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National Surgical Adjuvant Breast and Bowel Project protocol C-08 tested the worth
of adding 1 year of bevacizumab to oxaliplatin-based standard adjuvant chemother-
apy regimen in the treatment of stage IlI/lll colon cancer. Although the overall result
was negative, the possibility that a molecularly defined subset could benefit from
bevacizumab cannot be ruled out. We performed post hoc Cox regression analyses
to test for marker-by-treatment interactions for standard pathological features and
survival analyses using the Kaplan-Meier method. All statistical tests were two-sided
and considered statistically significant at the .05 level. Patients diagnosed with mis-
match repair defective (dMMR) tumors derived statistically significant survival benefit
from the addition of bevacizumab (hazard ratio [HR] = 0.52; 95% confidence interval
[CI] = 0.29 to 0.94; P=.02) in contrast with no benefit in patients diagnosed with mis-
match repair proficient tumors (HR = 1.03; 95% Cl = 0.84 to 1.27; p =.78; P, eraction = -04).
Although a post hoc finding, this data suggests that a molecularly defined subset of
colon cancer patients may derive clinical benefit from antiangiogenesis agents and

underscores the need for independent validation in other clinical trials.
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Although the anti-VEGF antibody bevaci-
zumab showed promise for the treatment
of stage IV colon cancer (1-4), it failed to
improve clinical outcome of patients diag-
nosed with stage II/IIT colon cancer when
added to adjuvant chemotherapy.

The C-08 protocol conducted by the
National Surgical Adjuvant Breast and
Bowel Project (NSABP) randomly assigned
2710 patients diagnosed with stage II/III
colon adenocarcinoma to receive either
oxaliplatin-based chemotherapy (mFOL-
FOX6) or mFOLFOX6 plus bevacizumab
for 12 months (5). According to the primary
endpoint analysis after median follow up of
35.6 months, the addition of bevacizumab to
mFOLFOXG6 did not result in a statistically
significant increase in disease-free survival
(hazard ratio [HR] = 0.89; 95% confidence
interval [CI] = 0.76 to 1.04; P = .15). Tests
for a potential interaction of the effect of
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bevacizumab with sex, age, and nodal status
were not statistically significant. However,
mismatch repair (MMR) status was not
examined at that time.

We have updated the analysis of C-08
with the inclusion of MMR status and
longer follow-up. MMR status was deter-
mined by immunohistochemistry (IHC)
with mutl. homolog 1 (MLHI1) and mutS
homolog 2 (MSH2) proteins as described
by Lindor (6). Any patients that showed
negative staining of one of the two pro-
teins in the tumor cells in the presence of
positive staining in the surrounding nor-
mal cells were classified as MMR deficient
(dMMR), whereas others were classified
as MMR proficient (pMMR). These two
immunohistochemistry markers provide
both a sensitive and specific alternative to
microsatellite instability in detecting DNA
MMR defects (6).

The C-08 correlative study was con-
ducted with approvals from institutional
review boards for NSABP Biospecimen
Bank and Biostatistics Center. Informed
consent was required for participation.
Formalin-fixed paraffin-embedded tumor
blocks were available from 2100 of 2710
randomized patients. Patient character-
istics of the MMR study subset were not
different from the original trial cohort
(Supplementary Table 1, available online).
MMR status could be determined in 1993
patients. There were 107 case subjects with
either assay failures with no staining in the
normal cells or tissue detachment during
the staining procedure. There were 252
case subjects (12.6%) classified as dMMR.
In the set of patients with known MMR sta-
tus, 25% were stage II, and median follow-
up was 5.7 years (range = 0.2-7.4 years).

We also examined the V600E BRAF
mutation based on its association with
dMMR and worse overall survival (7).
V600E mutation was determined using
a primer extension assay as previously
reported (n = 1764)(8).

Formal statistical tests for marker-by-
bevacizumab interaction were performed
in a Cox regression model including indi-
cator variables for the marker, bevacizumab
treatment, and the interaction term for the
following variables: age (<65 vs 265 years;
n =2159), sex (n = 2159), T stage (high vs
low; n = 2145), N stage (NO, N1, N2 with
a 2-degree of freedom interaction test;
n = 2159), MMR defects defined by two
immunohistochemistry markers (MLHI1
and MSH?2; deficient, proficient; n = 1993),
and V600E BRAF mutation (n = 1764)
(Table 1). Survival was estimated by the
Kaplan—Meier method. No correction for
multiple comparisons was made. All statis-
tical tests were two-sided and considered
statistically significant at the .05 level.

For the overall survival endpoint, only
MMR status showed statistically signifi-
cant interaction with bevacizumab (P = .03;
not significant if corrected for multiple
comparisons), with a decrease in mortal-
ity observed only in patients with dMMR
tumors. Although 31 of 128 patients with
dMMR tumors treated with chemotherapy
died, only 18 of 124 patients who received
bevacizumab in addition to chemotherapy
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Table 1. Variables examined and their interaction with bevacizumab*

Time to recurrence

Overall survival

Marker-by-bevacizumab

Marker-by-bevacizumab

Variables No. Recurrences, No. (%) interaction Pt No. Deaths, No. (%) interaction Pt

Age, years
<65 1556 342 (21.0) A4 1556 272 (17.5) 42
>65 603 129 (21.4) 603 161 (26.7)

Sex
Female 1067 224 (21.0) 29 1067 192 (18.0) 42
Male 1092 247 (22.6) 1092 241 (22.1)

T staget
Low 713 66 (9.3) 498 713 77 (10.8) .51
High 1432 403 (28.1) 1432 354 (24.7)

N stage
NO 530 45 (8.5) 25 530 53 (10.0) 21
N1 990 178 (18.0) 990 166 (16.8)
N2 639 248 (38.8) 639 214 (33.5)

MMR status
Proficient 1741 394 (22.6) .08 1741 349 (20.1) .03
Deficient 252 32 (12.7) 252 49 (19.4)

BRAF
Not mutated 1563 352 (22.5) .28 1563 307 (19.6) .37
Mutated 201 43 (21.4) 201 54 (26.9)

* MMR = mismatch repair.

Tt Pis for the interaction in a Cox model containing bevacizumab, the variable, and the variable—bevacizumab interaction.

+ T-stage category is defined as “low” for stage || T3 and stage Il T1&T2 and “high” for stage |l T4 and stage Il| T3 & T4.

died during the same follow-up period
(HR =0.52;95% CI=0.29 to 0.94; P = .03)
(Figure 1A). In contrast, there was no dif-
ference in mortality between the control
arm and bevacizumab arm in those who
were diagnosed with pMMR tumors.
One hundred seventy-two of 873 pMMR
patients treated with chemotherapy died,
whereas 177 of 868 pMMR patients
treated with bevacizumab died during the
same follow-up period (HR = 1.03; 95%
CI =0.84 to 1.27; P = .78) (Figure 1B). For
time to recurrence, there was a trend for
interaction in the same direction, but it was
not statistically significant (P,,craction = -08).

Although BRAF did not show statisti-
cally significant interaction, because there
was an association between MMR status
and BRAF mutation (P < .0001), we exam-
ined whether a combination of the two
markers could further define the subset that
benefited from bevacizumab in an explora-
tory analysis. We found that a small subset
of patients (n = 51 with 16 deaths) defined
by BRAF mutation and dMMR derived the
most benefit, with a hazard ratio of 0.27
(95% CI = 0.08 to 0.94; P = .03) (data not
shown).

Because we defined dMMR based
on two immunohistochemistry mark-
ers (MLH1 and MSH2), we would have
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misclassified about 25% of hypermutated
tumors (with mutations in MLH3, MSH3,
MSH6, PMS2, and POLE) as pMMR
based on data from The Cancer Genome
Atlas Network (9). It would be impor-
tant to examine whether patients diag-
nosed with hypermutated tumors with the
mutations in the latter genes also derived
statistically significant clinical benefit from
bevacizumab.

Because this was a finding from a ret-
rospective analysis without an a priori
hypothesis based on a mechanistic study,
the results presented should be regarded
only as hypothesis generating. According
to published exome capture sequenc-
ing data from The Cancer Genome Atlas
Network, dMMR tumors are hypermu-
tated, with median number of nonsilent
mutation of 728 compared with 58 in
pMMR or nonhypermutated tumors (9).
Unlike pMMR tumors that are poorly
immunogenic, dJMMR tumors are highly
immunogenic because of the generation
of mutated proteins, including those with
frame-shift mutations (10,11). Therefore,
dMMR tumor cells at the micrometa-
static sites have to evade attack from the
immune system in order to progress.
VEGF-A is speculated to be one of the
main tumor-derived soluble factors that

act as a chemo-attractant for immature
myeloid cells from the marrow to the
tumor site and suppress dendritic cell mat-
uration, creating an immune suppressive
microenvironment (12-15). Furthermore,
VEGF-A directly regulatory
T-cell proliferation in tumor-bearing mice
through VEGFR-2 (16). Intriguingly,
blocking VEGF-A alone was sufficient
to inhibit regulatory T-cell accumulation

induces

in tumor-bearing mice but not in tumor-
naive mice (16). More important, adding
bevacizumab to chemotherapy resulted
in a substantial reduction in the propor-
tion of regulatory T-cells in the peripheral
blood of colon cancer patients (16). Thus
we hypothesize that bevacizumab may be
particularly effective in dMMR patients
because of its disruption of the immu-
nosuppressive microenvironment associ-
ated with these hypermutated and highly
Immunogenic tumors.

In conclusion, our data suggest that
there may be a subset of colon can-
cer patients who may derive significant
clinical benefit from the addition of
bevacizumab to standard adjuvant chem-
otherapy. Although only hypothesis gen-
erating, this data warrants independent
validation in other randomized clinical
trials.
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