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Abstract
Purpose Bevacizumab is a standard first-line (L1) treatment
for metastatic colorectal cancer (mCRC) patients regardless of
RAS status. This retrospective study examined treatment pat-
terns and outcomes in a community oncology sample of
KRAS mutant mCRC patients treated with chemotherapy
(C) or C plus bevacizumab (CB) in L1.
Methods This study used medical records from the Vector
Oncology Data Warehouse. Eligible patients were con-
firmed KRAS mutant mCRC and received L1 C or CB.
Kaplan-Meier analysis assessed L1 progression-free sur-
vival (PFS) and overall survival (OS). Cox regression
models examined the interaction of tumor location (R/L)
with treatment.
Results CB (n = 264) compared to C (n = 109) patients were
younger, less likely performance status (PS) impaired, and
more likely with liver metastases. Median unadjusted PFS

was 10.41 months (95% CI 9.0–11.3) in CB and 7.66 months
(95% CI 6.5–9.1) in C patients (p = 0.174). Median unadjust-
ed OS was 26.91 months (95% CI 24.3–29.3) in CB and
23.33 months (95% CI 19.7–29.2) in C patients (p = 0.571).
For patients with right- vs. left-sided tumors, C (but not CB)-
treated patients had higher adjusted risk for progression
(HR = 1.715, 95% CI 1.108, 2.653; p = 0.015).
Conclusions CB- vs. C-treated KRASmutant mCRC patients
may have a meaningful PFS benefit. Patients with right-sided
tumors treated with C were at higher risk for disease progres-
sion than patients with left-sided tumors. Tumor location had
no significant effect on outcomes in the CB cohort.

Keywords Standard chemotherapy backbones . VEGF
inhibitors . Tumor location . Overall survival . Real world
outcomes

* Arthur C. Houts
ahouts@vectoroncology.com

Sarika Ogale
ogale.sarika@gene.com

Yousuf Zafar
yousuf.zafar@duke.edu

Joleen M. Hubbard
Hubbard.Joleen@mayo.edu

Sacha Satram-Hoang
sacha@qdresearch.com

Nicolas Sommer
sommer.nicolas@gene.com

Mark S. Walker
mwalker@vectoroncology.com

1 Vector Oncology, 6555 Quince, Suite 400, Memphis, TN 38119,
USA

2 Genentech, Inc., 1 DNAWay, South San Francisco, CA 94080, USA

3 Duke Cancer Institute, 20 Duke Medicine Circle,
Durham, NC 27710, USA

4 Mayo Clinic, 200 1st St SW, Rochester, MN 55905, USA

5 Q.D. Research, Inc., 8777 Auburn Folsom Rd., Suite C501, Granite
Bay, CA 95746, USA

J Gastrointest Canc (2019) 50:16–22
https://doi.org/10.1007/s12029-017-0017-8

mailto:ahouts@vectoroncology.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s12029-017-0017-8&domain=pdf


Introduction

Colorectal cancer (CRC) is the second leading cause of cancer
death in the USA. In 2017, it is projected that 135,430 people
will be diagnosed with CRC and 50,270 people will die from
the disease [1]. About 20% of newly diagnosed patients pres-
ent with metastatic disease, and among those, about 80–90%
of patients’ tumors are unresectable [2].

The current approach to treating metastatic CRC (mCRC)
includes doublet combinations of fluorouracil, leucovorin,
and irinotecan (FOLFIRI); infusional fluorouracil, leucovorin,
and oxaliplatin (FOLFOX); and capecitabine plus oxaliplatin
(XELOX), as well as the triplet combination fluorouracil,
leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) [3–5].
The introduction of targeted biologic agents (cetuximab,
panitumumab [epidermal growth factor receptor (EGFR) in-
hibitors], bevacizumab, ziv-aflibercept, ramucirumab [vascu-
lar endothelial growth factor (VEGF) inhibitors], regorafenib
[multiple kinase inhibitor]) into clinical practice has improved
response rates and overall survival (OS) [6–11].

Bevacizumab, a VEGF inhibitor, has demonstrated OS
benefit in first-line and second-line mCRC [12], and retro-
spective analyses have shown that the clinical benefit of
bevacizumab in mCRC is independent of KRAS mutation
status [13]. In contrast, benefits of anti EGFR are limited to
KRAS wild-type (WT) patients, and patients with KRAS mu-
tations should not receive treatment with EGFR inhibitors
[14–16].

This study was a retrospective, descriptive study of treat-
ment patterns and outcomes among KRAS mutant mCRC
patients who received chemotherapy alone (C) or chemother-
apy plus bevacizumab (CB) as part of first-line treatment for
metastatic disease in the community oncology setting.We also
examined tumor location (right side vs. left side) as a predictor
of outcomes. Previous investigation indicated that among
KRAS wild-type patients, those treated with bevacizumab-
containing regimens did not show significantly different out-
comes by tumor side, and we sought to examine tumor sided-
ness comparably in a sample of KRAS mutant patients [17].

Patients and Methods

Study Design

This was a retrospective, observational study using data from
the Vector Oncology Data Warehouse, a repository of elec-
tronicmedical record (EMR) data, billing data, and health care
provider notes for cancer patients. The provider notes support-
ed the collection of key information not otherwise available in
structured data fields (e.g., performance status, confirmation
of and dates for disease progressions, tumor location) through
review by experienced Clinical Research Nurses. The

protocol for this study received institutional review board ap-
proval from IntegReview (Austin, TX).

Patients

Patients were included if the following criteria were met:
metastatic/stage IV CRC first diagnosed prior to 03/01/2014,
documentation of KRAS testing with affirmation of mutant-
type status at any point, received C or CB in the first-line
metastatic setting, and at least 18 years old at metastatic diag-
nosis. Altogether, records from 3825 patients were examined
for potential eligibility, and a final sample of 374 was accrued
for this study. Of the potential sample, 2973 (77.7%) were
screened out for not meeting the KRAS mutant confirmed
criterion.

Study Endpoints and Assessments

The primary endpoints were progression-free survival (PFS)
and overall survival (OS). PFS was defined as the interval
from the start of a line of therapy until occurrence of disease
progression, death, or end of the medical record, whichever
occurred first. Dates of all disease progressions after diagnosis
of mCRC were directly determined from radiological scan
notes and oncologist progress notes. OS was defined as the
interval from the start of first-line therapy until death. Dates of
death were determined from the medical record and Social
Security Death Index.

Treatment patterns included classification of patients to a
first-line therapy group (C or CB) and included description of
oxaliplatin- and irinotecan-based chemotherapy backbones.
Lines of treatment were defined by occurrence of a document-
ed disease progressions rather than mere changes in treatment
regimen as some patients may have changed therapy before a
disease progression. Eligibility for the study and classification
to group (C or CB) was based on first-line treatment regimen.

Other study variables collected as part of this investigation
included patient demographic (age, race, sex) and clinical
(performance status, number of metastatic sites, side of prima-
ry tumor location, prior adjuvant therapy status, primary tu-
mor resection status, and lines of therapy after first line)
characteristics.

Statistical Analysis

Fisher’s exact test or Chi-square, and t test or Wilcoxon rank
sum test were used to compare patient characteristics by treat-
ment groups on categorical or continuous variables, respec-
tively. Unadjusted PFS and OS were calculated using Kaplan-
Meier estimator and compared across groups with a log rank
test. PFS and OSwere assessed from the start of line 1, and the
primary comparison groups were C and CB regimen groups.
We also conducted subset analyses of PFS and OSwithin each
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regimen group where patients were divided into those with
left- vs. right-sided tumors. Multivariate Cox regression
models with covariates (age, gender, race [minority vs.
white]), body mass index (BMI), performance status [im-
paired vs. unimpaired], liver metastasis [present vs. absent],
lung metastasis [present vs. absent], stage at diagnosis [I/II
and III vs. IV], chemotherapy backbone [irinotecan,
capecitabine/5FU monotherapy, and other vs. oxaliplatin]
were also used to examine PFS and OS.

Results

Patient Characteristics

Table 1 shows the demographic and clinical characteristics of
patients at the time of metastatic diagnosis and start of first-
line treatment by first-line therapy group (C, n = 109 and CB,
n = 264) and overall. On average, patients in the C group were
older (62.7 years) than patients in the CB group (59.1 years),
p = 0.0108. Otherwise, the two patient groups were not sig-
nificantly different in basic demographic characteristics. A
higher percentage of C patients (11.0%) were performance
status impaired on a composite measure of performance status
as compared to CB patients (4.5%), p = 0.0207. A higher
percentage of CB patients (76.1%) had liver metastases as
compared to C patients (65.1%), p = 0.0297. A higher per-
centage of CB patients had no history of liver resection
(65.2%) compared to that of C patients (51.4%), p = 0.0418.
There were no other significant differences in clinical charac-
teristics between the two patient groups.

Treatment Patterns

Among the 109 C patients, the most common single regimen
was FOLFOX, which comprised 43.1% (47/109) of that
group, and the second most common was capecitabine mono-
therapy, which comprised 18.3% (20/109) of that group. The
most common CB regimen was FOLFOX + Bev which com-
prised 61.7% (n = 163/264) of this group, and the secondmost
common regimen was FOLFIRI + Bev which comprised
16.7% (n = 44/264) of this group.

PFS and OS in Line 1

Figure 1 shows the Kaplan-Meier plot of PFS from the start of
line 1 by first-line therapy group. Median unadjusted PFS was
7.66 months (95% CI 6.5, 9.1) for C-treated patients and
10.41 months (95% CI 9.0, 11.3) for CB-treated patients. In
multivariate survival analysis, the improvement in PFS among
patients receiving CB compared to patients receiving C
(HR = 0.817, 95% CI 0.627, 1.063) was not statistically sig-
nificant. In this Cox model of PFS, the presence (vs. absence)

of liver metastases (HR = 1.393, 95% CI 1.062, 1.828) and
lung metastases (HR = 1.289, 95% CI 1.020, 1.628) were
identified as significant predictors of risk for disease progres-
sion, all ps < 0.033.

Figure 2 shows Kaplan-Meier plot of OS from the start of
line 1, by first-line treatment group. Median unadjusted OS
was 23.33 months (95% CI 19.7, 29.2) for C-treated patients
and 26.91months (95%CI 24.3, 29.3) for CB-treated patients.
In multivariate survival analysis, the improvement in OS
among patients receiving CB compared to patients receiving
C (HR = 0.879, 95% CI 0.658, 1.174) was not statistically
significant. As in the analyses for PFS, the presence of liver
metastases (HR = 1.391, 95% CI 1.032, 1.876) and impaired
performance status (HR = 1.807, 95% CI 1.103, 2.962) were
the only significant predictors of mortality, all ps < 0.030.

PFS and OS by Tumor Location

We conducted subset analyses for each treatment group to
examine effects of tumor location (right vs. left, and unknown
vs. left). For the CB group, neither Kaplan-Meier nor Cox
regression analyses showed a significant effect for tumor lo-
cation in predicting first-line PFS. For the C group, there was a
significant effect in the multivariate model (though not in
Kaplan-Meier) for tumor location such that right- vs. left-
sided tumor location was associated with significant and
meaningful increased risk (72% increase) for disease progres-
sion (HR = 1.715, 95% CI 1.108, 2.653), p = 0.015. The same
subset analyses were conducted for OS from the start of first-
line treatment, and there were no significant effects for tumor
location.

Discussion

One aim of this study was to provide a retrospective descrip-
tion of patients and treatment patterns in a sample of commu-
nity oncology mCRC patients who had a confirmed status of
being KRAS mutant and who received first-line treatment
with either CB or C. In terms of patient characteristics, the C
patients were on average about 3 years older than the CB
patients, and proportionately, more of the C patients were
performance status impaired (11 vs. 5%). On the other hand,
more of the CB patients had liver metastases (76 vs. 65%), but
otherwise, the C- and CB-treated patients were generally com-
parable. Asmight be expected in a US sample, for both groups
of patients, FOLFOX-based chemotherapy regimens were
more common than other chemotherapy backbones [4, 18].

The second aim was to assess treatment outcomes. The
comparison of outcomes for CB- vs. C-treated patients sug-
gests that there might be clinically meaningful benefit in me-
dian PFS for the CB-treated patients (2.75 months), but that
difference was not statistically significant in this study. The
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small sample size likely contributed to the lack of statistical
significance. This interpretation of the present study is sup-
ported by evidence from two other investigations. First, in a
phase III placebo-controlled trial of FOLFOX or XELOX plus
bevacizumab, the median PFS difference between CB and C
was 1.4 months, which was statistically significant with a
large sample of 1401 patients [19]. Second, the point estimate

for median PFS in the CB group from the present study
(10.41 months [95%CI 9.0, 11.3]) was similar to that reported
in a similar group of KRAS mutant mCRC patients (n = 658)
treated with CB regimens from a European registry study
(11.4 months) [20].

We found that CB-treated patients did not show a differ-
ence in risk for disease progression as a function of tumor

Table 1 Demographic and
clinical characteristics of mCRC
patients treated in first line with
chemotherapy alone or
chemotherapy plus bevacizumab

Variable/statistic First-line treatment

Chemotherapy alone

(N = 109)

Chemotherapy +
bevacizumab

(N = 264)

Overall sample

(N = 373)

p valuea

Age (years) at mCRC diagnosis

Mean + SD 62.7 ± 12.79 59.1 ± 11.99 60.2 ± 12.32 0.0108
Median 62.2 58.7 59.4

Gender, n (%)

Male 54 (49.5) 143 (54.2) 197 (52.8) 0.4157

Race, n (%)

Black or African
American

35 (32.1) 74 (28.0) 109 (29.2) 0.6684

Other 1 (0.9) 6 (2.3) 7 (1.9)

Not documented 3 (2.8) 5 (1.9) 8 (2.1)

White 70 (64.2) 179 (67.8) 249 (66.8)

Composite performance status, n (%)

Impairedb 12 (11.0) 12 (4.5) 24 (6.4) 0.0207
Not impaired 97 (89.0) 252 (95.5) 349 (93.6)

Metastatic site(s), n (%)

Bone 5 (4.6) 8 (3.0) 13 (3.5) 0.5357

Brain 1 (0.9) 2 (0.8) 3 (0.8) 1.0000

Liver 71 (65.1) 201 (76.1) 272 (72.9) 0.0297

Lung 42 (38.5) 89 (33.7) 131 (35.1) 0.3751

Other site 24 (22.0) 75 (28.4) 99 (26.5) 0.2036

Peritoneum 19 (17.4) 45 (17.0) 64 (17.2) 0.9284

Small intestine 2 (1.8) 4 (1.5) 6 (1.6) 1.0000

Total number of metastatic sites

Mean ± SD 1.5 ± 0.70 1.6 ± 0.77 1.6 ± 0.75 0.2372

Side of primary tumor location, n (%)

Left 55 (52.4) 136 (53.3) 191 (53.1) 0.9802
Right 50 (47.6) 119 (46.7) 169 (46.9)

Undocumented 4 (3.7) 9 (3.4) 13 (3.5)

Primary tumor still in place at time of metastatic diagnosis, n (%)

No 73 (67.0) 162 (61.4) 235 (63.0) 0.3624
Yes 36 (33.0) 98 (37.1) 134 (35.9)

Undocumented 0 (0.0) 4 (1.5) 4 (1.1)

Liver resection, n (%)

Yes 15(13.8) 29 (11.0) 44 (11.8) 0.0418
No 56 (51.4) 172 (65.2) 228 (61.1)

Undocumented 38 (34.7) 63 (23.9) 101 (27.1)

aP-values are from a Chi-square or Fisher’s exact test for categorical variables and a t test or Wilcoxon rank sum
test for continuous variables
b Eastern Cooperative Oncology Group (ECOG) 2+ or text reference to impaired performance status equivalent to
ECOG 2+
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sidedness. However, for C-treated patients, those with right-
sided tumors had a significantly higher risk for disease pro-
gression as indicated by multivariate survival analyses. Other
investigations of tumor sidedness have also suggested that
patients with right-sided tumors may be at greater risk for
disease progression and have worse outcomes compared to
patients with left-sided tumors, but those previous observa-
tions were confined to patients with KRAS wild-type tumors
and did not include patients with KRAS mutant tumors [17,
21]. Results showing less favorable outcomes for right-sided
tumors in the KRAS wild-type population were most pro-
nounced in patients treated with chemotherapy plus
cetuximab. Our findings in a sample of KRAS mutant

mCRC patients treated with chemotherapy without a bio-
logic agent suggest that tumor sidedness may be a general
predictor of worse outcomes. The fact that CB-treated pa-
tients did not show poorer outcomes associated with right-
vs. left-sided tumor may be hypothesis generating. The ad-
dition of B to C may confer some survival benefit to pa-
tients with right-sided tumors even among those patients
who are not KRAS wild type.

This study has some limitations. Sample size for the C
group was small because many more patients were available
who had treatment with CB. Bevacizumab approval for
mCRC was first issued in February 2004 and has become
widely used alongside standard chemotherapy backbones. It
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Fig. 1 Progression-free survival
from the start of first-line treatment
by chemotherapy only (C) and
chemotherapy plus bevacizumab
(CB) groups

Fig. 2 Overall survival from the
start of first-line treatment by
chemotherapy only (C) and
chemotherapy plus bevacizumab
(CB) groups



is noteworthy that our sample of C patients was more likely to
be older and have some performance status impairment, fac-
tors that may well have led to the decision to treat without
adding bevacizumab. It is also possible that these Bselection^
differences accounted for the apparent efficacy advantages of
adding B to C.

Conclusion

This study provides additional real-world evidence that the
addition of bevacizumab to standard chemotherapy backbones
in KRAS mutant mCRC patients may add clinical benefit
compared to standard chemotherapy without bevacizumab.
Further researchwith larger sample sizes is required to confirm
the findings of this exploratory study.
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