
O� 025 Association between tumor mutation burden (TMB) and MLH1,
PMS2, MSH2, and MSH6 alterations in 395 microsatellite instability-
high (MSI-High) gastrointestinal (GI) tumors

1, A Grothey2, R Goldberg3, J Xiu4, W Korn4, A Shields5, J Hwang1, P Philip6,
7, J Marshall1

Comprehensive Cancer Center, Georgetown University, Washington, District
ia, USA, 2Mayo Clinic, Rochester, Minnesota, USA, 3Comprehensive Cancer

at The Ohio State University, Columbus, Ohio, USA, 4Caris Life Sciences, Phoenix,
Arizona, USA, 5Karmanos Cancer Center, Detroit, Michigan, USA, 6Karmanos Cancer
Center, Detroit, Michigan, USA, 7USC Norris Comprehensive Cancer Center, Los Angeles,
California, USA

Introduction: Correlation between TMB and objective response to checkpoint inhibi-
tors has been shown. MSI-High tumors usually exhibit high TMB. Relationship
between the level of TMB and alterations in the four-mismatch repair deficiency
(MMR) genes in gastrointestinal tumors has not been comprehensively studied.

Methods:MSI-High status was determined by examining altered microsatellite (MS)
loci using NextGen sequencing (cutoff:>¼46) on a 592-gene panel. TMBwas calcu-
lated by enumerating somatic missense mutations. MMR protein expression was eval-
uated by IHC. ANOVA and chi-square tests were used for comparisons.

Results: In total, 395MSI-High gastrointestinal tumors were examined. High TMB (�
17mutations/megabase [mt/MB]) was seen in 89% of theMSI-High tumors. Overall,
MSI-High CRC exhibited the highest TMB compared to “all otherMSI-High gastroin-
testinal cancers” (39 vs. 27mt/MB, respectively, p< 0.0001). Left-sidedMSI-High
tumors had a higher TMB compared to right-sided tumors (51 vs. 35mt/MB,
p¼ 0.01). No significant differences were observed in TMB between BRAF V600
mutant and wild typeMSI-High CRC (38.7 vs. 39mt/MB). Significant association
between the microsatellite loci and TMB (Rho¼0.60, p< 0.0001) was observed. The
mean TMB amongMSI-High gastrointestinal tumors were as follow: 39 (mt/MB)
CRC, 33 (mt/MB) gastric adenocarcinomas, 31 (mt/MB) small bowel adenocarcino-
mas, and 29 (mt/MB) in esophageal, GEJ, and pancreatic cancers, and cholangiocarci-
noma. The most frequently altered (IHC loss or mutation)MMR genes in theMSI-
High gastrointestinal tumors were MLH1 and PMS2. In CRC,MSH2 was more fre-
quently altered in left-sided than right-sided tumors (45% vs. 12%), as wasMSH6
(67% vs. 40%), p¼ 0.01. In fact MLH1, PMS2, MSH2 andMSH6 gene alterations var-
ied significantly across MSI-H gastrointestinal tumors: CRC 72%, 83%, 21% and 49%;
left-sided CRC, 47%, 55%, 45%, 67%; right-sided CRC, 80%, 91%, 12%, 40%; gastric
adenocarcinomas, 80%, 86%, 13% and 35%; esophageal and GEJ adenocarcinomas,
100%, 100%, 0% and 13%; small bowel adenocarcinomas, 79%, 75%, 29% and 43%;
pancreatic adenocarcinomas, 50%, 60%, 50%, 42%; cholangiocarcinoma, 83%, 80%,
33% and 60%; respectively. Generally, MSH2 orMSH6 alterations were associated with
higher TMB (49 and 44mt/MB, respectively) thanMLH1 or PMS2 (33mt/MB for
both), P< 0.0001. Furthermore, tumors with aMSH2/MSH6 co-alteration had a sig-
nificantly higher TMB compared to those with aMLH1/PMS2 co-alteration (51mt/
MB vs. 31, p< 0.0001). However, no significant difference was observed in the level of
TMB amongMSI-High tumors that exhibited aMSH2/MSH6 co-alteration (52mt/
MB), a MSH2 alteration (51mt/MB), or aMSH6 (48mt/MB), p¼ 0.95.

Conclusion: AmongMSI-High gastrointestinal cancers, CRC exhibited the highest
TMB level, and left-sided tumors exhibited higher TMB than right-sided tumors.
MSH2 and/or MSH6 alterations were associated with a significantly higher TMB than
MLH1/PMS2 alterations across all gastrointestinal cancer types. Additional analysis to
assess the correlation between specific MMR gene alterations and response to check-
point inhibitors is underway.
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Introduction: Small fragments of circulating cell-free DNA (cfDNA) can be detected in
blood from cancer patients. Previous studies have shown a prognostic value mainly
prior to second and subsequent lines of metastatic colorectal cancer (mCRC).We
aimed to analyze the prognostic value of total plasma cfDNA in a patient population
prior to first-line oxaliplatin-based chemotherapy for non-resectable mCRC in the
NORDIC-VII study.

Methods: A total of 547 patients had blood samples available for pre-treatment quanti-
fication of total cfDNA. Plasma samples were used for DNA purification and quantifi-
cation of total cfDNA by droplet digital polymerase chain reaction (measuring beta-2-
microglobulin DNA concentration) with controls for contamination from normal lym-
phocytes. Clinical endpoint was overall survival (OS).

Results: Total cfDNA levels were successfully quantified in plasma from 499 patients,
48 samples were excluded mainly due to lymphocyte contamination. The median level

was 7,833 alleles per mL plasma (range 1,050 – 1,645,000). High total cfDNA levels
were associated with poor performance status, intact primary tumor and presence of
liver metastases. There was no significant difference in cfDNA levels according to treat-
ment arms. When dividing patients into groups of cfDNA quartiles, worse survival was
seen with increasing pre-treatment levels of total cfDNA ( p< 0.001). Patients with
total cfDNA above median levels (n¼ 250) had an OS of 16.1months (95% CI 14.4 –
17.8) compared to patients with belowmedian levels (n¼ 249) with an OS of 25.1
months (95%CI 22.4 –27.8, p< 0.001). In a Cox regressionmultivariate analysis
(n¼ 496), total cfDNA level remained an independent prognostic marker ( p¼ 0.001)
after adjusting for performance status, carcinoembryonic antigen (CEA) and alkaline
phosphatase (ALP) levels.

Conclusion: The level of total cfDNA in plasma has prognostic value in patients with
mCRC prior to first-line oxaliplatin-based chemotherapy.
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Introduction: The BRAFV600Emutation, which occurs in 10%–15% of patients with
metastatic colorectal cancer (mCRC), confers a poor prognosis. After failure of first-
line approaches, standard therapies in such patients provide limited benefits, with
objective response rates (ORRs)<10%, progression-free survival (PFS) of�2months,
and overall survival (OS) of 4–6months. BEACONCRC (NCT02928224) is an ongoing
phase 3 trial with a primary endpoint of OS for the BRAF inhibitor encorafenib
(ENCO)þMEK inhibitor binimetinib (BINI)þ anti–epidermal growth factor recep-
tor (EGFR) antibody cetuximab (CETUX) vs control arm (irinotecan/CETUX or
FOLFIRI/CETUX) in patients with BRAFV600EmCRCwith disease progression after
1–2 previous regimens. To assess the safety and efficacy of the ENCOþ BINIþ
CETUX triplet, a safety lead-in (SLI) was conducted in the BEACONCRC trial.

Methods: Patients received ENCO 300mgQDþ BINI 45mg BIDþCETUX 400mg/
m2 (initial dose) then 250mg/m2QW. Assessments included efficacy (ORR, duration
of response, time to response, PFS, ORR, and OS), safety, tolerability, and changes in
tumor markers CEA and CA19-9 (evaluated by central laboratory based on blood sam-
ples collected on cycle 1 day 1 and day 1 of subsequent cycles, and at end of treatment).
Current data reflect patient study drug exposure of up to 11.9 (median: 7.8) months.
Updated safety and efficacy from the SLI, including the first analysis of OS, will be pre-
sented at the meeting.

Results:Of 30 patients receiving the triplet combination, BRAFV600Emutation was
detected in 29. Among these, confirmedORR (complete response [CR]þ partial
response) occurred in 14/29 (48%) patients, including CR in 3/29 patients. Responses
were ongoing in 6/14 responding patients (43%) at the time of data cutoff; the remain-
ing 15 patients achieved a best response of stable disease (SD; 9 patients [60%] had pro-
longed SD� 6months). Preliminary estimatedmedian PFS was 8.0 months (95%CI,
5.6–8.5) and similar in patients who had 1 vs 2 previous regimens (7.6 vs 8.1 months,
respectively). Among the 30 treated patients, grade 3/4 AEs (in� 10%) were fatigue
(13%), urinary tract infection (10%), increased aspartate aminotransferase (AST;
10%), and increased blood creatine phosphokinase (10%); of these, all were grade 3
except for grade 4 AST in 1 patient. Grade 3/4 skin-related AE (grade 3 rash) occurred
in 1 patient (3%).

Conclusion: The ENCOþ BINIþCETUX triplet combination was well tolerated,
with AEs consistent with known toxicities of BRAF,MEK, and EGFR inhibitors.
Efficacy outcomes showed substantial improvements over historical data in patients
with BRAFV600EmCRC, with PFS exceeding OS achieved with current standards of
care. The phase 3 portion of the BEACONCRC trial has been initiated, with enrollment
ongoing.
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