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outcomes and the impact of chemotherapy, metastatectomy, and BRAF V600E mutation status in the largest reported
cohort of MSI-H metastatic colorectal cancer (CRC).
Patients and methods: A retrospective review of 55 MSI-H metastatic CRC patients from two institutions, Royal
Melbourne Hospital (Australia) and The University of Texas MD Anderson Cancer Center (United States), was conducted.
Statistical analyses utilized Kaplan–Meier method, Log-rank test, and Cox proportional hazards models.
Results:Median age was 67 years (20–90), 58% had poor differentiation, and 45% had stage IV disease at presentation.
Median overall survival (OS) from metastatic disease was 15.4 months. Thirteen patients underwent R0/R1 metastatec-
tomies, with median OS from metastatectomy 33.8 months. Thirty-one patients received first-line systemic chemotherapy
for metastatic disease with median OS from the start of chemotherapy 11.5 months. No statistically significant difference
in progression-free survival or OS was seen between fluoropyrimidine, oxaliplatin, or irinotecan based chemotherapy.
BRAF V600E mutation was present in 14 of 47 patients (30%). BRAF V600E patients demonstrated significantly worse
median OS; 10.1 versus 17.3 months, P = 0.03. In multivariate analyses, BRAF V600E mutants had worse OS (HR 4.04;
P = 0.005), while patients undergoing metastatectomy (HR 0.11; P = <0.001) and patients who initially presented as
stage IV disease had improved OS (HR 0.27; P = 0.003).
Conclusions: Patients with MSI-H metastatic CRC do not appear to have improved outcomes. BRAF V600E mutation
is a poor prognostic factor in MSI-H metastatic CRC.
Key words: colorectal cancer, microsatellite instability-high, survival, BRAF V600E mutation, metastatectomy,
chemotherapy

introduction
DNA microsatellite instability (MSI) occurs when germline or
sporadic mutations in mismatch repair (MMR) genes allow for
replication errors or instability in repeat DNA sequences.
Germline mutations in the MLH1, MSH2, MSH6, and PMS2
genes, lead to an autosomal dominant hereditary syndrome
named hereditary nonpolyposis colorectal cancer (HNPCC), or
Lynch syndrome. Sporadic deficiency of the MMR system occurs
with silencing of theMLH1 promoter via hypermethylation.
The MSI-high (MSI-H) phenotype is present in 15% of early-

stage metastatic colorectal cancer (CRC). MSI-H tumors fre-
quently present on the right side, are poorly differentiated with
mucinous histological features, and marked peri- and intratu-
moral lymphocytic invasion [1]. MSI is more common among
stage II (∼20%) than III (∼12%), and is even less frequent in
stage IV CRC (∼4%) [2]. MSI-H has been shown to confer a
good prognosis in patients with localized disease [3, 4].
Many studies have attempted to address the effect of chemo-

therapy in the MSI-H population with mixed results. In the ad-
juvant setting, it appears that MSI-H tumors are chemoresistant
to 5-fluorouracil (5-FU), the cornerstone of CRC treatment [5].
One hypothesis is that an intact MMR system normally recog-
nizes incorporated DNA adducts and mismatches to halt cell
growth [6]. This does not occur with a defective MMR system.
The effect of additional agents such as oxaliplatin and irinotecan
in the adjuvant setting has been less defined [7, 8]. Some have
postulated there may be a differential response to therapy based
on sporadic versus germline MSI-H status, where germline
MSI-H patients appear more chemosensitive [9].
Given the prognostic effect of MSI-H status, few patients

present with metastatic disease. It is unclear whether MSI-H
status confers a prognostic benefit or a predictive effect in this
setting. A deeper understanding of the disease biology, muta-
tional profile, and intricacies of treatment response in this rare
subset is warranted. In this study, we use a multicenter approach
to examine the survival outcomes and responses to chemother-
apy for the largest reported cohort of MSI-H metastatic CRC.

materials and methods

patient selection
At the University of Texas MD Anderson Cancer Center (UTMDACC), a
total of 554 CRC patients who underwent testing for MSI were identified
from August 2002 to August 2010. At the Royal Melbourne Hospital
(RMH), a previously described cohort of 316 patients was used to identify
patients with metastatic CRC and MSI-H status. [10] A total of 55 patients
(33 from RMH and 22 from UTMDACC) with metastatic CRC and known
MSI-H status were analyzed. There was no effect of institution on overall sur-
vival (OS) (log-rank test, P = 0.22).

data collection
Medical records were reviewed on all 55 patients identified. Demographic
data, tumor characteristics, treatment types, treatment responses, and sur-
vival rates were collected. Response evaluation was based on the treating
physician’s assessment. The analysis was approved by the UTMDACC and
RMH Institutional Review Boards.

molecular testing
MSI analysis was carried out using the five National Cancer Institute recom-
mended microsatellite markers [11]. MSI-H was defined as the presence of two
or more (or >30%) loci showing instability. MSI-low (MSI-L) was defined as the
presence of one (or <30%) loci showing instability, and MSI stable (MSS) as no
loci of instability. Patients with MSI-L or MSS tumors were grouped together
and excluded. BRAF V600E mutational testing by a mutation-specific real-time
polymerase chain reaction assay was carried out on a subset of cases (N = 47).

Immunohistochemistry was carried out on the UTMDACC cohort to
detect nuclear loss of DNA MMR gene products MLH1 (G168-15, 1:25; BD
Biosciences Pharmingen, San Diego, CA), MSH2 (FE11, 1:100; Calbiochem,
La Jolla, CA), MSH6 (44, 1:300; BD Biosciences Pharmingen), or PMS2
(Alb-4, 1:125; BD Biosciences Pharmingen). In patients with MLH1 loss, a
methylation-specific polymerase chain reaction MLH1 promoter methyla-
tion assay was conducted.

statistical methods
The progression-free and OS distributions were estimated using the Kaplan–
Meier method and differences in survival were evaluated by the log-rank
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test. Point estimates of median survival and the associated Brookmeyer and
Crowley 95% confidence interval (CI) estimates are reported when appropri-
ate. Univariate Cox’s proportional hazards models were used to assess the
effect of continuous variables on survival and multivariate Cox models were
used to evaluate the effect of individual factors while simultaneously adjust-
ing for additional co-variates. Bivariate associations of categorical variables
were investigated using Pearson’s χ2 test or Fisher’s exact test as appropriate.
All statistical analyses were carried out using SAS 9.2 (SAS Institute, Inc.,
Cary, NC) and statistical significance was defined as P < 0.05.

results

patient characteristics
Patient characteristics are displayed in Table 1. A total of 55
patients with metastatic MSI-H CRC were identified between
the two sites. Median age was 67 years (range: 20–90 years),
42% were male, 58% had poor differentiation, and 64% were
right-sided. The median time to metastases for the 30 (55%)
patients who presented with localized disease was 9 months.
BRAF mutational status was available in 47 patients of whom

14 harbored the BRAF V600E mutation. BRAF mutants were
more common in those initially diagnosed with stage IV rather
than I–III disease, although this was not statistically significant
(40.9% versus 20%; P = 0.20). Within the UTMDACC cohort,
five patients had BRAF V600E mutation, of whom four (80%)
demonstrated MLH1 loss due to methylation of the MLH1
promoter.

entire cohort
A total of 42 deaths (76%) had occurred at the time of analysis,
with median follow-up for all patients of 19.3 months (range
1.1–105.3 months). The median survival from diagnosis of
metastatic disease was 15.4 months (95% CI 10.61% to 17.74%;
supplementary Figure S1, available at Annals of Oncology
online) and 20.2 months (95% CI 15.6–34.6) from the date of
initial diagnosis. There was no correlation between stage at
initial diagnosis (stage I–III versus IV) and OS from the date of
metastatic disease (13.2 versus 16.2 months; P = 0.83; supple-
mentary Figure S2, available at Annals of Oncology online).
Patients with BRAF wild-type when compared with mutant
tumors had an improved outcome (17.3 versus 10.1 months;
P = 0.029; Figure 1A).

metastatectomy cohort
A margin-negative or microscopically margin-positive resection
of all metastatic disease was carried out in 13 (23.6%) of the 55
patients. There was a statistically significant difference between
the median OS from the date of metastatic disease in those that
underwent metastatectomy (R0/1) than those that did not (33.8
versus 11.4 months; P = 0.005; Figure 1B). Of the 13 patients
who underwent metastatectomy, relapse-free survival from the
date of metastatic disease was 13.6 months. OS was not signifi-
cantly different based on stage at diagnosis (stage I–III versus
IV) in metastatectomy patients (38.7 versus 33.8 months;
P = 0.393).

chemotherapy cohort
Thirty-one patients received front-line systemic chemotherapy:
single-agent fluoropyrimidine (5-FU) in 7, oxaliplatin-based in
14, and irinotecan-based in 10. The rate of response to 5-FU,
irinotecan-based and oxaliplatin-based chemotherapy were
14%, 40%, and 43%, respectively (P = 0.37 for 5-FU versus
Other). The median survival from date of first-line chemother-
apy was 11.5 months (95% CI 8.0–21.8; supplementary
Figure S3, available at Annals of Oncology online). OS was not
significantly different between types of chemotherapy 5-FU
versus Other (10.02 versus 11.63 months; P = 0.803, Figure 2A).
Progression-free survival was not significantly different between
types of chemotherapy 5-FU versus Other (2.2 versus 5.4
months; P = 0.66, Figure 2B).
In the chemotherapy cohort, of the 28 patients with known

BRAF status, 7 had a BRAF V600E mutation. The median OS
among BRAF mutant patients from start of chemotherapy was
statistically worse than the wild-type patients (10 versus 17.6
months, P = 0.041; Figure 2C).

Table 1. Patient characteristics

Characteristic Number of
patient

Percent
(%)

Median age at diagnosis of
metastatic disease (years)

67 (range: 20–90)

Gender

Male 23 42
Female 32 58

Stage at diagnosis
Stage I–III 30 55
Stage IV 25 45

Tumor site
Right 35 64
Left 20 36

Tumor grade
Well 0 0
Moderate 19 35
Poor 32 58
Unknown 4 7

BRAF status
BRAFWT 33 60
BRAFmutant 14 25
Unknown 8 15

Metastatectomy
R0 12 92
R1 1 8

Sites of metastatectomy
Liver 7
Lymph nodesa 3
Peritoneum 4

Front-line chemotherapy regimen
Flouropyridime alone 7
Oxaliplatin based 14
Irinotecan based 10

aExternal iliac (1), supraclavicular (1), retroperitoneal (1).
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multivariate analysis
A Cox proportional hazards model was used to assess the effect
of multiple factors on OS from the date of metastatic disease
(Table 2). BRAF mutational status was associated with a worse
OS (P = 0.005, HR 4.04, 95% CI 1.52–10.71), while presenting
with stage IV disease (P = 0.003, HR 0.27, 95% CI 0.12–0.63)
and undergoing a metastatectomy (P = 0.001, HR 0.11, 95% CI
0.03–0.38) were associated with improved OS.

discussion
In this study, we expanded on the current body of literature with
the largest multi-institutional cohort of MSI-H metastatic CRC.
Our report is also unique in that we analyzed the influence of
BRAF status and metastatectomy in this population.

In our study, we show a median OS of 15.4 months from the
date of diagnosis of metastatic disease and 20.2 months from
date of initial diagnosis. These findings appear similar to previous
retrospective studies of metastatic MSI-H CRC where median OS
ranges from 9 to 33 months [2, 12–15]. Although our study
does not contain a MSS cohort for prognostic comparison, our
findings of a median OS of 15.4 months appears similar to a
recently published large retrospective multicenter study that
reported a median OS of 18 months for stage IV CRC [12, 16].
The survival advantage for stage I–III CRC is dependent on

the fact that MSI tumors experience lower rates of tumor recur-
rence than do MSS tumors [9, 17]. Whether this finding infers a
similar benefit for the resection of oligometastatic disease has
not been evaluated. The median survival following successful
metastatectomy in our cohort was 33.8 months, which appears
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similar in comparison with the expected outcomes following
metastatectomy. In a recent meta-analysis of CRC liver hepatec-
tomies, the median OS was 42 months [18]. Although the small
sample size limits definitive conclusions, our data do not
support an improved outcome following metastatectomy of
oligometastatic disease in patients with MSI-H CRC.
While MSI status is a proven prognostic marker in the treatment

of localized CRC, its role as a predictive marker for chemotherapy
is not certain due to conflicting evidence. Currently, the European
Society for Medical Oncology does not consider MSI to be a pre-
dictive marker [19]. Both Sargent et al. and Bertognoli et al. dem-
onstrate the lack of efficacy of 5-fluorouracil-based regimens in the
adjuvant setting in locally advanced MSI-H CRC [5, 8]. Though
limited by small sample size our data did not demonstrate
improved outcomes in the metastatic setting with any chemother-
apy combination, though numerically there were less responses in
the 5-FU group compared with oxaliplatin and irinotecan based
combinations. This is comparable with reports looking at oxalipla-
tin-based (CAPOX or FOLFOX/FUFOX) [15, 20, 21] and irinote-
can-based regimens [22] therapies that have not shown improved
outcomes in the MSI-H cohort. These studies, however, are also
limited by sample size, the largest of which had 23 MSI-H patients.
Similarly, in a meta-analysis that included 964 metastatic CRC
patients, of which 91 were MSI-high, MSI-high status did not
predict for a differential chemotherapy benefit [23].
Two studies have reported improved outcomes with 5-FU-

based chemotherapy. In a retrospective study, Brueckl et al.
demonstrated an improved outcome for the use of 5-FU in MSI-
H in comparison with MSS patients; however, only seven

patients with MSI-H were included [14]. In a non-randomized
prospective study where 5-FU chemotherapy use was deter-
mined by each individual patient, Liang et al. demonstrated an
improved median OS for the 35 MSI-H patients and the 134
MSS patients that received chemotherapy (24 versus 13 months,
P < 0.001, respectively) [13].
MSI is strongly associated with mutations in BRAF, limited to

sporadic MSI-H tumors [24], and is used clinically to differenti-
ate these from HNPCC cases. The presence of BRAF V600E
mutations has been correlated with markedly worse outcome in
both localized and metastatic patients [10, 25]. Though less
studied, it does not appear that the presence of BRAF V600E
correlates with a worse prognosis in MSI-H metastatic CRC [10,
26]. In the current study, BRAF V600E was a strong negative
prognostic marker of survival in metastatic CRC with median
OS of 10.1 months compared with 17.3 months for BRAF wild-
type (P = 0.029). A similar result was seen in patients who were
treated with chemotherapy (10.0 versus 17.6 months; log-rank
test P = 0.041). BRAF V600E mutation status was more frequent
in stage IV patients, 41%, than stage I–III patients, 20%.
The main limitation inherent to our study is the retrospective

nature and small sample size of patients with metastatic MSI-H
CRC. The small sample size limits the interpretation of subgroup
analyses. This study was conducted over an extended time period
and thus, tumor response assessment could only be based on the
treating physician’s assessment. The choice of therapy for each
patient was dependent upon the treating physician and the ra-
tionale for such decisions could not be determined. Despite these
limitations, this study does contain the largest reported cohort of

Table 2. Univariate and multivariate analysis for overall survival from the date of metastatic disease

Variables Univariate analysis Multivariate analysis

Mediana 95% CI P-value HR 95% CI P-value

Stage
IV 16.20 9.86–33.81 0.83 0.27 0.12–0.63 0.0025
I–III 13.21 7.95–21.78 1

Grade
Poor differentiation 11.07 5.09–17.45 0.49 1.58 0.64–3.85 0.32
Well-mod differentiation 17.31 13.21–26.74 1

BRAFmutation status
Mutant 10.10 1.41–15.64 0.029 4.04 1.52–10.71 0.0051

Wild type 17.31 11.07–26.74 1
Gender
Male 17.74 11.72–39.59 0.15 0.46 0.18–1.13 0.09
Female 13.21 6.31–17.31 1

Metastatectomy
Yes 33.81 14.55–76.58 0.0051 0.11 0.03–0.38 0.0006
No 11.43 9.23–16.20 1

Systemic chemotherapy
Yes 15.64 11.43–33.81 0.25 0.73 0.32–1.63 0.44
No 10.35 4.86–17.31 1

Age at initial diagnosis (years)
≥65 11.43 6.31–20.24 0.18 1.97 0.84–4.66 0.12
<65 15.64 11.07–50.79 1

aMedian survival in months.
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metastatic MSI-H CRC and represents the only study to attempt
to evaluate the impact of metastatectomy in this cohort.
Compared with historical controls, patients with MSI-H meta-

static CRC do not appear to have improved outcomes following
R0/R1 metastatectomy. This study did not find any support for
MSI-H status predicting for any differential chemotherapy benefit
in metastatic patients. BRAFV600E mutation is a poor prognostic
factor in metastatic MSI-H. Further studies including this unique
subset of CRC patients should be conducted to further delineate
the prognostic and predictive impact of MSI.
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