
Abstract. Aim: Right- and left-sided primary tumors of
colorectal origin differ substantially in several aspects.
Recent retrospective analyses show distinct efficacy of
EGFR-epidermal growth factor receptor (EGFR)-directed
therapies for left- and right-sided primary tumors. Current
treatment guidelines have accommodated these findings such
that for right-sided primary tumors, EGFR-directed therapy
is no longer recommended. Instead, vascular endothelial
growth factor (VEGF)-directed therapies are recommended
frequently in first line, even in tumors with wild-type rat
sarcoma (RAS) status. However, data supporting this
recommendation are scarce. The purpose of this analysis was
to investigate the efficacy of bevacizumab added to
chemotherapy depending on the primary tumor localization
in a retrospective setting. Patients and Methods: From the
central clinical cancer registry of one of Germany’s largest
medical centers, data were analyzed for patients with
metastatic colorectal cancer (mCRC) treated with either
chemotherapy alone (CT) or bevacizumab-containing
regimens (BEV/CT). Results: Of 1,080 documented mCRC
cases within the period of 2003 through 2016, 242 were
treated with chemotherapy alone and 166 with bevacizumab-
containing regimes in any line of therapy meeting the
criterion above. In patients with left-sided primary tumor
localization, a significant survival benefit was found when
bevacizumab was added to chemotherapy. Patients with
right-sided primaries, instead, did not derive any advantage
when bevacizumab was added to chemotherapy. For the
whole group of patients, this translated into a trend towards

improved survival in bevacizumab-treated patients with
mCRC. Conclusion: Adding bevacizumab to chemotherapy
in mCRC may be beneficial only in patients with left-sided
primary tumor, while those with right-sided primary tumors
may have no additional benefit from the addition of
bevacizumab. This hypothesis-generating analysis should
provide a basis for in-depth analysis of this issue in future
prospective trials.

Tumors from different regions of the colon are clinically and
molecularly distinct (1-5). Right-and left-sided tumors differ
substantially in several aspects. Right-sided tumors are more
often found in female patients, have higher TNM staging at
diagnosis, are often mucinous, have greater immunogenicity,
more frequently exhibit microsatellite instability and have
more activating mutations in RAS, proto-oncogene B-raf
(BRAF) and phosphatidylinositol 3-kinase catalytic subunit
(PIK3CA) genes. Left-sided colorectal cancer, instead, has
higher rates of chromosomal instability and more frequent
gene expression profiles corresponding to epithelial growth
factor receptor (EGFR) pathway activation (6-9). The tissue
expression of vascular endothelial growth factor (VEGF)-A,
the target of bevacizumab, has also been demonstrated to
vary depending on the localization of the primary tumor,
with higher expression in the distal colon and rectum than in
the proximal colon (9). These different molecular
characteristics translate into a worse prognosis of the group
of patients with right-sided tumors.

Several analyses have suggested that sidedness may also
be predictive of a treatment benefit from targeted therapies
of the VEGF and EGFR pathways (10-20). For EGFR-
directed therapies, the difference in efficacy according to
sidedness is now widely accepted and further supported by
a recent meta-analysis of several large prospective trials (14).
Therefore, EGFR-directed antibodies as a combination
partner with chemotherapy are no longer recommended in
several national and international treatment guidelines for
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patients with right-sided primary tumor localization (21, 22).
This has prompted the assumption that VEGF-directed
therapies should be used instead. No predictive markers are
clinically available for the selection of patients with
metastatic colorectal cancer (mCRC) for treatment with
bevacizumab. The published data on the predictive value of
primary tumor localization for the efficacy of bevacizumab
are inconclusive.

The purpose of this investigation was to explore the side-
dependent efficacy of bevacizumab in addition to
chemotherapy in colorectal cancer in a hypothesis-generating
approach. We retrospectively analyzed data from a large
clinical cancer registry in Germany for differences in the
efficacy of bevacizumab in addition to chemotherapy.

Patients and Methods

Data source. The data reported here were extracted from the
Augsburg Interdisciplinary Cancer Center Clinical Cancer Registry,
which includes all cancer cases within the catchment area of Swabia
(population size approximately 1.8 million) since 1998. Because of
changes in the cancer registry electronic documentation system and
the European Medicines Agency approval of bevacizumab in
January 2005, our analysis was focused on 1,080 patients with
mCRC treated at least once for any reason related to their malignant
disease at Augsburg Medical Center, regardless of whether their
actual cancer treatment took place there or in private medical
oncology practices.

Definition of cohorts. The case documentation in the registry
comprises gender, age at first diagnosis, date of death, the
localization of the primary tumor according to ICD-10 (23), the first
and sequential lines of systemic therapies, and surgery of metastases
or other locally directed therapies.

Ontogenetically, left-sided colonic cancer derives from the
embryonic hindgut, while right-sided colonic tumors derive from
the embryonic midgut. The demarcation line is the distal third of
the transverse colon. For practical reasons and like the majority of
other clinical reports, our analysis uses the splenic flexure as the
demarcation line. As the register documentation follows the ICD-
10 classification, tumors of the cecum, ascending and transverse
colon were summarized as right-sided tumors (ICD-10 C180-184),
whereas those of the splenic flexure, descending colon, sigmoid and
rectum were recorded as left-sided primaries (ICD-10 C185, C186,
C187, C190-250, C2091-C2096).

After restriction of all registered cases to unambiguously
documented right-or left-sided colon or rectal cancer, and after
exclusion of unclear localizations and double carcinomas, 943
cases remained. Cases not treated with chemotherapy or with only
planned or unknown systemic therapy were excluded from the
analysis. Three patients had to be excluded because there was a
switch from bevacizumab to EGFR antibodies during first-line
therapy; two other patients were excluded because they received
additional imatinib in first line because of malignant
comorbidities. 

Two hundred and forty-two cases comprised the chemotherapy-
only group (CT), in which all other targeted therapies, especially
VEGF-and EGFR-directed therapies, were excluded. 

The bevacizumab plus chemotherapy group (BEV/CT) consisted
of 166 cases. In this group, bevacizumab was administered in any
line of therapy. Patients who received EGFR-directed therapies and
aflibercept were excluded from this cohort. 

A separate cohort comprised 202 cases treated with cetuximab or
panitumumab plus chemotherapy (EGFR/CT). In this cohort,
EGFR-directed therapies were administered in any line of therapy
and VEGF-directed therapies were not excluded.

Chemotherapy was not stratified according to the various
potential regimens. Thus, first-line and further chemotherapy was
any kind of FOLFOX (oxaliplatin, folinic acid, fluorouracil) or
FOLFIRI (irinotecan, folinic acid, fluorouracil) regimen, but also
FUFOX (oxaliplatin, flurorouracil), XELOX (oxaliplatin,
capecitabine), CAPIRI (irinotecan, fluorouracil), capecitabine
monotherapy and different fluorouracil/folinic acid regimens. 

Some cases in the cohort had adjuvant chemotherapy,
neoadjuvant radiochemotherapy, radiotherapy, interventional
radiological procedures or surgery of metastases of liver or lung
before, during or after initiation of first-line systemic therapy for
metastatic disease. To minimize the bias from patients with oligo-
metastatic disease, one cohort was established under exclusion of
patients with resection of liver metastases.

The analyzed endpoints were median survival and probability of
survival. Survival of individual cases was measured from the date
of diagnosis of metastatic CRC to death from any reason.

Data analysis and statistics. The data was analyzed using SAS
(SAS Institute GmbH, Heidelberg, Germany) and, in a second step,
IBM SPSS Statistics (PASW 18; Armonk, NY, USA). The
probability of survival was evaluated using Kaplan–Meier estimates
of survival, and treatment groups were compared with the use of
log-rank test using a 95% confidence interval. p-Values of less than
0.05 were considered significant.

Results

In the period from 2003 to 2016, the registry included 424
patients with mCRC treated either with BEV/CT or CT. Of
these, 166 patients (40.7%) were treated with BEV/CT in any
line of therapy, and 242 (59.3%) comprised the CT group. For
the entire treatment group, 289 patients (70.8%) had left-sided
primaries, whereas 119 patients (29.2%) had right-sided
primary tumor. Of the left-sided primaries, 115 (39.8%) were
treated with BEV/CT and 174 (60.2%) were treated with CT
only. Of the right-sided primaries, 51 (42.9%) were treated
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Table I. Distribution according to primary tumor location and therapy.

Therapy                                Primary tumor location, n (%)

                         Left colon                  Right colon                     Total

BEV/CT            115 (28.2)                    51 (12.5)                  166 (40.7)
CT only             174 (42.7)                    68 (16.7)                  242 (59.3)
Total                  289 (70.8)                  119 (29.2)                  408 (100.0)

BEV: Bevacizumab, CT: chemotherapy only.



with BEV/CT and 68 (57.1%) were treated with CT only
(Table I). The age distribution of the groups was well-balanced
and we found few more men in all subgroups (Table II). For
the entire group of BEV/CT and CT cases together, 21.3% of
patients had resection of liver metastases, reflecting patients
with limited disease. In the BEV/CT group, 25.3% of patients
had resection of liver metastases compared to 18.6% in the
CT-only group. The median follow-up of survivors within the
entire cohort used for this study was 19.8 months. 

In patients with left-sided primaries, there was a median
overall survival of 31.5 months in the BEV/CT group
compared with 18.4 months in the chemotherapy-only group.
This translated into a significant overall survival advantage
favoring bevacizumab-containing regimens in any line of
therapy for patients with left-sided primary tumor (p=0.034;
Figure 1A). In the cohort of right-sided primaries, the median
survival was 21.1 months in the BEV/CT group and 18.6
months in the CT group (not significant upon log-rank testing;
Figure 1B). For the entire group, there was a trend favoring
bevacizumab-containing regimens which did not meet the level
of statistical significance (Figure 1C). When patients with
resection of liver metastases, i.e. oligometastatic cases, were
excluded, the results remained almost the same except that the
survival advantage for bevacizumab-containing regimens in the
whole patient group became significant (Figure 2).

In summary, we found no survival benefit for the addition
of bevacizumab to chemotherapy in patients with right-sided
primary tumor, independently of whether or not they

underwent resection of liver metastases. Patients with left-
sided primaries, instead, did indeed have a benefit when
bevacizumab was added to chemotherapy even when cases
with resection of metastases were excluded. For the whole
patient group, this translated into a non-significant trend
towards improved overall survival in bevacizumab-treated
patients with mCRC. This survival difference in the whole
patient group became statistically significant when cases
having undergone resection of metastases were excluded.

As an internal validation control of patients with CRC
documented in our cancer registry, we also analyzed a group of
202 patients treated with EGFR-directed therapies (cetuximab
or panitumumab) plus chemotherapy in any line of treatment to
compare the results to published meta-analyses. VEGF-directed
therapies were not excluded in this cohort. In the group with
left-sided primary tumor, there was a significant advantage in
the probability of survival for the EGFR/CT group over the CT
group (Figure 3A). This translated into a significant survival
advantage for EGFR/CT in the whole patient group (Figure 3C).
In the 42 cases with right-sided primary tumor, however,
treatment with EGFR/CT in any line resulted in a median
survival of 27.9 months. There was no significant survival
advantage over CT only when EGFR-directed therapies were
used in patients with right-sided primary tumor (Figure 3B).

Taken together, neither the addition of bevacizumab, nor
the addition of EGFR-directed therapies to chemotherapy
had a significant impact on survival in patients with right-
sided primary tumor. 
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Table II. Distribution of the therapy-and primary tumor location according to age and gender.

                                                                   Primary tumor localization                                                                      Therapy                               

                                                   Left colon (n=289)         Right colon (n=119)          CT only (n=242)           BEV/CT (n=166)            Total (n=408)

Median age (range), years              66.6 (27.9-86.9)              68.9 (33.0-86.9)              68.9 (27.9-86.9)              65.0 (30.2-85.5)          67.7 (27.9-86.9)
Men (%)                                       173 (59.9)                          60 (50.4)                               138 (57.0)                 95 (57.2)                   233 (57.1)
Women (%)                                  116 (40.1)                          59 (49.6)                               104 (43.0)                 71 (42.8)                   175 (42.9)

BEV: Bevacizumab, CT: chemotherapy only.

Table III. Median overall survival (OS) for patients with left-and those with right-sided primaries according to therapy.

                                                            Left-sided primary                                    Right-sided primary                                              All patients

OS                                             BEV/CT                       CT                         BEV/CT                         CT                           BEV/CT                         CT

Median (months)                        31.51                        18.42                          21.09                          18.59                            27.34                          18.42
95% CI                                   21.24-41.78             14.34-22.50               15.99-26.18               14.99-22.18                 22.14-32.52                15.50-21.45
p-Value                                                         0.034                                                            0.971                                                              0.087

CI: Confidence interval.



Discussion
Recent studies demonstrated a prognostic and predictive
relevance of primary tumor localization in mCRC and a
markedly greater benefit from EGFR-directed therapies in

patients with RAS wild-type left-sided primaries compared
to right-sided ones (14, 17, 20). Several current treatment
guidelines have accommodated these results (21, 22). For
right-sided primary tumors, EGFR-directed therapy in first
line is no longer recommended. Instead, VEGF-directed
therapies are commonly preferred in first-line and further
lines even in those with RAS wild-type tumors if the primary
tumor is right-sided (21, 22). An additional effect on overall
survival of anti-VEGF therapy over treatment with
chemotherapy alone is widely accepted but has not been
demonstrated unambiguously and published data concerning
this issue are scarce.

The purpose of our analysis was to investigate the efficacy
of bevacizumab added to chemotherapy in relation to the
primary tumor localization in a non-selected population and
real-life setting outside of clinical trials from a database of
a cancer registry. In fact, we found no survival benefit upon
adding bevacizumab to chemotherapy in patients with right-
sided primary tumor. As expected, patients with left-sided
primaries did have a substantial benefit when bevacizumab
was added to chemotherapy. This translated into a non-
significant trend towards a better survival considering the
entire group of left-and right-sided primaries together. This
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Figure 1. Kaplan–Meier curves of probability of overall survival
according to treatment with bevacizumab (BEV) or without
(chemotherapy-only; CT) for patients with A: left-sided primary, B:
right-sided primary, and C: all patients. 



difference in overall survival in favor of, became statistically
significant in favor of adding bevacizumab when cases with
resection of liver metastases were excluded from the
analysis. These results are similar to and therefore in

concordance with the overall survival data of the trial leading
to the approval of bevacizumab in mCRC (24).

Our data re-emphasize the clinical impact of the different
biology of left-and right-sided primary tumor localization in
mCRC. The population analyzed here included 29% of
patients with right-sided primary, a normal proportion and
comparable to most other trials on mCRC (4, 6, 11, 20). The
results regarding sidedness of therapeutic efficacy are in line
with recently published data demonstrating the different
efficacies of EGFR-directed therapies according to primary
tumor localization and therefore validate the fact that the
case composition of the registry used here was representative
and compatible with other published cohorts. However, our
findings support data deriving from these published cohorts.  

Although retrospective, our data can be considered valid
especially because confounders such as EGFR-directed or
other targeted therapies were excluded in the BEV/CT and
CT cohorts and the analysis was not restricted to first-line
application of bevacizumab. This issue has not been
addressed in other published work investigating the
prognostic and predictive value of primary tumor localization
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Figure 2. Kaplan–Meier curves of probability of overall survival
according to treatment with bevacizumab (BEV) or without
(chemotherapy-only; CT) in patients with A: left-sided primary, B:
right-sided primary, and C: in all patients after excluding those having
undergone resection of liver metastases.



on the efficacy of bevacizumab. Other groups also recently
addressed the efficacy of bevacizumab according to primary
tumor localization. In 2013, Boisen et al. reported that the

addition of bevacizumab to XELOX in first-line treatment
primarily benefited patients with primary tumors originating
in the rectum and sigmoidal colon (11). In turn, a pooled
post-hoc evaluation of the PROVETTA-(25), NO16966-(26)
and AVF2107g (24) trials suggested that the benefit from
bevacizumab may be independent of primary tumor
localization (27). The NO16966 and AVF2107g trails
investigated chemotherapy with and without bevacizumab in
first-line treatment and the efficacy of bevacizumab was
interpreted to be independent of primary tumor localization.
In a univariate analysis, patients with left-sided tumors
achieved statistically significant superior overall survival
versus those with right-sided primaries. These differences in
overall survival remained statistically significant for both
subgroups, bevacizumab plus chemotherapy and
chemotherapy-only, respectively. Multivariable analyses of
the NO16966 and AVF2107g trials also showed that primary
tumor localization and the use of bevacizumab were
independent prognostic factors for overall survival. The
conclusion of the authors, that the efficacy of bevacizumab
was independent of primary tumor localization is not easy to
interpret, especially because the subgroups of left-and right
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Figure 3. Kaplan–Meier curves of probability of overall survival
according to treatment with EGFR-directed therapy (cetuximab or
panitumumab) or without (chemotherapy-only; CT) in patients with A:
left-sided primary, B: right-sided primary, and C: in all patients 



sided primaries were not stratified for bevacizumab
with/without chemotherapy (26, 27).

The AGITG MAX trial compared first-line capecitabine
with capecitabine plus bevacizumab versus capecitabine plus
bevacizumab plus mitomycin C in advanced CRC. A post-
hoc analysis of this trial suggested a benefit from
bevacizumab in addition to chemotherapy independently of
primary tumor localization regarding the reported endpoint
progression-free survival (28). Similar results were reported
in a prospective trial on a Chinese cohort (29).

In contrast, our study evaluated median overall survival
and bevacizumab was added to chemotherapy in any line,
not only first-line. Thus, the role of bevacizumab in mCRC
deriving from right-or left-sided primaries is still somewhat
ambiguous. Nevertheless, our study may be viewed as an
additional reason towards critically discussing the general
use of bevacizumab in mCRC independently of primary
tumor localization. Of course, our study was retrospective
and therefore exploratory and hypothesis-generating in
nature. In addition, our patient population differs from those
of other studies because it analyzed an ‘all-comers’
population without inclusion, or exclusion criteria before
entering the data-pool as is the case in prospective clinical
trials. Patients with central nervous system metastases,
patients having undergone radiotherapy, or interventions
such as elective internal radiation therapy and transarterial
chemoembolisation, were not excluded. Our data show
patients with very long survival. Over 50% of the patients
surviving more than 45 months had undergone resection of
liver metastases. In comparison, only 21% of the entire
population had undergone resection of metastases,
suggesting that the long-term survivors are oligo-metastatic
cases. Both cohorts with or without resection of liver
metastases had similar outcomes, meaning there was no
survival advantage of adding bevacizumab to chemotherapy
in those with mCRC when the primary was right-sided.

The cancer registry used for this analysis does not provide
information on the performance status, comorbidities or
genetic alterations such as RAS and BRAF mutational status
or microsatellite instability. The chemotherapeutic regimen
and the sequence of therapy in our cohort was not predefined,
in contrast to the trials that were used for the cited meta-
analysis (17). In those trials, the chemotherapy backbone was
FOLFOX or FOLFIRI, whereas in our cohort additional
regimens such as FUFOX, CAPOX, CAPIRI, capecitabine,
different 5-FU monotherapies were also used in some patients. 

Taken together, our data suggest that adding bevacizumab
to chemotherapy in mCRC in a real-world-setting might only
be beneficial in patients with left-sided primary tumors,
while patients with right-sided primaries may have no
additional benefit from inclusion of bevacizumab in systemic
treatments. Thus, in addition to the now generally accepted
lack of effect of EGFR-targeted therapies in patients with

right-sided primary tumor, our data suggest the same for
bevacizumab. This could question current guideline
recommendations as data such as the those presented here
suggest that right-sided primary tumor localization might be
a negative predictive factor for the use of either of the
monoclonal antibodies currently approved for mCRC. We
suggest further investigation of this issue in future
prospective clinical trials.
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