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Agenda

• Genomic Landscape of CRC

• dMMR/MSI-H

• HER2

• BRAF V600E

• KRAS G12C



CRC: Molecular Landscape

With permission from Kanwal Raghav



dMMR or MSI-H CRC: Frameshift Neoantigens
MSI-high

N=141

Giannakis et al. Cell Report 2016; Kloor et al. Trends in Cancer 2016; Chalmers et al.  Genomic Medicine 2017; 2013 Kim et al. Cell

N=619 CRC



PD1 Monotherapy in dMMR/MSI-H Cancers

Nivolumab

Overman M, et al.  Lancet Onc. 2017; Lee JW, et al. JCO. 2020; Marabelle A, et al. JCO. 2019; Azad S, et al. JCO. 2019; Oaknin et al. JAMA Onc 2020; Li et al ASCO 2021

ORR 31%
PD 28%

ORR 34%
PD 39%

Checkmate 142 (CRC)
(N=71)

Keynote 158 (non-CRC)
(N=233)

Keynote 164 (CRC)
(N=124)

Pembrolizumab

ORR 33%
PD 40%

ORR 33%
PD 46%

ORR 36%
PD 23%

MATCH Z1D (non-CRC)
(N=42)

Dostarlimab

ORR 42%
PD 38%

Tislelizumab

ORR 46%
PD 20%

Endometrial

CRC + non-CRC



CHECKMATE-142 Five Year Follow-up: Progression-free survival
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52%
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Cohort 1
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No. at risk

Cohort 2
2L+ NIVO + IPIb

(N = 119)

Cohort 3
1L NIVO + IPIb

(N = 45)

Cohort 1
2L+ NIVOb

(N = 74)

13.8 NR NRMedian PFS,a mo
4.7–38.2 32.8–NE 28.8–NE95% CI

Overman et al. ASCO 2022

5 year follow-up

Regorafenib in refractory mCRC
Progression-free Survival



Keynote 177: 1st line pembrolizumab vs chemotherpay

Pembrolizumab
N = 153

Chemotherapy
N = 154

Progressive disease 45 (29.4) 19 (12.3)

Andre T et al. NJEM 2020

PFS OS

(chemotherapy arm PD: 12.3%)



Ongoing Phase III Trials First Line dMMR mCRC

dMMR/MSI-H mCRC without 
prior systemic treatment for 

metastatic disease
(N = 211)

R mFOLFOX6/Bevacizumab
(Arm 1: Control)

mFOLFOX6/Bevacizumab +
Atezolizumab

(Arm 3: Combination)

Atezolizumab
(Arm 2: Single Agent)

ARM closed
6/4/2020

NCT02997228

PI: (SWOG): Michael Overman, MD
PI: (NRG Oncology):Caio Max Sao Pedro Rocha LIma MD

Rocha Lima et al. GI ASCO 2022; Abdullaev et al. GI ASCO 2021

NCT04008030

Checkmate 8HW

NRG GI004/SWOG 1610



Fusions in mCRC and RAS/RAF wt and MLH1 methylation

• 2,314 CRC from MSK-IMPACT NGS: 
• Fusion rate 5% of dMMR/MSI-H (0.4% of pMMR/MSS)
• 42% of dMMR/MSI-H, RAS/RAF wt and MLH1 hypermethylation

Cocco et al. Can Res 2019; Sato et al. CCR 2018, Fu et al. ESMO 2020 a83MO
 

• 162 MSI-H CRC: 
• Fusion rate: 10%
• 55% of dMMR/MSI-H, RAS/RAF wt and MLH1 hypermethylation

• CRC fusion rate: 
• MSS: 0.2%
• MSI-H: 7.85%

3DMed NGS tumor/nml 
20,296 solid tumor specimens

4891 CRC specimens



Questions for dMMR localized Colorectal Cancer

• Is adjuvant or neoadjuvant the correct approach?

• Should organ preservation be our goal?

• Is chemotherapy needed? 

• Is PD1 monotherapy enough?

• How do we do neoadjuvant PD1 therapy for dMMR colon cancer?
• How best to clinically stage colon cancer?
• How best to assess disease response?
• How long to treat?



SWOG 1801: Melanoma

Patel et al. ESMO 2022 and NJEM 2023

Neoadjuvant arm:
pCR was 21%

HR 0.58

2 year EFS
72% vs 49%



Neoadjuvant Therapy for dMMR Cancers: FOXTROT Trial

Seymour et al. ESMO 2019 and Morton et al. JCO 2023

Similar?

Percent 
Recurred

No regression

Mild regression
Mod/Marked/Complete regression

dMMR Cohort (N=106)



Cercek et al. NEJM 2022, Papke NEJM 2022

Dana-Farber/Brigham Women’s
16,083 CRC endoscopic biopsies
• 5553 rectal
• 10,530 colon

Rectal
2.7% dMMR

Colon
13.4% dMMR 5 fold greater rate!

Dostarlimab, anti-PD1



Ludford and Overman et al. JCO 2023



Neoadjuvant Pembrolizumab Efficacy

Response Rate: 82%

• 2 pancreas
• 2 CRC intrinsic: 

• Non luminal recurrence with peri anastomosis node progression
• clinical PD (ypt4bN0)

• 2 CRC adaptive:
• 6months PR (nodal response but luminal tumor progression)
• 9m SD (NGS not consistent with dMMR)

6 Progression events (N=35): CRC N =27

Ludford and Overman et al. JCO 2023



NICHE Clinical Trial

Chalabi et al Nat Med 2020 and ESMO 2022

• Median duration from first tx to surgery 32 days (IQR: 28-35)

• Ipilimumab 1mg/kg Day1
• Nivolumab 3mg/kg Day 1 + 15

NICHE-2 Clinical Trial

• Median duration from first tx to surgery 35 days

Path Response Patients (N=107)

YES 106 (99%)

• Major (<10%) 102 (95%)

• Complete (0%) 72 (67%)

• Partial (10-50%) 4 (4%)

NO 1 (1%)



NCCN Rectal update 4.25.2023



Rectal Case Presentation

MRI Impression:

 “Recurrent tumoral 
inseparable from the left 
levator. Residual tumor 
with significant fibrosis, 

(TRG2)“

APR

Pembro x 6m

• 51y/o Caucasian female with Lynch and mT3N1



Colon Case Presentation
• 63y/o Caucasian female with locally advanced 

ascending sporadic dMMR colon cancer

Pembro x 6m



 
 
  
 
 
 
 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  
 
 

Cemiplimab 
x 2 Cycles 

Response assessment* at 6 
wks: 

• Imaging 
• Endoscopy 

Clinical Benefit Cemiplimab 
x 6 cycles 

No clinical 
benefit 

Standard of care Operation 

Watch** 

Operation 

Prior to treatment: 
Imaging, CEA 
Blood collection 
Endoscopy evaluation 
and tissue collection 

Off study 

Tissue collection 

Blood collection 
Imaging 

Tissue collection 

Endo CR 

Endo non-CR 

*Clinical benefit achieved if patient meets any of the 
following criteria: 

• Patients with visible endoscopic response 
• No imaging evidence of extraluminal PD 

according to RECIST v1.1 criteria 
• CEA reduction 
• Patients who report improvement in symptoms 

**Surveillance  
• Endoscopy every 6 months for first 2 years 

and then annually up to 5 years after treatment 
completion 

• Imaging every 6 months until 5 years after 
treatment completion 

Tissue collection 

The week 6 tumor evaluation is designed to verify no luminal progression of tumor by endoscopy and 
all patients must have endoscopic response (complete or incomplete) on endoscopic assessment 

Phoenix Trial: Phase II trial of cemiplimab for the non-operative 
management of localized dMMR colon cancer 

MDACC trial
Overman PI



NCCN guidelines for mCRC

Raghav [NCCN (last accessed 1/30/2023)] (2023)

Dual HER2 Inhibition

HER2 Antibody-drug Conjugate



Her2 Targeting in mCRC

Wu et al. ASCO 2023



S1613 (Efficacy)

Raghav GI ASCO (2023)



DESTINY-CRC01: Trastuzumab Deruxtecan (T-
DXd)

PRESENTED BY:

DESTINY-CRC01

ORR by Subgroup in Cohort A
6

Takayuki Yoshino, MD

ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor 2; HER2+, HER2-positive; IHC, immunohistochemistry; ISH, in situ hybridization; ORR, objective response rate.

Reprinted from The Lancet Oncology, Vol 22, Siena S et al. Trastuzumab deruxtecan (DS-8201) in patients with HER2-expressing metastatic colorectal cancer (DESTINY-CRC01): a multicentre, open-label, phase 2 trial. Pp 779-789, 2021, with 

permission from Elsevier.

ORR, % 95% CI
HER2+ Cohort A n = 53 45.3 31.6-59.6

Age <65 y (n = 35) 42.9 26.3-60.6
≥65 y (n = 18) 50.0 26.0-74.0

Sex Female (n = 28) 42.9 24.5-62.8
Male (n = 25) 48.0 27.8-68.7

Region
Asia (n = 15) 33.3 11.8-61.6

North America (n = 10) 60.0 26.2-87.8
Europe (n = 28) 46.4 27.5-66.1

ECOG PS 0 (n = 37) 54.1 36.9-70.5
1 (n = 16) 25.0 7.3-52.4

HER2 status IHC 3+ (n = 40) 57.5 40.9-73.0
IHC 2+/ISH+ (n = 13) 7.7 0.2-36.0

Prior HER2 treatment Yes (n = 16) 43.8 19.8-70.1
No (n = 37) 45.9 29.5-63.1

ORR (%)
1000 30 7010 50 9020 40 8060

PRESENTED BY:

DESTINY-CRC01

Efficacy Results
4

Takayuki Yoshino, MD

HER2 IHC 3+ or IHC 2+/ISH+ 
Cohort A 

n = 53

HER2 IHC 2+/ISH–
Cohort B

n = 15

HER2 IHC 1+ 
Cohort C

n = 18

Confirmed ORR by ICR, n (%)
24 (45.3) 

[95% CI, 31.6-59.6]
0

[95% CI, 0.0-21.8]
0

[95% CI, 0.0-18.5]
CR 0 0 0

PR 24 (45.3) 0 0

SD 20 (37.7) 9 (60.0) 4 (22.2)

PD 5 (9.4) 5 (33.3) 10 (55.6)

NEa 4 (7.5) 1 (6.7) 4 (22.2)

DCR, % (95% CI) 83.0 (70.2-91.9) 60.0 (32.3-83.7) 22.2 (6.4-47.6)

Median DOR (95% CI), months 7.0 (5.8-9.5) NE (NE-NE) NE (NE-NE)

Median treatment duration (95% CI), months 5.1 (3.9-7.6) 2.1 (1.4-2.6) 1.4 (1.3-1.5)

Median PFS (95% CI), months 6.9 (4.1-8.7) 2.1 (1.4-4.1) 1.4 (1.3-2.1)

Median OS (95% CI), months 15.5 (8.8-20.8) 7.3 (3.0-NE) 7.7 (2.2-13.9)

CR, complete response; DCR, disease control rate; DOR, duration of response; HER2, human epidermal growth factor receptor 2; ICR, independent central review; IHC, immunohistochemistry; ISH, in situ hybridization; NE, non-evaluable; 
ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
aPatients were missing postbaseline scans.

PRESENTED BY:

DESTINY-CRC01

Best Percentage Change in Tumor Size in Cohort A and OS in All Cohorts 
5

Takayuki Yoshino, MD

HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization; OS, overall survival.
The line at 20% indicates progressive disease. The line at –30% indicates partial response. a4 patients from the full analysis set were excluded since 1 patient had no measurable target lesion and 3 patients had no postbaseline data. bBy local 
assessment. Reprinted from The Lancet Oncology, Vol 22, Siena S et al. Trastuzumab deruxtecan (DS-8201) in patients with HER2-expressing metastatic colorectal cancer (DESTINY-CRC01): a multicentre, open-label, phase 2 trial. Pp 779-
789, 2021, with permission from Elsevier. 

Overall Survival
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ORR by Subgroup in Cohort A
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Takayuki Yoshino, MD

ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor 2; HER2+, HER2-positive; IHC, immunohistochemistry; ISH, in situ hybridization; ORR, objective response rate.

Reprinted from The Lancet Oncology, Vol 22, Siena S et al. Trastuzumab deruxtecan (DS-8201) in patients with HER2-expressing metastatic colorectal cancer (DESTINY-CRC01): a multicentre, open-label, phase 2 trial. Pp 779-789, 2021, with 

permission from Elsevier.
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No (n = 37) 45.9 29.5-63.1

ORR (%)
1000 30 7010 50 9020 40 8060

Yoshino et al. Nature Com 2023



T-DM1: ado-trastuzumab emtansine 
Limited Activity in Refractory HER-2 Positive mCRC 

Sartore-Bianchi ESMO Open (2020), Jhaveri AOO (2019)

NCI-MATCH trial (EAY131)
Subprotocol Q

HER2+ = CN>7 per NGS
N = 36
PR: 2 (5.6%) 
6-month PFS: 23.6% 

N = 31
PR: 9.7%
mPFS: 4.1m

HERACLES-B Trial



BEACON phase III: BRAF + anti-EGFR therapy

Kopetz S et al, NEJM 2019

Treatment refractory, 
BRAFV600E, RASWT 

metastatic CRC

Irinotecan + 
cetuximab

Encorafenib  
+ cetuximab 
+ binimetinib

N=665 (1:1:1 randomization)

Encorafenib 300 mg daily
Binimetinib 45 mg twice daily
Cetuximab 2500 mg/m2 every eek

Encorafenib  
+ cetuximab 

ORR 26%*

ORR 20%*

ORR 2%

*denotes statistical significance relative to control arm



BREAKWATER Frontline Trial and Rationale

NCT04607421
• BRAFV600E 

metastatic CRC
• No prior 

systemic therapy 
for metastatic 
disease

Randomize
1:1:1

Standard chemotherapy

Encorafenib + cetuximab

FOLFOX + encorafenib + cetuximab

N = 290 per arm

Parseghian et al. JCO 2023



Tumor Agnostic BRAFV600E  for CRC?

Vemurafenib Dabrafenib + 
trametinib

Kopetz S et al JCO 2015; Corcoran RB et al JCO 2015; Falchook GS et al 2012; Gomez-Roca CA et al Annals Oncol 2014

ORR 
12%

N ORR 
(%)

mPFS 
(months)

mOS 
(months)

Vemurafenib 21 5 2.1 7.7

Dabrafenib 11 11 NA NA

Encorafenib 18 0 4 NA

Dabrafenib + 
trametinib

43 12 3.5 NA



Targeting KRASG12C +/- EGFR in pts w/ KRASG12C CRC

Sotorasib + panitumumab

Fakih MG et al Lancet Oncol 2022; Kuboki Y et al ESMO 2022; Klempner S et al ESMO 2022

Sotorasib

Sotorasib Sotorasib + 
panitumumab

N 62 40

ORR (%) 10 30

DCR (%) 82 93

PFS (m) 4.0 5.7

OS (m) 10.6 NE

DoR (m) 4.2 4.4

Adagrasib + cetuximab

Adagrasib Adagrasib + 
cetuximab

N 43 28

ORR (%) 19 46

DCR (%) 86 100

PFS (m) 5.6 6.9

OS (m) 19.8 13.4

DoR (m) 4.3 7.6

Adagrasib



Hong et al. ASCO 2023

CodeBreak 101: Targeting KRAS G12C Plus Chemotherapy

ORR: 55%



Outlook for targeting KRASmut mCRC

Hofmann M et el, Cancer Discovery 2022



Conclusions

• Test mCRC for genomic markers: NGS panel

• Treat dMMR/MSI-H mCRC with PD1 based therapy
• Manage dMMR/MSI-H rectal cancers non-operatively

• For Her2 amplified mCRC dual HER2 inhibition is active

• For BRAF V600E, BRAF + EGFR targeted agents improves survival 

• For KRASG12C mCRC combination therapy is coming


