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Background: Currently available third- or later-line therapy for metastatic colorectal cancer
(mCRC) is limited in its efficacy, with a weak survival benefit in patients who progressed after
two or more lines of standard therapy. Our retrospective study aimed to explore the value of
bevacizumab plus chemotherapy in this setting.

Methods: Patients with mCRC who received fluoropyrimidine, oxaliplatin, and irinotecan
as first- and second-line chemotherapy were selected for inclusion. Treatment consisted of
bevacizumab plus chemotherapy. Chemotherapy consisted mainly of oxaliplatin, irinotecan,
and fluoropyrimidine.

Results: Between February 2010 and December 2012, 35 consecutive patients with mCRC
were treated with bevacizumab plus chemotherapy as a third- or later-line treatment. No
complete responses, seven partial responses (20%), 22 stable disease responses (62.9%), and
six progressive disease responses (17.1%) were obtained, producing an objective response
rate of 20% and a disease control rate of 82.9%. With a median follow-up of 11.3 months
(range: 0.7-48.0 months), the median progression-free survival was 5.98 months (95% con-
fidence interval: 4.76—7.2 months), and the median overall survival was 14.77 months (95%
confidence interval: 11.45-18.1 months). In the univariate analysis, patients with a primary
colon tumor might have had a longer overall survival than patients with a primary rectal
tumor (18.8 months vs 11.1 months, respectively; P=0.037). Common chemotherapy-related
toxicities were nausea/vomiting (48.6%), fatigue (34.3%), leucopenia (40%), neutropenia
(42.9%), and anemia (42.9%), with one patient with grade 3 neutropenia, and two patients
with grade 3 thrombocytopenia. The common bevacizumab-associated toxicity was hyper-
tension (31.4%). None of the patients discontinued therapy or died because of bevacizumab-
associated toxicities.

Conclusion: Our data showed that adding bevacizumab to third- or later-line therapy might
lead to tumor control and improved survival in heavily pretreated mCRC patients. In addi-
tion, preliminary data suggested that primary colon cancer was more likely to benefit from
bevacizumab-containing regimens. Toxicities were acceptable, and no new toxicity was identi-
fied. Further studies are needed to validate these findings.
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Introduction

Worldwide, colorectal cancer is the third most commonly diagnosed cancer in males
and the second most common in females, with an estimated 1.4 million cases and
693,900 deaths occurred in 2012.! Approximately 40%-50% of newly diagnosed
patients have metastatic disease, and the prognosis for metastatic colorectal cancer
(mCRC) patients remains poor.? At the present, chemotherapy with or without target
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agents was the preferred therapeutic option. Cytotoxic agents
for these patients, such as fluoropyrimidines, oxaliplatin, and
irinotecan (used in combination and sequentially), prolong
progression-free survival (PFS) and overall survival (OS).}
Furthermore, monoclonal antibodies targeting vascular
endothelial growth factor (VEGF; bevacizumab) and mono-
clonal antibodies targeting epidermal growth factor recep-
tor (EGFR; cetuximab and panitumumab, specific for R4S
wild-type tumors) have increased the median OS to nearly
30 months.* However, many patients will experience disease
progression after two or more lines of standard therapy and
still have a good performance status. Therefore, it is neces-
sary to explore additional treatments for these patients.

To the best of our knowledge, at least three randomized
controlled trials (RCTs) have explored the role of third- or
later-line therapy with a survival benefit in mCRC that has
progressed after two or more lines of standard therapy.
CORRECT first reported that regorafenib might add a survival
benefit in these patients, with an objective response rate (ORR)
of 1%, a PFS of 1.9 months and an OS of 6.4 months.? In 2015,
at the American Society of Clinical Oncology Gastrointestinal
Symposium, Xu et al reported that famitinib also shows a PF'S
advantage over best supportive care (BSC) in patients with
mCRC that progresses after all approved standard therapies
(2.8 months vs 1.5 months, respectively; P=0.0053).° In a
Japanese Phase II trial, TAS-102 showed a small superior
efficacy with an ORR of 1%, a PFS of 2 months, and an OS
of 9 months.® Nevertheless, the absolute survival benefit from
both tyrosine kinase inhibitors (TKIs) and TAS-102 is limited.
Much effort is needed to explore more effective therapies and
improve the survival of these patients.

Bevacizumab is a recombinant, humanized monoclonal
antibody targeting VEGF A (VEGF-A), which is a key
mediator of tumor angiogenesis. In mCRC, bevacizumab
has shown excellent efficacy in both first- and second-line
settings in combination with either irinotecan- or oxaliplatin-
based chemotherapy.™® The ML18147 (TML) and BEBYP
trials further demonstrated that bevacizumab can be contin-
ued after failing a first-line bevacizumab-containing regi-
men; these trials showed a significant improvement in PFS
and OS.”!° However, data on the efficacy of bevacizumab
in chemorefractory mCRC patients are still limited,'"'7 and
no data have ever been reported in Chinese patients in this
setting.

The current retrospective study was intended to evaluate
the efficacy and safety of bevacizumab plus chemotherapy in
Chinese patients with mCRC who have failed two or more
lines of standard therapy.

Methods

Patients

Histologically confirmed and measurable stage IV CRC
patients who were heavily pretreated with oxaliplatin-
containing and irinotecan-containing chemotherapy at
Sun Yet-sen University Cancer Center between February
2010 and December 2012 were retrospectively reviewed.
Prior target drug treatment, such as bevacizumab, cetux-
imab, and panitumumab, was allowed. Other criteria for
eligibility were 1) Eastern Cooperative Oncology Group
(ECOQG) performance scores (PSs) of 0, 1, or 2; 2) adequate
hepatic function (bilirubin <2.0 mg/dL and transaminases
levels <3 times the upper normal limit [five times for
patients with liver metastasis]); 3) adequate renal function
(creatinine <1.5 mg/dL); 4) adequate bone marrow func-
tion (absolute neutrophil count [ANC] >1,500/uL, hemo-
globin >9.0 g/dL, and platelets >75,000/uL); and 5) a life
expectancy of >3 months. Written informed consent was
required before chemotherapy.

Exclusion criteria included nonhealing wounds, ulcers,
bone fractures, thromboembolism that required therapeutic
anticoagulation, or major surgery within 6 weeks. Other
exclusion criteria were uncontrolled hypertension, bleeding
diathesis, active or recent cardiovascular disease or cere-
brovascular accident, and pregnancy or lactation in women.
The pretreatment characteristics of the patients are presented
in Table 1.

Treatment
The Institutional Review Board of the Sun Yat-sen Cancer
Center approved this retrospective study. After careful review,
35 patients met the eligibility criteria and were included in this
retrospective study. All the patients received the first dose of
bevacizumab after February 2010, when bevacizumab was
approved for mCRC in People’s Republic of China.
Among the 35 patients, 13 received bevacizumab plus
FOLFOX, 17 received bevacizumab plus FOLFIRI, two
received bevacizumab plus XELOX, one received bevaci-
zumab plus XELIRI, one received bevacizumab plus irino-
tecan, and one received bevacizumab plus gemcitabine and
raltitrexed. Bevacizumab at a dose of 5 mg/kg or 7.5 mg/kg
was administered intravenously (IV) over 90 minutes every
2 or 3 weeks prior to the administration of chemotherapy.
FOLFIRI consisted of irinotecan (180 mg/m?) IV over 2 hours
and leucovorin (400 mg/m?) IV over 2 hours, followed by an
IV bolus of fluorouracil (5-FU) (400 mg/m?) and 46 hours
of continuous 5-FU 1V (2,400 mg/m?). FOLFOX consisted
of oxaliplatin (85 mg/m?) IV over 2 hours and leucovorin
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Table | Baseline demographics and clinical characteristics

Characteristics No of patients, N (%)

Total 35

Sex
Men 27 (77.1)
Women 8 (22.9)

Age (years)

Median (range) 56 (29-80)
=65 30 (85.7)
>65 5(14.3)

ECOG PS
0 1(29)
| 33 (94.3)
2 1(2.9)

Primary tumor site
Colon 24 (68.6)
Rectum 11 (31.4)

No of metastatic sites
| 2 (5.7)

2 0 (0)
=3 33 (94.3)

KRAS status
Wild-type 17 (48.6)
Mutation type 10 (28.6)
Unknown 8 (22.8)

Chemotherapy associated with BV
Oxaliplatin-containing 15 (42.9)
Irinotecan-containing 19 (54.3)
Other 1(2.8)

Line of bevacizumab
3 29 (82.9)
=4 6 (17.1)

Previous target treatment
Anti-VEGF 9 (25.7)
Anti-EGFR 10 (28.6)
Neither 16 (45.7)

Pretreatment LDH
Normal 20 (57.1)
Abnormal 13 (37.2)
Not reported 2(5.7)

Abbreviations: BV, bevacizumab; ECOG, Eastern Cooperative Oncology Group;
EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene;
LDH, lactate dehydrogenase; PS, performance status; VEGF, vascular endothelial
growth factor.

(400 mg/m?) IV over 2 hours, followed by an IV bolus of
5-FU (400 mg/m?) and 46 hours of continuous 5-FU IV
(2,400 mg/m?). XELOX consisted of oxaliplatin at a dose of
130 mg/m? as 2—6 hours of infusion on day 1 and Xeloda at a
dose of 1 g/m? twice daily on day 1 to day 14 every 3 weeks.
XELIRI consisted of irinotecan at a dose of 125 mg/m? as a
90-minute infusion on day 1 and day 8 and Xeloda at a dose
of 1 g/m? twice daily on day 1 to day 14 every 3 weeks. Three-
weekly irinotecan was at a dose of 350 mg/m?. Gemcitabine
and raltitrexed consisted of gemcitabine at a dose of 1 g/m?asa
30 minute infusion on day 1 and day 8 and raltitrexed at a dose

of 3 mg/m? as a 15 minute infusion on day 1 every 3 weeks.
The bevacizumab plus chemotherapy treatment was continued
until disease progression or intolerance of therapy.

Assessment

The primary endpoint was OS, and secondary endpoints
were ORR, PFS, and toxicity. Descriptive statistics were
reported as proportions and medians. Tumor responses were
assessed by RECIST 1.1 criteria every 6—8 weeks. Radiologic
evaluation consisted of chest and abdominopelvic computed
tomography. PFS was defined as the time from the beginning
of bevacizumab as the third- or later-line treatment to disease
progression or death. OS was defined as the time from the
beginning of bevacizumab as the third- or later-line treatment
to death from any cause. Toxicity evaluations were based
on the NCI Common Toxicity Criteria for Adverse Events
(CTCAE), version 4.0.

Statistical analysis

Survival curves were estimated using the Kaplan—Meier
method. All the analyses were performed using SPSS 16.0
for Windows. A P-value less than 0.05 was considered to
indicate statistical significance.

Results

Patient characteristics

Between February 2010 and December 2012, 35 consecutive
patients with mCRC were treated with bevacizumab plus
chemotherapy (mainly oxaliplatin- or irinotecan-containing
regimens) as a third- or later-line treatment. Until April 30,
2015, the median follow-up time was 11.3 months (range:
0.7-48.0 months). The median patient age was 56 years
(range: 29-80 years). The ECOG performance status was
0or 11in 97.2% of the patients. Thirty-three (94.3%) patients
had more than three metastatic sites. The previous chemo-
therapy regimens were irinotecan-containing or oxaliplatin-
containing in 30 patients (85.7%), such as FOLFOX,
FOLFIRI, and XELOX. The dosage, chemotherapy interval,
and cycles were strictly based on the guidelines. Prior to this
study, 19 patients had received anti-VEGF- or anti-EGFR-
containing therapy (Table 1). All 35 patients identified in
this study had progressed on prior therapy according to the
RECIST 1.1 evaluation standard. Therefore, these patients
were considered as treatment-refractory cases in this study.

Efficacy
Of the 35 patients, 100% (35/35) and 62.9% (22/35) of
patients had experienced progression or died at the last
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Table 2 Response to treatment

Response Number (%)
Complete response (CR) 0(0)

Partial response (PR) 7 (20)

Stable disease (SD) 22 (62.9)
Progressive disease 6 (17.1)

Not assessable 0(0)
Objective response (CR + PR) 7 (20)
Disease control (CR + PR + SD) 30 (82.9)

follow-up. The median number of cycles of bevacizumab
treatment was 6 (range: 2—17). Treatment discontinuation
was caused by disease progression (29/35, 82.9%), inability
to tolerate treatment (2/35, 5.7%), palliative surgery (3/35,
8.6%), or another reason (1/35, 2.9%). The response rates
were as follows: no patient had a complete response, seven
patients had a partial response (PR) (20%), 22 patients had
stable disease (62.9%), and six patients had progressive dis-
ease (17.1%), giving an ORR of 20% and a disease control
rate of 82.9% (Table 2). The median PFS was 5.98 months
with a 95% confidence interval of 4.76—7.2 months. The
median OS was 14.77 months with a 95% confidence interval
of 11.45-18.1 months (Figure 1). In the univariate analysis,
the patient’s age, sex, number of metastatic sites, status of
Kirsten rat sarcoma viral oncogene (KRAS) mutation, prior
anti-VEGF or anti-EGFR treatment, and pretreatment lactate
dehydrogenase (LDH) level were not associated with PFS
or OS. The OS was 18.56 and 13.77 months for patients
treated with or without prior anti-VEGF, respectively;
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Figure | Kaplan—Meier estimates of progression-free (A) and overall survival (B).

however, there was no statistically significant difference
(P=0.58). However, the ORR (all PR) was 42.9% (6/14) in
pretreatment high-LDH-level patients, which was higher than
the 4.8% (1/21) ORR in pretreatment low-LDH-level patients
(P=0.01). Patients with a primary colon tumor may have had
a longer OS than patients with a primary rectal tumor, but
the PFS was not prolonged (median OS: 18.8 months vs 11.1
months, respectively; P=0.037).

Safety and toxicity

The 35 patients received 242 cycles of chemotherapy. There
were no treatment-related deaths. Common chemotherapy-
related toxicities were nausea/vomiting (48.6%), fatigue
(34.3%), leucopenia (40%), neutropenia (42.9%), and anemia
(42.9%). Grade 3 neutropenia developed in one patient (2.9%),
and thrombocytopenia developed in two patients (5.7%).
Grade 3 diarrhea and grade 3 aminotransferase elevation were
noted in one patient, respectively. One patient discontinued
therapy because of the intolerance of thrombocytopenia, and
the other patient discontinued because of diarrhea. Hyperten-
sion was the most common bevacizumab-associated toxicity
(31.4%). Grade 1 bleeding, and grade 1 proteinuria occurred
in one patient. No grade 3 or 4 bevacizumab-associated toxici-
ties occurred. Bowel perforation and thrombosis/embolism
were not observed (Table 3).

Discussion
Many mCRC patients still have good performance status
to tolerate further treatment after standard first-line and
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Notes: (A) Median progression-free survival: 5.98 months, 95% confidence interval: 4.76—7.2 months. (B) Median overall survival: 14.77 months, 95% confidence interval:

11.45-18.1 months.
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Table 3 Toxicity of bevacizumab plus chemotherapy in third- or
later-line therapy

Adverse events All grades, N (%) Grade 3/4, N (%)

Hematologic

Leucopenia 14/35 (40) 0

Neutropenia 15/35 (42.9) 1/35 (2.9)

Anemia 15/35 (42.9) 0

Thrombocytopenia 4/35 (11.4) 2/35 (5.7)
Nonhematologic

Fatigue 12/35 (34.3) 0

Nausea/vomiting 17/35 (48.6) 0

Diarrhea 7/35 (20) 1/35 (2.9)

Mucositis 4/35 (11.4) 0

Liver toxicity 8/35 (22.9) 1/35 (2.9)
Bevacizumab-associated AE

Bleeding 2/35 (5.7) 0

Gl perforation/fistula 0 0

Thrombosis/embolism 0 0

Hypertension 11/35 (31.4) 0

Proteinuria 2/35 (5.7) 0

Abbreviations: AE, adverse event; G, gastrointestinal.

second-line therapies, but the alternative third- or later-line
therapeutic regimens are limited, and the efficacy has been
discouraging. Regorafenib was accepted as the third-line
therapy based on better survival than BSC, as it showed a
discouraging result, with a PFS of 1.9 months and an OS
of 6.4 months.? Famitinib and TAS-102 also did not show
better efficacy, with a PFS of 2 months and an OS of 6-9
months.>$ Compared with the low ORR (1%—2.2%) and small
survival benefit in these three RCTs, our study showed a
higher response rate with a PR 0f 20%, a longer median PFS
of 5.98 months and a median OS of 14.77 months.

Prior to our study, several small-sample studies includ-
ing 19-100 patients explored the role of bevacizumab plus
chemotherapy as third- or later-line therapy in mCRC patients
who progressed after all standard treatments. The ORR was
from 0% to 28.5% (median, 9%), the PFS was from 3.5 to

Table 4 Historical data on third- or later-line treatment

8.9 months (median, 3.9 months), and the OS was from 7.7
to 13.8 months (median, 9.5 months). The details are shown
in Table 4.7 Together with those studies, our data suggest
that adding bevacizumab to third- or later-line therapy in
mCRC patients may lead to tumor control and improved
survival. The following reasons may contribute to the poten-
tial advantages of bevacizumab in third- or later-line therapy.
First, bevacizumab not only inhibits neoangiogenesis, but
also normalizes the surviving tumor blood vessels. The later
effect results in the accumulation of cytotoxic agents in the
tumor, which may enhance the efficacy of chemotherapy.
Second, bevacizumab adding a survival advantage as a part of
cross-line treatment might imply treatment failure mainly due
to resistance to cytotoxic agents but not to anti-angiogenesis
drugs.”!'” Moreover, the success of bevacizumab in first- and
second-line treatment”® and the success of regorafenib and
famitinib in later-line therapy*® suggest that anti-angiogenesis
may play a role throughout the whole course of treatment.
After an indirect comparison of later-line treatments, the
promising survival benefit of bevacizumab compared with
regorafenib or famitinib suggested not only that head-to-head
RCTs comparing the monoclonal antibodies and TKIs are
urgently needed, but also that anti-angiogenesis should be
combined with chemotherapy, rather than utilized alone, in
patients with a good PS in the later-line setting.

In the subgroup analysis, patients with a primary colon
tumor may have had a longer OS than those with a primary
rectal tumor, which is in accordance with the regorafenib
data from the CORRECT trial.? In our study, PFS before
the beginning of salvage therapy, pretreatment target drugs,
cycles of bevacizumab, chemotherapy regimen, and per-
formance status in salvage therapy were similar in patients
with different primary tumor sites. A subgroup analysis from
a Phase III trial (FIRE-3), which compared head-to-head

References Publication Type of N Treatment  Treatment ORR (%) DCR (%) TTP/IPFS OS
year study line regimen
Grothey et al? 2013 Phase IlI 255 Third or later  Best supportive care 0.4 15.4 1.7 5.0
Grothey et al? 2013 Phase IlI 505 Third or later  Regorafenib 1.0 42.0 1.9 6.4
Emmanouilides et al'' 2004 Cohortstudy 19 Third BV+5-FU/LV 0 474 37 NA
Chen et al"? 2006 Phase Il 100 Third BV+5-FU/LV 4.0 50 3.7 9.1
Kwon et al'? 2007 Pilot study 14 Third BV+FOLFIRI 285 85.7 39 10.9
Kang et al' 2009 Retrospective 42  Third or later BV+FOLFOX/FOLFIRI 9.5 61.9 53 9.5
Geva et al"® 2013 Retrospective 46  Third or later  BV+chemotherapy 22 83 8.9 13.8
Vincenzi et al'® 2009 Phase I 48  Fourth BV+5-FU/LV 6.25 36.65 35 77
Larsen et al'” 2012 Retrospective 34  Fourth BV+Xeloda 9 71 5.4 12.2

Abbreviations: BV, bevacizumab; 5-FU, Fluorouracil; DCR, disease control rate; NA, not assessed; ORR, objective response rate; OS, overall survival; PFS, progression-free
survival; TTP, time to progress; LV, leucovorin; FOLFIRI, Irinotecan plus Fluorouracil plus leucovorin; FOLFOX, Oxaliplatin plus Fluorouracil plus leucovorin.

OncoTargets and Therapy 2015:8

submit your manuscript

2411

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Yang et al

Dove

bevacizumab with cetuximab in first-line therapy, showed
that a primary rectal tumor might benefit from a cetuximab-
containing regimen.* In summary, these studies suggested
that a benefit from the target drugs was associated with the
primary tumor site. Presently, the reason that primary colon
cancer benefits from anti-VEGFR pathway therapy more
than primary rectal cancer has not been elucidated. It was
reported that VEGF-A, the target of bevacizumab, is present
in higher levels in left-sided colon and rectal cancers than in
right-sided colon cancers.'®!

It has been reported that pretreatment LDH levels can
predict the efficacy of first-line bevacizumab-based therapy in
mCRC patients.?*?' Our data did not show that patients with a
pretreatment high LDH level have a longer OS when treated
with third- or later-line bevacizumab-containing therapy.
However, the response rate was 42.9% (6/14) in pretreatment
high-LDH-level patients, which was higher than the 4.8%
(1/21) response rate in pretreatment low-LDH-level patients.
Theoretically, LDH can increase the accumulation of lactate
in tumors and create an acidic tumor microenvironment,
which enhances pericyte deficiency, neovascularization, and
sensitivity to antiangiogenesis agents.’>? Our study could not
predict a role for LDH in third- or later-line therapy. This
might be explained by the limitation of the small sample and
retrospective nature of our study. A larger sample and a pro-
spective study are needed to further answer this question.

The toxicity profile of bevacizumab plus chemo-
therapy seemed to be similar to those observed in previ-
ous studies,""!7 which included chemotherapy-related and
bevacizumab-related toxicities. The common adverse events
related to chemotherapy were leucopenia, anemia, fatigue,
and nausea/vomiting. The common adverse events related to
bevacizumab were hypertension, bleeding, and proteinuria.
These toxicities were tolerable, and no dosage was adjusted
or therapy was interrupted by the toxicity. Two patients
discontinued therapy because of the intolerance of thrombo-
cytopenia and diarrhea. No gastrointestinal perforations and
embolisms occurred, most likely due to the small number
of patients. No patients discontinued therapy because of
bevacizumab-associated toxicities.

Several limitations hampered the generalization of
the present results to all patients with heavily treated
mCRC; these limitations can be partly attributable to the
study’s retrospective nature. First, selection bias cannot
be excluded because only medically fit patients with very
a good performance status might have been treated with
bevacizumab-containing third- or later-line therapy. This
is suggested by the inclusion of only one patient with an

ECOG performance status of 2 in the whole cohort of
bevacizumab-treated patients, which might have led to a
more favorable OS estimate in these patients. Second, the
small cohort in this study may also affect the objectivity of
our data. Third, the PFS evaluation could have been biased
by the fact that neither independent monitoring nor a central-
ized review of the radiological responses was performed in
our study. Fourth, this study had no data on chemotherapy
alone. Nevertheless, our data were equal to or a little better
than previous similar data, which were superior to the results
of chemotherapy alone in the third- or later-line therapy.>*
Finally, there were insufficient data on toxicity, particularly
on peripheral neuropathy associated with oxaliplatin, not
necessarily indicating the absence of peripheral neuropathy
associated with oxaliplatin, but rather the lack of detailed
medical records.

Conclusion

To the best of our knowledge, this was the first study to explore
the role of bevacizumab-containing regimens as third- or later-
line therapy in Chinese patients with heavily treated mCRC.
Our data showed that adding bevacizumab to third- or later-line
therapy may lead to tumor control and improved survival in
mCRC patients. In addition, preliminary data suggested that
primary colon cancer was more likely to benefit from beva-
cizumab-containing regimens as third- or later-line therapy.
Further studies are needed to validate these findings.
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