancer diagnosis
using Healthcare Common Procedure Coding System (HCPCS)
codes and National Drug Code (NDC) codes. All claim types,
including Part D claims for outpatient drug coverage, were
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used to detect chemotherapy and biologic treatment. For the
purposes of this study, we did not distinguish between
capecitabine and its intravenous equivalent, fluorouracil.

Treatment Classification

The claims-based algorithm of Bikov et al. [17] was used to
identify and classify treatment lines into the following five
categories: (a) 5-FU/LV-based (5-FU/LV = biologics); (b) OX-
based (OX * 5-FU/LV = biologics); (c) IRI-based (IRl * 5-FU/
LV = biologics); (d) IROX-based (IRl + OX = 5-FU/LV = biologics);
and (e) biologics only.

Statistical Analysis

We used univariate descriptive analyses to examine the
sociodemographic and clinical characteristics of our cohort.
Using descriptive bivariate analyses, we compared prevalence
rates of biologics receipt across patient groups defined by age,
race/ethnicity, gender, marital status, Medicare state buy-
in assistance (a proxy indicator for low income), urban living
area, Charlson Comorbidity Index (CCl), myocardial infarction,
chronic heart failure, cerebrovascular disease, chronic obstruc-
tive pulmonary disease, chronic renal failure, peripheral
vascular disease, and diabetes mellitus. In addition, the
unadjusted rates of biologics use in first- and second-line
therapy were stratified by age group. Pearson X2 and t tests
were used to compare frequency distributions of categorical
and continuous variables, respectively.

We conducted multivariable logistic analysis to assess the
adjusted effect of sociodemographic and clinical factors on
receipt of biologictherapy. Our full model included the following
independent variables: age, race/ethnicity, gender, marital
status, Medicare state buy-in assistance, urban living area, CCl,
year of cancer diagnosis, and SEER cancer registry. An alternative
model included variables for myocardial infarction, chronic
heart failure, cerebrovascular disease, chronic obstructive
pulmonary disease, chronic renal failure, peripheral vascular
disease, and diabetes mellitus in place of CCI. Our sensitivity
analysis consisted of running multiple logistic regressions,
each with a different subset of the independent variables.

Analyses were performed using SAS 9.3 (SAS Institute, Cary,
NC, http://www.sas.com/en_us/home.html), and p < .05 was
considered statistically significant.

IRB Protocol
The approved Institutional Review Board protocol number at
the University of Maryland, Baltimore, was HP-00049426.

RESULTS

The study sample consisted of 4,545 elderly patients who
received one or more lines of treatment after being diagnosed
with incident metastatic colon cancer. Overall, 2,504 (55%)
study participants were treated with biologics during the
observation period. Of these, 2,001 (80%) began cancer
treatment with a biologics-containing regimen; the remainder
began with a chemotherapy-only regimen and did not start
targeted therapy until their second (440 [18%]) or third (63
[1%]) line of treatment (Fig. 1).

Biologics Receipt Over Time

Initiation rates of targeted therapy varied over time. In 2005, a
year after the first biologic drugs for metastatic colon cancer
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A Transition from Tx1 to Tx2
Tx2 w/o BIO Tx2 w/o BIO
208 (10.4%) 533 (21.0%)
Tx2 w/ BIO Tx2 w/ BIO
T4 733 (36.6%) A 440 (17.3%)
w BIO wio BIO
n=2,001 Discontinued n=2,544 Discontinued
Treatment Treatment
641 (32.0%) 1,006 (39.5%)
Died within Died within
1 Month 1 Month
419 (20.9%) 565 (22.2%)
B Transition from Tx2 to Tx3
Tx3 w/o BIO Tx3 w/o BIO
43 (3.7%) 59 (8.0%)
Tx3 w/BIO Tx3 w/ BIO
Tx2 137 (11.7%) =2 84 (11.3%)
w BIO wlo BIO
n=1,173 Discontinued n=74¢ Discontinued
Treatment Treatment
676 (57.6%) 431 (58.2%)

Died within
1 Month

Died within
1 Month

317 (27.0%) 167 (22.5%)

Figure 1. Utilization of biologics along the treatment continuum.

Abbreviations: BIO, biologics; Tx1, first-line treatment; Tx2,
second-line treatment; Tx3, third-line treatment; w/, with; w/o,
without.

were approved, 55% of first- and 63% of second-line regimens
included biologics. Rates continued to rise, peaking at 63% of
first-line treatments in 2006 and 73% of second-line treat-
mentsin 2008. BEV use peaked in 2006, when itwasincludedin
60% of first-line and 53% of second-line treatments. CET use
peaked at 28% of second-line treatments in the following year.
In 2010, the last year of our observation period, as many as 46%
of first-line regimens and 67% of second-line regimens
included biologics (Fig. 2).

Biologics Receipt in First-Line Treatment

With the exception of 73 study participants who received only
targeted therapy, almost everyone began cancer treatment
with a chemotherapy regimen (Fig. 3A). The three most
common regimens were OX-based (51%), 5FU/LV-based
(31%), and IRI-based (14%). Asmany as 1,928 (43%) patients
received both chemotherapy and biologics. BEV, which
accounted for virtually all biologics use in first line, was
included in 55% of OX-based regimens, 34% of IRI-based
regimens, and only 21% of 5FU/LV-based regimens (Table 1).
Meanwhile, CET, which accounted for only 3% of first-line
regimens, was prescribed more frequently with IRl (5%)
compared with OX (2%).

Biologics Receipt in Second-Line Treatment
Approximately two of five treated patients (1,914 [42%)])
eventually discontinued their initial treatment and continued
with a new treatment regimen (Fig. 3B). The remaining 2,631
(58%) patients stopped treatment altogether, of whom 984
died within a month (Fig. 1).

The transition from first- to second-line treatment was
typically characterized by the replacement of one backbone
chemotherapy drug with another (Table 1). Most patients
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Figure 2. Utilization of biologics between 2003 and 2010, by year.
Abbreviation: FDA, U.S. Food and Drug Administration; TX1,
first-line treatment; TX2, second-line treatment.

I Cetuximab (CET)
I Panitumumab (PAN)

received an IRI-based (66%) or OX-based (25%) second-line
regimen (Fig. 3B). Use of targeted therapy in second line
increased by 17 percentage points compared with first line.
Overall, 1,173 (61% of those who progressed to second line)
received biologics.

Table 2 shows the relative utilization of BEV, CET, and PAN as
part of the three most common second-line treatments. BEV,
which was included in 39% of second-line regimens, continued
to be the most frequently prescribed biologic. It was added to
44% of OX-based and 42% of IRI-based treatments. CETwas used
in 20% of second-line regimens. This dramatic increase was
driven by the popularity of IRI-based regimens, which were four
times more likely to include CET compared with OX-based
regimens. PAN saw little use (3% of second-line regimens) and
was mostly limited to regimens consisting of biologics only,
which accounted for 127 (7%) of second-line treatments.

Biologics Receipt in Third-Line Treatment

Only 323 patients (or 7% of our sample) eventually progressed
to third-line treatment. Of these, 221 (68%) were treated with
biologics, and 136 (42%) received biologics as stand-alone
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Figure 3. Distribution of regimens by treatment line.

therapy. The remainder were treated with an IRI-based (107
[33%]), OX-based (63 [20%]), or IROX-based (17 [5%)]) regimen
(Fig. 3C). CET, which was included in 32% of regimens, was the
most commonly used targeted therapy in third line. Mean-
while, the share of PAN increased to 19% of third-line
regimens, whereas that of BEV decreased to 18%.

Factors Associated With Biologics Receipt

Patients treated with a biologics-containing first-line regimen
were 1.2 years younger on average compared with those
treated with chemotherapy alone (mean [SD], 74.5 [6.0] vs.
75.7 [6.2] years, p < .01). However, there was no statistically
significant age differencein secondline (73.9[5.7] vs. 74.4[5.8]
years, p = .09).

Although rates of first-line biologics use declined consis-
tently with age, the sharpest decline occurred at ~75 years of
age (age group 66—69, 50%; 70-74, 48%; 75-79, 41%; 80—-84,
38%; =85, 38%; p < .01). In comparison, rates of second-line
biologics use did not vary with age (age group 66—69, 65%;
70-74, 63%; 75-79, 57%; 80—84, 61%; =85, 57%; p = .12).

People treated with targeted therapy lived in census tracts
with higher median household income compared with those
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treated with chemotherapy alone (mean [SD], $52,051
[$24,246] vs. $50,463 [$23,604], p = .03). In addition, we
documented that Medicare state buy-in assistance was less
common in patients treated with biologics compared with
those treated with chemotherapy alone (11%vs. 13%, p <.01)
(Table 3).

Table 3 shows that patients treated with biologics and
patients treated with chemotherapy alone had similar makeup
with regard to race, gender, marital status, and urban/rural
living area. However, they differed with regard to certain
comorbidities. Compared with those treated with chemother-
apy alone, patients treated with biologics had lower CCI (p <
.01) and were less likely to have a history of myocardial
infarction (1%vs. 2%, p = .03), chronic heart failure (5% vs. 8%,
p < .01), cerebrovascular disease (4% vs. 5%, p = .02), and
chronic obstructive pulmonary disease (9% vs. 11%, p < .01).
There were no statistically significant differences in prior
chronic renal failure, peripheral vascular disease, or diabetes
mellitus.

Table 4 shows the results from our full logistic model,
which estimated how the odds of biologics receipt changed
across patient groups after adjusting for sociodemographic
and clinical factors. We found that African Americans (odds
ratio [OR] 0.77, p = .03), as well as patients with CCl of 1 (OR
0.83, p = .02) or >1 (OR 0.75, p < .01) were considerably
less likely to receive biologics therapy. Furthermore, the odds
of being treated with biologics decreased rapidly with age,
resulting in a threefold difference between the youngest
(66—69 age group) and the oldest (=75 age group) patients
in our sample (OR 0.35, p < .01). Study participants with
Medicare state buy-in had 2% lower odds of receiving biologics
(OR 0.98, p = .04). Our sensitivity analyses produced qualita-
tively similar results.

DiscussION

After FDA approval, biologics use in the study sampleincreased
sharply to 63% of first-line treatments and 73% of second-line
treatments. After this initial uptake in use, rates of biologics
receipt remained relatively steady for the remainder of the
observation period. Bevacizumab was the most frequently
prescribed biologic in both first- and second-line treatment.
Cetuximab and panitumumab were used mostly in second- or
later-line therapies, and cetuximab was the dominant biologic
in third-line treatment.

The observed higher utilization of bevacizumab compared
with cetuximab or panitumumab is consistent with the clinical
strategy of providing first-line bevacizumab in patients
with low risk for atherothrombotic complications; it is also
consistent with the strategy of reserving EGFR inhibitors,
which offer good response rates at the expense of greater
toxicity, for second- or later-line treatment in all but excep-
tionally fit elderly patients [15].

Our population-based findings are consistent with pre-
vious reports by Zafar et al. [18] and Hess et al. [19], who used
medical records data to answer questions about the use of
biologics in metastatic colon cancer patients. Zafar et al.
examined data of patients with mean age of 58 who were
diagnosed with metastatic colorectal cancer from 2003 to
2006 and found that bevacizumab was used in 74% of
patients [18]. Hess et al. looked at 2004-2008 data of
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Table 1. Most common first-line treatment regimens and corresponding next treatments
First-Line Treatment Second-Line Treatment n %
5FU/LV (21% with BEV) Discontinued treatment 910 65
OX (41% with BEV) 217 16
IRI (20% with BEV, 20% with CET) 205 15
IROX 17
BIO only (65% CET) 43 3
IRI (34% with BEV, 5% with CET) Discontinued treatment 389 60
OX (45% with BEV, 6% with CET) or IROX® 248 38
BIO only 14 2
OX (55% with BEV, 2% with CET) Discontinued treatment 1,205 52
IRI (46% with BEV, 22% with CET, 2% with PAN) 1,045 45
IROX (71% with BEV) 31
BIO Only (55% CET, 22% BEV) 58 2

Fewer than 12 people in the category.

Abbreviations: 5-FU/LV, 5-fluorouracil/leucovorin; BEV, bevacizumab; BIO, any biologics; CET, cetuximab; IRI, irinotecan; IROX, irinotecan and oxaliplatin;

OX, oxaliplatin; PAN, panitumumab.

Table 2. Most common second-line treatment regimens and corresponding next treatments

Second-Line Treatment Third-Line Treatment n %

IRI (42% with BEV, 22% with CET) Discontinued treatment 1,094 87
OX (30% with BEV) or IROX? 64 5
BIO only (51% PAN, 49% CET) 99

OX (44% with BEV, 5% with CET) Discontinued treatment 349 74
IRI (29% with BEV, 21% with CET) or IROX® 93 20
BIO only (70% CET) 30 6

BIO only (58% CET, 27% PAN, 25% BEV) Discontinued treatment 94 74
IRI, OX,? or BIO only® 33 26

“Fewer than 12 people in the category.

Abbreviations: BEV, bevacizumab; BIO, any biologics; CET, cetuximab; IRI, irinotecan; IROX, irinotecan and oxaliplatin; OX, oxaliplatin; PAN, panitumumab.

metastatic colorectal cancer patients with median age of 62
and found that bevacizumab use was highest in first-line
treatment, but as treatment progressed beyond first line,
cetuximab use increased [19].

Although the utilization of second-line biologics, as a
group, remained steady, cetuximab receipt declined consider-
ably in the second half of the observation period. At its peak in
2007, roughly one of three patients (28%) initiated second-line
treatment with a cetuximab-containing regimen. In compar-
ison, only one of five (19%) patients was given cetuximab in
2010. We believe that this decline was caused by increased
KRAS testing.

Our multivariable results showed that older patients and
patients with comorbidities were less likely to be treated
with biologics. Low income also had a negative effect on
the odds of receiving biologics. Finally, we observed signifi-
cant disparities in access to biologic therapy across racial
groups.

The strengths of the current study included using
population-based claims data of elderly patients, who are
often under-represented in clinical trials, and the use of a
claims-based algorithm to identify lines of treatment, which
allowed us to document how biologics use changed along the
treatment continuum.

www.TheOncologist.com

The primary limitation of our study was using older data
(despite being the latest SEER-Medicare data available to
researchers). A second limitation was the lack of KRAS and
other test results, which are not reported on claims. A third
limitation was that patients who started treatment with
cetuximab (or panitumumab), and then stopped because of
their KRAS test results, were still identified as cetuximab (or
panitumumab) users.

Future research could assess the utilization patterns and
rates of targeted therapies and genetic testing in commercial
and more current datasets.

CONCLUSION

One of two elderly (age =66 years) SEER-Medicare patients in
our study received targeted therapy as part of treatment for
metastatic colon cancer disease. Initiation of biologics varied
from year to year, fluctuating between 46% and 63% of first-
line treatment regimens and 67% and 73% of second-line
treatment regimens.

Bevacizumab accounted for virtually all biologics use in
first line, and 68% in second line. One of three targeted
therapy treatmentsin second line included cetuximab, which
was the most frequently used biologic in third line (48% of
biologics use). Panitumumab saw little use in second-line
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Table 3. Unadjusted rates of biologics treatment by patient characteristics

Use of Biologics in Metastatic Colon Cancer

All Treated Patients

Treated With

Treated Without

(n = 4,545) Biologics (n = 2,504) Biologics (n = 2,041)
Characteristic n % n % n % p value
Age (yr) <.01
66—69 1,000 22 623 24.9 377 18.5
70-74 1,213 26.7 717 28.6 496 24.3
75-79 1,196 26.3 628 25.1 568 27.8
80-84 784 17.2 382 15.3 402 19.7
=85 352 7.7 154 6.2 198 9.7
Race and ethnicity 43
White non-Hispanic 3,663 80.6 2,040 81.5 1,623 79.5
White Hispanic 222 4.9 117 4.7 105 5.1
African American 440 9.7 231 9.2 209 10.2
Other 220 4.8 116 4.6 104 5.1
Gender .14
Male 2,239 49.3 1,258 50.2 981 48.1
Female 2,306 50.7 1,246 49.8 1,060 51.9
Married .17
Yes 2,594 57.1 1,452 58.0 1,142 56.0
No 1,951 429 1,052 42.0 899 44.0
Me_dicare state buy-in <.01
assistance
Yes 537 11.8 267 10.7 270 13.2
No 4,008 88.2 2,237 89.3 1,771 86.8
Urban living area .33
Yes 4,064 89.4 2,249 89.8 1,815 88.9
No 481 10.6 255 10.2 226 111
Charlson Comorbidity Index <.01
0 2,858 62.9 1,626 64.9 1,232 60.4
1 1,052 23.1 560 224 492 241
2 369 8.1 191 7.6 178 8.7
3+ 266 5.9 127 5.1 139 6.8
Myocardial infarction .03
Yes 83 1.8 36 1.4 47 2.3
No 4,462 98.2 2,468 98.6 1,994 97.7
Chronic heart failure <.01
Yes 283 6.2 122 4.9 161 7.9
No 4,262 93.8 2,382 95.1 1,880 92.1
Cerebrovascular disease .02
Yes 190 4.2 89 3.6 101 4.9
No 4,355 95.8 2,415 96.4 1,940 95.1
Chronic obstructive <.01
pulmonary disease
Yes 443 9.7 215 8.6 228 11.2
No 4,102 90.3 2,289 91.4 1,813 88.8
Chronic renal failure 4
Yes 117 2.6 60 2.4 57 2.8
No 4,428 97.4 2,444 97.6 1,984 97.2
Peripheral vascular disease 31
Yes 147 3.2 75 3.0 72 3.5
No 4,398 96.8 2,429 97.0 1,969 96.5
Diabetes mellitus 73
Yes 976 21.5 533 21.3 443 21.7
No 3,569 78.5 1,971 78.7 1,598 78.3
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Table 4. Adjusted rates of biologics treatment by patient characteristics

Treated with Biologics®
Characteristic Odds Ratio 95% Confidence Interval p value
Age (yr) (reference: 66—69)

70-74 0.82 0.68 0.99 .04

75-79 0.62 0.52 0.76 <.01

80-84 0.50 0.40 0.61 <.01

=85 0.35 0.27 0.46 <.01
Race (reference: white non-Hispanic)

African American 0.77 0.61 0.97 .03

White Hispanic 0.74 0.54 1.02 .06

Other 0.86 0.62 1.21 .38
Sex (reference: male)

Female 0.95 0.83 1.09 46
Married 1.02 0.89 1.18 .76
Medicare state buy-in assistance 0.98 0.96 1.00 .04
Urban living area 1.13 0.89 1.44 .32
Charlson Comorbidity Index (reference: 0)

1 0.83 0.71 0.97 .02

2+ 0.75 0.62 0.91 <.01

Values in bold are significant at p < .05.
#Also controlling for year of cancer diagnosis and cancer registry.

treatment, and it was used by 27% of targeted therapy
patients in third line.

Biologics were most commonly received with oxaliplatinin
first-, irinotecan in second-, and by themselves in third-line
treatment.Treatment progression from first to second line was
primarily driven by the addition or change in chemotherapy
drugs, whereas the progression to third-line treatment was
primarily driven by discontinuation of chemotherapy.

After controlling for sociodemographic and clinical differ-
ences, we found that age, race/ethnicity, low income, and
history of chronic heart failure had a statistically significant
negative effect on the likelihood of receiving biologics among
treated metastatic colon cancer patients.
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