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Purpose Microsatellite instable-high (MSI-H) colorectal cancers (CRCs) are known to
carry better survival in the local disease stage even without treatment. The influence of
types of treatment on survival of MSI-H metastatic CRCs (mCRC:s) is still unclear and
is evaluated in this study.

Materials and Methods Patients with MSI-H mCRC treated with first-line chemother-
apy, with or without bevacizumab, identified in the Israeli population-based Molecular
Epidemiology of Colorectal Cancer (MECC) study, were diagnosed between 1998 and
2013 and followed up until May 2017; MSI status was determined by comparing 10 mark-
ers in tumor and normal tissue. Dates of metastases and death and treatment details
were extracted from oncology records.

Results Among 590 patients treated for mCRC, 106 (18%) had MSI-H tumors. Patients
with MSI-H had a median overall survival (OS, from start of first-line treatment) of
1.6 years. The presence of a somatic B-Raf proto-oncogene (BRAF) mutation was a sig-
nificant adverse prognostic factor in the MSI-H group (hazard ratio [HR], 1.8; 95% CI,
1.1 to 3.0; P = .026). MSI-H tumors without BRAF mutation (n = 87) had similar OS ben-
efit from fluorouracil (FU) only as from any combination protocols (HR, 0.93; P = .78),
whereas microsatellite-stable (MSS) tumors without BRAF mutation (n = 456) showed
improved OS over FU-only regimens when combination chemotherapy with or without
bevacizumab was used (HR, 0.58; P < .01; P value for interaction = .07). Patients with
MSI-H/BRAF wild type (WT) had survival advantage over patients with MSS disease
(adjusted HR, 0.58; 95% CI, 0.35 to 0.98) when treated with FU-only protocols.

Conclusion Clinical outcomes differ substantially between patients with MSS/BRAF-
WT mCRC and MSI-H/BRAF-WT mCRC, with measurable differences between che-
motherapy regimens. MSI-H mCRC:s are a clinically distinct subset of colorectal can-
cers. Their current poor outcome suggests that new clinical trials are needed to identify
therapeutic options, potentially taking advantage of the new developments in the field
of immunotherapy.
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INTRODUCTION K-Ras proto-oncogene (KRAS) or N-Ras proto-
oncogene (NRAS) mutation; the presence of a
BRAF V600E mutation has a detrimental effect
on overall survival; the presence of human epi-
dermal growth factor receptor 2 (HER2) in
mCRC tumors suggests the possibility of ben-
efit from anti-HER2 biologic treatment; and,
more recently, microsatellite instable (MSI)-high
tumors have been identified as candidates for

Metastatic colorectal cancer (mCRC) is a chal-
lenging disease. Although treatment advances
with modern protocols including anti-vascular
endothelial growth factor and anti—epidermal
growth factor receptor (EGFR) monoclonal anti-
bodies'* prolonged median overall survival (OS)
of patients with CRC to > 2 years, mCRC, unfor-

tunately, is still an incurable disease in most cases. . e
immunotherapy.*’

Molecular heterogeneity in metastatic CRCs
influences treatment and outcome. Anti-EGFR

Loss of genomic stability is identified as an early
step in colon cancer tumorigenesis and has patho-

agents are less effective in the presence of a  logic, phenotypic, and clinical consequences.®!!
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Molecular analysis enables better understanding
and separation of colorectal tumors now identi-
fied as carrying differences in clinical outcome.'*!
Under this classification, tumors defined as con-
sensus molecular subtype-1 (CMSI) are charac-
terized as microsatellite instable (MSI-H) and
hypermutated tumors.'*

The clinical importance and exclusiveness of
MSI-H CRCs have formerly been established.”” '
MSI-H tumors have significantly better prog-
nosis at early local stages of disease and rarely
metastasize. Approximately 15% of all CRC
cases are MSI-H. A small proportion of them
(approximately 5% of all tumors) carry germline
mutations in the mismatch repair (MMR) genes,
corresponding with Lynch syndrome, whereas
others acquire microsatellite instability and defi-
cient mismatch repair on the basis of either meth-
ylation downregulation of mutL. homolog-1 gene
(MLHTI) or two somatically acquired inactivating
mutations corresponding to the recently defined
double-somatic CRC." In addition to having
a better prognosis of local tumor not related to
treatment, MSI-H tumors have also been shown
to have an inferior response to adjuvant chemo-

therapy with fluorouracil (FU).?-%

Although the inherent better prognosis of early
MSI-H CRC and lack of effect of FU reduce
the need for adjuvant chemotherapy treatment
in many cases, patients with metastatic MSI-H
(met/MSI-H) CRC have until recently been
treated with standard chemotherapy proto-
cols, with or without biologic agents, offered
to all patients with metastatic disease with ade-
quate performance status. The low incidence of
MSI-H mCRCs (< 5% of all cases) did not allow
analyzing them separately in subgroup analy-
ses of prospective randomized trials evaluating
effectiveness of chemotherapy, anti-vascular
endothelial growth factor, or ant-EGFR.!%262
Thus, few data exploring the effect of MSI-H on
metastatic disease progression during chemo-
therapy””? are available, resulting in a failure
of a meta-analysis of published chemother-
apy trial findings to analyze progression-free
survival and OS in patients with met/MSI-H
because of a lack of data.””’! The current study
evaluates the effect of microsatellite instability
(MSI-H) on the overall survival of a large, pro-
spectively collected cohort of treated patients
with mCRC.

MATERIALS AND METHODS

The Molecular Epidemiology of Colorectal
Cancer (MECC) study?” is a prospective cohort
identifying all newly detected (incident) CRC
cases in a defined geographical area in north-
ern Israel between 1998 and 2016. The study
includes population-based, randomly chosen,
matched controls without CRC, which are
irrelevant to this report. Cases identified in the
MECC study were approached for risk-factors
interview and contributed a venous blood sam-
ple after signing a consent form approved by
Carmel Medical Center in Israel and the Uni-
versity of Southern California in the United
States. Formalin-fixed paraffin-embedded tissue
blocks were collected from diagnostic colonos-
copy or surgical resection. DNA was extracted
from both the peripheral blood and the tissue
sample and was routinely studied for MSI status,
KRAS and BRAF mutations, as well as known
founder mutations in MMR genes, mostly in
Ashkenazi Jews. Clinical data were collected at
diagnosis, including TNM staging, tumor grade,
and histology. Clinical follow-up included iden-
tification of treatment modalities used during
the whole follow-up period and identification
of changes in disease status, including identifi-
cation of new metastases. Details of treatments,
as well as date of identification of metastases (at
diagnosis or during disease progression), were
extracted from the medical files of the patients,
which were extracted by experienced senior
physicians.

For this study, MECC cases that presented with
metastatic disease at diagnosis or developed
metastases during follow-up were sought. In addi-
tion to cases from the MECC population-based
series, we recruited into the study other mCRC
cases that were evaluated in our laboratory on the
basis of their clinical presentation or suspicion of
Lynch syndrome to increase the size of the case
series. We included all patients with first-line
therapy for metastatic disease. Detailed treatment
options were grouped into three categories: FU
or capecitabine only, combination chemotherapy
(oxaliplatin-based or irinotecan-based in combi-
nation with fluoropyrimidine), and combination
chemotherapy with bevacizumab. Time of death
of cases was defined using the Israeli population
register. The vital status was assessed at the end
of April 2017. To be eligible for analysis, a case
had to have mCRC, have been treated for the
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metastases with information on treatment details,
and have available tissue and germline DNA to
analyze MSI and BRAF status.

Laboratory Assay

DNA was extracted using a commercial DNA
extraction kit. Analysis was performed on sam-
ples of tumor tissue and normal tissue of the
same patient, and microsatellite status was com-
pared between the two. Ten microsatellite loci
were analyzed for differences in the length of
the microsatellite sequence between DNA from
normal tissue and DNA extracted from paraffin
block of the tumor tissue. Five loci of mono-
nucleotide repeats (BAT25, BAT26, Bat40,
f-catenin, and TGFBRII) and five of dinucleotide
repeats (D2S123, D5S346, D10S197, D17S250,
and D18S58) were amplified and tested. Those
include the five original Bethesda panel mark-
ers and five additional mono- and dinucleotide
markers.*”* Results for each marker were regis-
tered as stable, unstable, equivocal, or suspected
as loss of heterozygosity. MSI-H was called
when at least 30% of the informative markers
were found to be instable. Of all MSI-H cases,
only 10% did not qualify if only the original five
markers were used. Most MSI-H cases were also
validated by immunohistochemistry tests of the
MMR genes.

Mutations in codon 600 of BRAF were identi-
fied by direct sequencing of exon 15 of the BRAF
gene. Purified amplicons were submitted to
direct sequencing in the automated fluorescent
sequencer 3130 XL Genetic Analyzer (Applied
Biosystems, Foster City, CA). Similarly, KRAS
mutations in exon 12, 13, and 61 were identified
using a Taqman-based single-nucleotide poly-
morphism genotyping assay on the ABI Prism
7900HT Sequence Detection System (Applied
Biosystems) in a 96-well format.

Statistical Methods

Baseline characteristics were analyzed using
descriptive statistics and compared using x?
tests (exact test when appropriate) for categor-
ical variables and two-sample 7 test or nonpara-
metric Mann-Whitney test, as appropriate, for
continuous variables. Overall survival was calcu-
lated from the start date of first treatment of the
first identified metastasis (either at time of CRC
diagnosis or at time of disease progression) and

until the recorded date of death (of any cause)
or the last date of available follow-up. Overall
survival was estimated with the use of Kaplan-
Meier method and presented using medians and
2-year and 5-year survival probabilities.

Differences in OS were summarized using haz-
ard ratios (HRs), estimated using Cox propor-
tional hazard modeling. The model was adjusted
to age at treatment onset and indicator for sur-
gery for metastatic disease. The predictive effect
of MSI status on treatment effects was assessed
using Cox proportional hazard models with terms
for treatment, MSI status, and their interaction

RESULTS
Patient Population

The study population consisted of 106 MSI-H
mCRC (met/MSI-H) cases for which first-line
chemotherapy-based treatment was identified. A
group of 484 metastatic MSS cases (met/MSS)
with available information on their treatment
was identified as control group. Demographic
and clinical characteristics of the total 590 study
participants by their MSI status are listed in
Table 1. The metastatic MSI-H group had mean
age at treatment of 63 = 15 years, 54% female,
86% with Jewish ethnicity, and 48% presenting
at stage IV at diagnosis. Generally, the met/MSS
group had comparable sex and ethnicity (Jewish/
non-Jewish) distribution, as well as frequency of
presenting at stage IV at diagnosis. However,
met/MSI-H cases tended to have lower age at
treatment onset (23 % age < 50 years v 9% among
met/MSS). This distribution reflects that fact
that the patients with met/MSI-H were younger
at diagnosis (proportion of patients younger
than 50 years: 25% in met/MSI-H group and
only 10% in met/MSS group). BRAF mutation
presence was higher among patients with meta-
static MSI-H than metastatic MSS (18% v 6%
only in met/MSS group, P <.001).

Treatments for Metastatic Disease

Common first-line treatment chemotherapy for
the metastaticdiseasein the MSI-H groupincluded
FU + leucovorin (LCV) or capecitabine only in
21% (n = 22), combination chemotherapy proto-
cols (irinotecan based or oxaliplatin based) in 33%
(n = 35), and combination chemotherapy (irinote-
can based or oxaliplatin based) and bevacizumab
in 46% (n = 49) of cases. Treatment protocols
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Table 1. Demographic and Disease Characteristics of Study Participants With Metastatic Colorectal Cancer by Microsatellite Instability

Status (N = 590)

Characteristic Metastatic MSI-H (n = 106) Metastatic MSS (n = 484) P
Age younger than 50 years at diagnosis 26 (25) 48 (10) <.001
Female sex 5764 231 (48) .26
Jewish ethnicity 88" (86) 393" (82) .30
BRAF mutation positive 19 (18) 28 (6) <.001
Stage IV at diagnosis’ 45 (48) 242 (52) .52
Right colon primary tumor location* 39 (38) 146 (30) .14

NOTE. Data presented as No. (%

Abbreviations: MSI-H, microsatel

*Ethnicity was unknown for four and five patients in in metastatic MSI-H and metastatic MISS groups, respectively

).

lite instable; MSS, microsatellite stable.

tStage was unknown for 12 and 14 patients in metastatic MSI-H and metastatic MSS groups, respectively.

+Side was unknown for two patients in metastatic MSI-H group.

significantly differed between met/MSI-H and
met/MSS groups, where fewer patients in the met/
MSS group received bevacizumab-containing
regimens (25% v 46%) and more patients received
FU or capecitabine only (overall P <.001; Table 2).

Treatment protocols have changed during the
study period and represent the natural evolu-
tion of chemotherapy for patients with mCRC.
Figure 1 presents frequency of the three classes
across period years.

Second-line treatment was given to 55% of
the patients treated before 2003, 63% of those
treated in 2003 to 2006, and 68% of patients
treated in 2007 and after. No difference in num-
ber of treatment lines was noticed between cases
with MSI-H and cases with MSS tumors, prob-
ably reflecting the fact that in those years the

treating oncologists were unaware of the MSI
status at time of treatment.

In addition, in the MSI-H population, the base-
line characteristics of patients in the different
treatment regimen were comparable (data not
shown). Because of the modest sample size of
therapeutic subgroups, we pooled all regimens
other than FU or capecitabine only into an
any-combination group to aid interpretability of
results.

OS in Metastatic Cases With MSI-H

At the end of follow-up, a total of six patients
were alive in the met/MSI-H group (median
follow-up time for these six patients was 5.9
years, with range of 2.6 to 16.9 years). Overall,

Table 2. Treatment Characteristics of Study Participants with Metastatic Colorectal Cancer by Microsatellite Instability Status (N = 590)

Metastatic MSI-H Metastatic MSS
Treatment Groups First-Line Protocols (n = 106) (n = 484) P
FU only Mayo protocol (n = 86) 22 (21) 157 32) .018
Capecitabine (n = 93)
Combination chemotherapy FOLFIRI (n = 186) 35(33) 205 (42) .08
Other irinotecan (n = 31)
FOLFOX (n = 17)
Other oxaliplatin (n = 6)
Combination chemotherapy and Oxaliplatin based (n = 61) 49 (46) 122 (25) <.001
bevacizumab Irinotecan based (n = 110)
Total treatment lines, median (range) 2 (1-5) 2 (1-6) .72
Operation at time of treatment 4@ 35(7.2) .19
Primary tumor resection at any time 97 (91.5) 464 (95.9) .06

NOTE. Data presented as No. (%) unless otherwise noted.

Abbreviations: FOLFIRI, irinotecan, fluorouracil, leucovorin; FOLFOX, oxaliplatin, fluorouracil, leucovorin; FU, fluorouracil; MSI-H, microsatellite instable; MSS,

microsatellite stable.

*Overall P for comparison of treatments distribution between MSI-H and MSS < .001 (y* test, df = 2).
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colorectal cancer in the
Molecular Epidemiology
of Colorectal Cancer study,
northern Israel (n = 106).

the median OS in the met/MSI-H group was 1.6
years. Assessing the effect of BRAF status on OS
in this group showed that BRAF mutation had
negative prognostic effect, with a univariate HR
of 1.8 (95% CI, 1.1 to 3.0; P = .026). Kaplan-
Meier estimate of OS by BRAF status is pre-
sented in Figure 2.

In the general population, the median OS in
groups treated with FU only, combination che-
motherapy, and combination treatments with
bevacizumab was 1.1 years, 1.4 years, and
1.7 years, respectively. The results of these treat-
ments in met/MSI-H BRAF-WT only patients was
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1.8 year, 1.4 year, and 1.8 year, respectively. Kaplan-
Mayer plot of OS in the BRAF-W'T population is
presented in Figure 3 (log-rank P value for treat-
ment comparison = .81).

Effect of Treatment Onset Period on OS in
the BRAF-WT Population

No significant treatment-period effect was seen
in BRAF-WT met/MSI-H cases (median OS
of 22, 17, and 20 months for study periods of
2002 or earlier, 2003 to 2006, and 2007 or later,
respectively). In contrast, among the BRAF-W'T
met/MSS cases, a significant improvement in
OS was observed over the same time periods
(median OS of 14, 18, and 25 months, respec-
tively; log-rank P = .002).

Predictive Effect of MSI on OS in the
BRAF-WT Population

To evaluate possible differences in response to
metastatic disease treatment between the patients
with met/MSI-H and those with met/MSS, all
treatment protocols were pooled to represent any
combination treatment as opposed to FU-only
regimens that consisted of FU + LCV and
capecitabine. Figure 4 presents OS by treatment
group, separately for patients with met/MSS
(Fig 4A) and patients with met/MSI-H (Fig 4B),
in the homogenous population of BRAF-WT
cases. Although there is no significant bene-
fit observed from any combination treatment in
the met/MSI-H group (adjusted HR, 0.93; 95%
CI, 0.54 to 1.60; P = .78), in the larger met/MSS
tumor group, a significant improvement of OS
with an any combination treatment was observed
(adjusted HR, 0.58; 95% CI, 0.47 to 0.71;
P < .001). The P value of the interaction was .07,
suggesting meaningful differences in the behav-
ior of metastatic disease by treatment approach.
A sensitivity analysis adjusting for study period
revealed similar results.

Prognostic Effect of MSI Status in the
BRAF-WT Population

The prognostic role of MSI status in the meta-
static disease setting was assessed in the popula-
tion of patients who were indicated to receive an
FU-only regimen as having the smallest or even
no treatment effect, according to the literature.
The adjusted HR comparing met/MSI-H versus
met/MSS in this population is 0.58, with 95%
CI of 0.35 to 0.98 (P = .042).
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DISCUSSION

Data on chemotherapy treatment response of
MSI-H mCRC are sparse. The MECC study
reported here has recruited and collected mate-
rials over a time span of 17 years from close to
6,000 cases of CRC and served as the source for
the 590 cases who were diagnosed with, or later
developed, metastases and for whom detailed
treatment information was available. All cases
participating in the final analysis were evalu-
ated for their MSI status, which was performed
in only approximately two thirds of all cases
recruited into MECC, with enrichment for sug-
gestive phenotypes.

In accordance with other published literature,
cases with MSI-high mCRC in our study were
younger at diagnosis and had a higher propor-
tion of BRAF mutations,**** with a similar pro-
portion of right-sided tumors. Although MSI-H
tumors are described as having a much better
prognosis than MSS tumors for early-stage dis-
ease, the proportion of tumors diagnosed with
metastases at the time of diagnosis was similar
between MSI-H cases and MSS cases. The
leading randomized controlled trials evaluat-
ing the effect of various chemotherapy regi-
mens in mCRC were not randomized by MSI
status, and most have not provided subgroup
analyses of the results according to their MSI
status.

Our study has three major findings. We rein-
forced the formerly reported poor prognosis
associated with BRAF mutations and demon-
strated that this also holds for met/MSI-H
BRAF-mutated cases. We verified that the sur-
vival of patients with mCRC indeed improved
with the introduction of new chemotherapies
but showed that the improvement in survival was
limited to the met/MSS, BRAF-W'T cases and
was not evident in the met/MSI-H, BRAF-WT
group of patients. We were unable to have a
comparison with an observation-only group, and
no future studies are likely to include such an
arm. Our observational data found no difference
in OS among metastatic MSI-H cases between
cases treated with a basic FU + LCV regimen
only, compared with cases treated with any
(oxaliplatin or irinotecan) combination chemo-
therapy with or without bevacizumab, whereas
a significant OS improvement was found with
advanced chemotherapy in met/MSS cases.
We could not evaluate the role of anti-EGFR
treatment because of the low number of years
of follow-up of patients receiving this recently
developed treatment. Similarly, we did not have
any cases that were treated with immune check-
point inhibitors at the time interval of the cur-
rent analysis.

Few reports evaluated the effect of chemother-
apy in met/MSI-H cases. Although early studies
reported a positive effect of high-dose FU + LCV
in patients with met/MSI-H in comparison with
patients with met/MSS,**¢ more recent studies
of FU, in combination with irinotecan or oxal-
iplatin, did not show benefit.!®313437

One study®' showed a trend toward benefit of
oxaliplatin-based treatment in cases of MSI-H
mCRC. Our data do not have enough power to
evaluate specific therapeutic regimens.

We chose to exclude from our study all metastatic
cases that were not treated at all, because of the
inability to assess the causes for no treatment and
biases that could stem from it. Therefore, we could
not compare treatment effects with supportive
care only. Comparison of OS results in met/MSS
and met/MSI-H groups supports biologic differ-
ences, with a baseline survival advantage for the
MSI-H group. Because our observation period
spread over many years, with changes in treat-
ment guidelines, we studied the effects of time
periods on OS and found a significant improve-
ment in MSS tumors but not in MSI-H tumors.
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Published data on the effect of BRAF mutation
on prognosis in patients with met/MSI-H were
published on a group of CRC stages II to IV,*®
potentially underrepresenting the few cases
with stage IV disease. Extremely poor outcomes
in this patient group support the use of the
FOLFOXIRI (oxaliplatin, irinotecan, fluoroura-
cil, leucovorin) protocol in the unselected group
of BRAF-mutated cases. Given the much higher
prevalence of BRAF mutations in the MSI-H
cases,'?%*? it is important to study the outcomes
of FOLFOXIRI in this subgroup of patients
with met/MSI-H.

Our study is limited by the relatively modest
sample size of patients with MSI-H mCRC.
Advantages of our population-based sampling of
incident cases with long-term follow-up include
generalizability to community practice in a large
and well-defined population. The representa-
tive, observational nature of the data from a large
health system, in combination with molecular
evaluation of all tumor tissues, offers a framework
for understanding clinical practice over nearly
two decades in a universally insured group of
patients in a single country.

MST status is becoming a cornerstone of individ-
ualized decision making with regard to a variety

of potential oncological interventions, and this
trend is likely to continue with the introduction
of immunotherapy.** Routine mutational pro-
filing of mCRC and specifically MSI testing and
other assays that designate deficient mismatch
repair have already been recommended.’”**
The failure of conventional advanced treatments
to improve survival in the meaningful subset of
met/MSI-H cases emphasizes the need to eval-
uate the role of the newly introduced immuno-
therapy as a first-line treatment in these cases

with MSI-H/BRAF-WT mCRC.

In conclusion, therapeutic approaches to mCRC
have changed dramatically during the past two
decades, with increasing reliance on the molecu-
lar features of tumors to inform treatment deci-
sions. Microsatellite instability and its molecular
subtypes are likely to continue to be a target
for development of new treatment options for
patients with CRC. Ongoing and future clinical
trials evaluating the effect of biologic and immu-
nologic agents should be designed to take into
account the MSI status of the tumors.
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