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ØReview current and emerging molecular targets in advanced CRC

ØDiscuss relevant novel targeted therapies

ØIdentify future treatment strategies
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CodeBreaK 101 
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Efficacy Summary
Change From Baseline in Sum of Target Lesions

Salvatore Siena, MD

A total of 38 patients (95%) achieved disease control*, and all patients had reduction in target lesions
Data cutoff, July 15, 2024. *ORR analysis set includes all patients who received at least 1 dose of investigational products, have one or more measurable lesions at baseline assessed using 
RECIST 1.1, and had the opportunity to be followed for at least 7 weeks starting from day 1. †One patient had a confirmed CR after data cutoff. ‡Patient had only non-evaluable scans before 
end of study. *Achieved a complete response, partial response, or stable disease. BOR, best overall response; CR, complete response; FOLFIRI, irinotecan, leucovorin plus 5-fluorouracil; ORR, 
objective response rate; PD, progressive disease; PR, partial response; SD, stable disease; SOD, sum of lesion diameter.

ORR by Investigator 
Assessment*

Sotorasib + Panitumumab 
+ FOLFIRI

(N = 40)

ORR, n (%) 31 (78)

Complete response† 0

Partial response 31 (78)

Stable disease 7 (18)

Progressive disease 1 (3)

Not evaluable‡ 1 (3)

Patients with liver metastasis 
only, n / N (%) 7 / 7 (100)

Left-sided tumor, n / N (%) 22 / 27 (82)

Right-sided tumor, n / N (%) 6 / 10 (60)Efficacy Summary
Change From Baseline in Sum of Target Lesions
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Treatment-Related Adverse Events

Data cutoff, July 15, 2024. FOLFIRI, irinotecan, leucovorin plus 5-fluorouracil; TRAE, treatment-related adverse event.

Sotorasib + Panitumumab + FOLFIRI
(N = 40)

Any-grade TRAEs, n (%) 40 (100)

Grade ≥ 3 23 (58)

Leading to dose reduction/interruption 35 (88)

Sotorasib 20 (50)

Panitumumab 26 (65)

5-fluorouracil 28 (70)

Irinotecan 25 (63)

Leading to discontinuation 7 (18)

Sotorasib 1 (3)

Panitumumab 2 (5)

5-fluorouracil 5 (13)

Irinotecan 4 (10)

Discontinued all study therapy 1 (3)

• TRAEs were consistent with known 
safety profiles of sotorasib, 
panitumumab, and FOLFIRI

• No fatal TRAEs occurred

TRAEs Occurring in ≥ 30% of All patients

Diarrhea

Neutrophil count decreased

Nausea

Dry skin

Dermatitis acneiform

Paronychia

Rash

Hypomagnesemia

0 10 20 30 40 50 60
Patients, %

Grade 2
Grade 3
Grade 4

63%

55%

50%

38%

Grade 1

48%

60%

40%

35%

Study Schema

*NCT04185883. †Treatment until disease progression, withdrawal of consent, or end of study. ‡No dose adjustment was needed. DCR, disease control rate; DOR, duration of response; 
FOLFIRI, irinotecan, leucovorin plus 5-fluorouracil; IV, intravenous; KRAS, Kirsten rat sarcoma virus; mCRC, metastatic colorectal cancer; ORR, objective response rate; OS, overall survival; 
PFS, progression-free survival; PK, pharmacokinetics; PO, orally; Q2W, every 2 weeks; RECIST, Response Evaluation Criteria in Solid Tumors; RP2D, recommended phase 2 dose; TTR, time 
to response. 

CodeBreaK 101 subprotocol H phase 1b, multicenter, open-label study*: sotorasib + panitumumab + 
FOLFIRI in first-line KRAS G12C–mutated mCRC

Primary endpoint: Safety and tolerability 
Secondary endpoints: Anti-tumor efficacy (ORR, DCR, DOR, TTR, PFS per RECIST v1.1, and OS) and PK

• KRAS G12C–mutated mCRC, 
identified through local molecular 
testing

• KRASG12C inhibitor–naivety
• No prior systemic treatment for 

metastatic disease

Key eligibility criteria

Sotorasib 960 mg 
was determined 
as the R2PD in 
part 1 cohort B‡

Sotorasib: 960 mg 
PO daily

+
Panitumumab: 6 mg/kg 

IV Q2W
+

FOLFIRI IV 
Q2W

Part 2: Cohort F
Dose expansion†

(N = 40)

Salvatore Siena, MD
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RAS inhibition

Punekar, S.R., Velcheti, V., Neel, B.G. et al. Nat Rev Clin Oncol 19, 637–655 (2022).
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MOONRAY-01: Phase 1a/b of LY3962673 in KRAS G12D-Mutant Solid Tumors

Eli Lilly and Company Clinical Protocol J5J-OX-JZZA 
LY3962673 Version 4.0 

 Confidential & Proprietary Page 27 of 142 

1.2 Trial Schemas  

Figure 1: Phase 1a Trial Schema  

 

Abbreviations: DL = dose level, QD = once daily. 
 

Approved on 23 May 2025 GMT

Eli Lilly and Company Clinical Protocol J5J-OX-JZZA 
LY3962673 Version 4.0 

 Confidential & Proprietary Page 28 of 142 

Figure 2: Phase 1b Trial Schema  

 

* One or more cycles of therapy immediately prior to enrollment may be allowed for treatment-naïve participants, as specified in Section 5.3. 

Approved on 23 May 2025 GMT

Eli Lilly and Company Clinical Protocol J5J-OX-JZZA 
LY3962673 Version 4.0 
 

 Confidential & Proprietary Page 66 of 142 

iv) Cohort B5: Individuals must be treatment naïve for advanced or metastatic PDAC.  

v) Cohorts B2 and B3: Individuals may not have previously received gemcitabine or 
nab-paclitaxel more than 28 days prior to the start of study treatment 

vi) Cohorts B4: Individuals may not have previously received any FOLFIRINOX-based 
regimens more than 28 days prior to the start of study treatment 

b) Part C @ CRC 

i) Histologically or cytologically confirmed KRAS G12D mutant CRC. 

ii) Cohorts C1 and C2: Must have received k 1 prior fluoropyrimidine-based therapy 
for CRC. 

iii) Cohorts C3, C4, and Cohort C5: Individuals may be treatment naïve for advanced 
or metastatic CRC. 

iv) Cohorts C3, C4, and C5: Individuals may not have previously received the 
5-FU-based regimen planned to be administered on study more than 28 days prior to 
the start of study treatment. 

c) Part D @ NSCLC 

i) Histologically or cytologically confirmed KRAS G12D-mutant NSCLC. 

ii) Must have received k 1 prior line(s) of therapy for advanced or metastatic NSCLC.  

d) Part E - Other Solid Tumors 

i) Histologically or cytologically confirmed KRAS G12D-mutant advanced or metastatic 
solid tumor other than PDAC, CRC, or NSCLC. 

ii) Must have received k 1 prior line(s) of systemic therapy for advanced or metastatic 
disease. 

6) Have an ECOG performance status of j 1.  

Approved on 23 May 2025 GMT
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BACKGROUND
First-line treatment with encorafenib plus cetuximab (EC) with or without chemo-
therapy (oxaliplatin, leucovorin, and fluorouracil [mFOLFOX6]) for BRAF V600E–
mutated metastatic colorectal cancer, an aggressive subtype with a poor prognosis, 
was compared with standard care (chemotherapy with or without bevacizumab) in 
an open-label, phase 3 trial, which showed significance regarding one of the two 
primary end points, objective response according to blinded independent central 
review (odds ratio for EC+mFOLFOX6 vs. standard care, 2.44; one-sided P<0.001). 
This result led to accelerated Food and Drug Administration approval of this in-
vestigational combination therapy for BRAF V600E–mutated metastatic colorectal 
cancer, including as first-line therapy. Data on progression-free survival (the sec-
ond primary end point) and an updated interim analysis of overall survival are now 
available.

METHODS
We randomly assigned patients with untreated BRAF V600E–mutated metastatic 
colorectal cancer to receive EC, EC+mFOLFOX6, or standard care. The two pri-
mary end points were objective response (reported previously) and progression-free 
survival according to blinded independent central review in the EC+mFOLFOX6 
group and the standard-care group. The key secondary end point was overall sur-
vival.

RESULTS
Significantly longer progression-free survival was seen with EC+mFOLFOX6 than 
with standard care (median, 12.8 vs. 7.1 months; hazard ratio for progression or 
death, 0.53; 95% confidence interval [CI], 0.41 to 0.68; P<0.001). In an interim 
analysis, overall survival was significantly longer with EC+mFOLFOX6 than with 
standard care (median, 30.3 vs. 15.1 months; hazard ratio for death, 0.49; 95% CI, 
0.38 to 0.63; P<0.001). The incidence of serious adverse events during treatment 
was 46.1% with EC+mFOLFOX6 and 38.9% with standard care. Safety profiles 
were consistent with those known for each agent.

CONCLUSIONS
This trial showed significantly longer progression-free survival and overall sur-
vival with first-line treatment with EC+mFOLFOX6 than with standard care among 
patients with BRAF V600E–mutated metastatic colorectal cancer. (Funded by Pfizer 
and others; BREAKWATER ClinicalTrials.gov number, NCT04607421.)

A BS TR AC T

Encorafenib, Cetuximab, and mFOLFOX6  
in BRAF-Mutated Colorectal Cancer

E. Elez,1,2 T. Yoshino,3 L. Shen,4 S. Lonardi,5 E. Van Cutsem,6,7 C. Eng,8 T.W. Kim,9 
H.S. Wasan,10 J. Desai,11,12 F. Ciardiello,13 R. Yaeger,14 T.S. Maughan,15 

V.K. Morris,16 C. Wu,17 T. Usari,18 R. Laliberte,19 S.S. Dychter,20 X. Zhang,21 
J. Tabernero,1,2,22 and S. Kopetz,16 for the BREAKWATER Trial Investigators*  
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Survival
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  12.8 (11.2–15.9)

7.1 (6.8–8.5)
6.8 (5.7–8.3)

0.53 (0.41–0.68)
P<0.001

—
1.09 (0.84–1.42)

Standard Care

EC+mFOLFOX6

EC

mo

Hazard Ratio for
Disease Progression

or Death vs.
Standard Care

(95% CI)

Standard Care
Better

EC+mFOLFOX6
Better

EC+mFOLFOX6
Hazard Ratio for Disease Progression

or Death (95% CI)
Standard

Care
no. of events/no. of patients

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Emory University on July 5, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.

n engl j med 392;24 nejm.org June 26, 20252434

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Es
tim

at
ed

 P
er

ce
nt

ag
e 

of
 P

at
ie

nt
s 

Al
iv

e

100

90

60

70

80

40

50

20

30

0

10

0 12 24 30 36 42

Months

A Overall Survival

EC+mFOLFOX6
Standard care
EC

236
243
158

216
202
137

182
147
107

6 18

121
64
78

48
27
44

17
9

16

2
0
1

0
0
0

No. at Risk

B Subgroup Analysis

2.01.0

All patients (stratified analysis)
All patients (unstratified analysis)
Age

<65 yr
≥65 yr

Sex
Male
Female

ECOG performance-status score
0
1

No. of organs involved
≤2
≥3

Location of tumor
Left side of colon
Right side of colon

Liver metastases
Yes
No

Subgroup

  94/236
  94/236

  56/150
  38/86

  54/123
  40/113

  42/131
  52/105

  32/119
  62/117

  38/90
  56/146

  73/147
  21/89

148/243
148/243

  85/139
  63/104

  71/119
  77/124

  76/136
  72/107

  66/127
  82/116

  62/98
  86/145

104/160
  44/83

0.2

0.49 (0.38–0.63)
0.48 (0.37–0.62)

0.44 (0.31–0.62)
0.54 (0.36–0.82)

0.59 (0.42–0.85)
0.38 (0.26–0.56)

0.42 (0.29–0.62)
0.54 (0.38–0.77)

0.39 (0.25–0.59)
0.52 (0.38–0.73)

0.48 (0.32–0.72)
0.49 (0.35–0.68)

0.58 (0.43–0.78)
0.31 (0.18–0.52)

Median
Overall 
Survival
(95% CI)

Hazard Ratio
for Death vs. 

EC+mFOLFOX6
(95% CI)

—

—
1.45 (1.08–1.93)

30.3 (21.7–NE)

  15.1 (13.7–17.7)
  19.5 (17.6–22.5)

0.49 (0.38–0.63)
P<0.001

—
0.69 (0.53–0.90)

Standard Care

EC+mFOLFOX6

EC

mo

Hazard Ratio
for Death vs.

Standard Care
(95% CI)

Standard Care
Better

EC+mFOLFOX6
Better

EC+mFOLFOX6
Hazard Ratio for Death

(95% CI)
Standard

Care
no. of deaths/no. of patients

EC+mFOLFOX6

Standard Care
EC

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Emory University on July 5, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.

n engl j med 392;24 nejm.org June 26, 2025 2435

EC+mFOLFOX6 in Colorectal Cancer

sive first-line regimen, such as EC+mFOLFOX6, 
to control aggressive tumor growth. Neverthe-
less, EC therapy did lead to a numerically higher 
percentage of patients with an objective response, 
longer median overall survival, and early separa-
tion of the Kaplan–Meier curves for overall sur-
vival as compared with standard care. However, 
the median overall survival appeared to be short-
er in the EC group than in the EC+mFOLFOX6 
group. First-line EC may be considered for patients 
who are unable to receive chemotherapy.

EC with FOLFIRI is currently being investi-
gated in the ongoing cohort 3 portion of the 
BREAKWATER trial, building on the preliminary 
encouraging results from the safety lead-in por-
tion.15 In addition, with regard to patients with 
BRAF V600E–mutated tumors that were also MSI-H 
or dMMR, who were excluded from the current 
trial (unless the patient was ineligible to receive 
immune checkpoint inhibitors), the SEAMARK 

Figure 2 (facing page). Overall Survival.

Panel A shows Kaplan–Meier estimates of overall sur-
vival with EC, EC+mFOLFOX6, and standard care. 
Overall survival as the key secondary end point was as-
sessed between the EC+mFOLFOX6 group and the 
standard-care group. Because the result of the interim 
analysis of overall survival was significant, no further 
statistical test will be performed. After a protocol 
amendment, enrollment into the EC group was discon-
tinued prematurely. Analyses of EC as compared with 
standard care and with EC+mFOLFOX6 are descriptive; 
the confidence intervals are not adjusted for multiplici-
ty and should not be interpreted as hypothesis tests. 
Tick marks indicate censored data. NE denotes could 
not be estimated. Panel B shows a forest plot of over-
all analyses in prespecified subgroups for the compari-
son of EC+mFOLFOX6 with standard care. The sub-
group analyses are exploratory and descriptive in 
nature; the confidence intervals are not adjusted for 
multiplicity and should not be interpreted as hypothe-
sis tests. The arrow indicates that the 95% confidence 
interval extends outside the graphed area.

Table 2. Most Frequent Adverse Events during Treatment (Safety Analysis Set).*

Event
EC 

(N = 153)
EC+mFOLFOX6 

(N = 232)
Standard Care 

(N = 229)

Any Grade Grade 3 or 4 Any Grade Grade 3 or 4 Any Grade Grade 3 or 4

number of patients with event (percent)

Nausea 31 (20.3) 2 (1.3) 125 (53.9) 7 (3.0) 114 (49.8) 9 (3.9)

Anemia 32 (20.9) 10 (6.5) 107 (46.1) 35 (15.1) 58 (25.3) 9 (3.9)

Diarrhea 28 (18.3) 2 (1.3) 97 (41.8) 3 (1.3) 115 (50.2) 11 (4.8)

Decreased appetite 25 (16.3) 1 (0.7) 87 (37.5) 5 (2.2) 62 (27.1) 3 (1.3)

Vomiting 22 (14.4) 2 (1.3) 84 (36.2) 9 (3.9) 51 (22.3) 5 (2.2)

Neutrophil count decreased 2 (1.3) 1 (0.7) 79 (34.1) 44 (19.0) 67 (29.3) 39 (17.0)

Arthralgia 53 (34.6) 1 (0.7) 73 (31.5) 6 (2.6) 12 (5.2) 1 (0.4)

Rash 27 (17.6) 1 (0.7) 70 (30.2) 3 (1.3) 9 (3.9) 0

Asthenia 28 (18.3) 1 (0.7) 68 (29.3) 12 (5.2) 34 (14.8) 3 (1.3)

Pyrexia 26 (17.0) 2 (1.3) 67 (28.9) 5 (2.2) 36 (15.7) 1 (0.4)

Peripheral neuropathy 2 (1.3) 0 64 (27.6) 18 (7.8) 54 (23.6) 8 (3.5)

Constipation 22 (14.4) 1 (0.7) 63 (27.2) 1 (0.4) 52 (22.7) 1 (0.4)

Peripheral sensory neuropathy 3 (2.0) 0 62 (26.7) 16 (6.9) 54 (23.6) 8 (3.5)

Fatigue 33 (21.6) 2 (1.3) 61 (26.3) 6 (2.6) 64 (27.9) 8 (3.5)

Neutropenia 3 (2.0) 2 (1.3) 56 (24.1) 35 (15.1) 57 (24.9) 23 (10.0)

Alopecia 13 (8.5) 0 53 (22.8) 0 26 (11.4) 0

Platelet count decreased 3 (2.0) 0 53 (22.8) 3 (1.3) 32 (14.0) 4 (1.7)

Lipase increased 10 (6.5) 5 (3.3) 52 (22.4) 40 (17.2) 27 (11.8) 14 (6.1)

Abdominal pain 25 (16.3) 5 (3.3) 47 (20.3) 11 (4.7) 53 (23.1) 3 (1.3)

*  The safety analysis set included all the patients who received at least one dose of trial drug. The most frequent adverse events during treat-
ment shown here are those reported in more than 20% of the patients in the EC+mFOLFOX6 group.
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Nivolumab plus ipilimumab versus nivolumab in 
microsatellite instability-high metastatic colorectal cancer 
(CheckMate 8HW): a randomised, open-label, phase 3 trial
Thierry André, Elena Elez, Heinz-Josef Lenz, Lars Henrik Jensen, Yann Touchefeu, Eric Van Cutsem, Rocio Garcia-Carbonero, David Tougeron, 
Guillermo Ariel Mendez, Michael Schenker, Christelle de la Fouchardiere, Maria Luisa Limon, Takayuki Yoshino, Jin Li, Jose Luis Manzano Mozo, 
Laetitia Dahan, Giampaolo Tortora, Myriam Chalabi, Eray Goekkurt, Maria Ignez Braghiroli, Rohit Joshi, Timucin Cil, Francine Aubin, Elvis Cela, 
Tian Chen, Ming Lei, Lixian Jin, Steven I Blum, Sara Lonardi

Summary
Background CheckMate 8HW prespecified dual primary endpoints, assessed in patients with centrally confirmed 
microsatellite instability-high or mismatch repair-deficient status: progression-free survival with nivolumab plus 
ipilimumab compared with chemotherapy as first-line therapy and progression-free survival with nivolumab plus 
ipilimumab compared with nivolumab alone, regardless of previous systemic treatment for metastatic disease. In our 
previous report, nivolumab plus ipilimumab showed superior progression-free survival versus chemotherapy in 
first-line microsatellite instability-high or mismatch repair-deficient metastatic colorectal cancer in the CheckMate 
8HW trial. Here, we report results from the prespecified interim analysis for the other primary endpoint of 
progression-free survival for nivolumab plus ipilimumab versus nivolumab across all treatment lines.

Methods CheckMate 8HW is a randomised, open-label, international, phase 3 trial at 128 hospitals and cancer centres 
across 23 countries. Immunotherapy-naive adults with unresectable or metastatic colorectal cancer across different 
lines of therapy and microsatellite instability-high or mismatch repair-deficient status per local testing were randomly 
assigned (2:2:1) to nivolumab plus ipilimumab (nivolumab 240 mg, ipilimumab 1 mg/kg, every 3 weeks for four doses; 
then nivolumab 480 mg every 4 weeks; all intravenously), nivolumab (240 mg every 2 weeks for six doses, then 
480 mg every 4 weeks; all intravenously), or chemotherapy with or without targeted therapies. The dual independent 
primary endpoints were progression-free survival by blinded independent central review with nivolumab plus 
ipilimumab versus chemotherapy (first line) and progression-free survival by blinded independent central review 
with nivolumab plus ipilimumab versus nivolumab (all lines) in patients with centrally confirmed microsatellite 
instability-high or mismatch repair-deficient metastatic colorectal cancer. This study is registered with ClinicalTrials.
gov (NCT04008030).

Findings Between Aug 16, 2019, and April 10, 2023, 707 patients were randomly assigned to nivolumab plus ipilimumab 
(n=354) or nivolumab alone (n=353). 296 (84%) of 354 patients in the nivolumab plus ipilimumab group and 
286 (81%) of 353 patients in the nivolumab group were centrally confirmed to have microsatellite instability-high or 
mismatch repair-deficient status. At the data cutoff on Aug 28, 2024, median follow-up (from randomisation to data 
cutoff) was 47·0 months (IQR 38·4 to 53·2). Nivolumab plus ipilimumab treatment showed significant and clinically 
meaningful improvement in progression-free survival versus nivolumab (hazard ratio 0·62, 95% CI 0·48–0·81; 
p=0·0003). Median progression-free survival was not reached with nivolumab plus ipilimumab (95% CI 53·8 to not 
estimable) and was 39·3 months with nivolumab (22·1 to not estimable). Treatment-related adverse events of any 
grade occurred in 285 (81%) of 352 patients receiving nivolumab plus ipilimumab and in 249 (71%) of 351 patients 
receiving nivolumab; grade 3 or 4 treatment-related adverse events occurred in 78 (22%) and 50 (14%) patients, 
respectively. There were three treatment-related deaths: one event of myocarditis and pneumonitis each in the 
nivolumab plus ipilimumab group and one pneumonitis event in the nivolumab group.

Interpretation Nivolumab plus ipilimumab showed superior progression-free survival versus nivolumab across all 
treatment lines, with a manageable safety profile, in patients with microsatellite instability-high or mismatch repair-
deficient metastatic colorectal cancer. These results, together with the first-line results of superior progression-free 
survival with nivolumab plus ipilimumab versus chemotherapy, suggest nivolumab plus ipilimumab as a potential 
new standard of care for patients with microsatellite instability-high or mismatch repair-deficient metastatic colorectal 
cancer.

Funding Bristol Myers Squibb and Ono Pharmaceutical.

Copyright © 2025 Elsevier Ltd. All rights reserved, including those for text and data mining, AI training, and similar 
technologies.
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of 352 patients in the nivolumab plus ipilimumab group 
and 137 [39%] of 351 patients in the nivolumab group) 
completed 2 years of treatment. 173 (49%) of 352 patients 
in the nivolumab plus ipilimumab group and 201 (57%) 
of 351 patients in the nivolumab group discontinued 
treatment. Treatment discontinuation due to disease 

progression was reported in 82 (23%) of 352 patients in 
the nivolumab plus ipilimumab group and 137 (39%) of 
351 patients in the nivolumab group (figure 1). A trial 
profile of treated patients with centrally confirmed 
microsatellite instability-high or mismatch repair-
deficient status is shown in the appendix (p 17).

Figure 2: Progression-free survival by blinded independent central review with nivolumab plus ipilimumab versus nivolumab
(A) Patients with centrally confirmed microsatellite instability-high or mismatch repair-deficient status. The boundary for statistical significance was p<0·0095. (B) All 
patients who underwent randomisation. For both patient populations, stratified Cox proportional hazard model by tumour sidedness (left vs right) and previous lines of 
therapy (0 vs 1 vs ≥2) per interactive response technology was used. Vertical dashes indicate censored data. HR=hazard ratio. NE=not estimable. NR=not reached.
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BACKGROUND
Patients with microsatellite-instability–high (MSI-H) or mismatch-repair–deficient 
(dMMR) metastatic colorectal cancer have poor outcomes with standard chemothera-
py with or without targeted therapies. Nivolumab plus ipilimumab has shown clinical 
benefit in nonrandomized studies of MSI-H or dMMR metastatic colorectal cancer.

METHODS
In this phase 3 open-label trial, we randomly assigned patients with unresectable or 
metastatic colorectal cancer and MSI-H or dMMR status according to local testing 
to receive, in a 2:2:1 ratio, nivolumab plus ipilimumab, nivolumab alone, or chemo-
therapy with or without targeted therapies. The dual primary end points, assessed 
in patients with centrally confirmed MSI-H or dMMR status, were progression-free 
survival with nivolumab plus ipilimumab as compared with chemotherapy as first-
line therapy and progression-free survival with nivolumab plus ipilimumab as com-
pared with nivolumab alone in patients regardless of previous systemic treatment for 
metastatic disease. At this prespecified interim analysis, the first primary end point 
(involving nivolumab plus ipilimumab vs. chemotherapy) was assessed.

RESULTS
A total of 303 patients who had not previously received systemic treatment for meta-
static disease were randomly assigned to receive nivolumab plus ipilimumab or che-
motherapy; 255 patients had centrally confirmed MSI-H or dMMR tumors. At a me-
dian follow-up of 31.5 months (range, 6.1 to 48.4), progression-free survival outcomes 
(the primary analysis) were significantly better with nivolumab plus ipilimumab than 
with chemotherapy (P<0.001 for the between-group difference in progression-free 
survival, calculated with the use of a two-sided stratified log-rank test); 24-month 
progression-free survival was 72% (95% confidence interval [CI], 64 to 79) with 
nivolumab plus ipilimumab as compared with 14% (95% CI, 6 to 25) with chemo-
therapy. At 24 months, the restricted mean survival time was 10.6 months (95% CI, 
8.4 to 12.9) longer with nivolumab plus ipilimumab than with chemotherapy, a find-
ing consistent with the primary analysis of progression-free survival. Grade 3 or 4 
treatment-related adverse events occurred in 23% of the patients in the nivolumab-plus-
ipilimumab group and in 48% of the patients in the chemotherapy group.

CONCLUSIONS
Progression-free survival was longer with nivolumab plus ipilimumab than with 
chemotherapy among patients who had not previously received systemic treatment 
for MSI-H or dMMR metastatic colorectal cancer. (Funded by Bristol Myers Squibb 
and Ono Pharmaceutical; CheckMate 8HW ClinicalTrials.gov number, NCT04008030.)
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3 months. In some clinical studies, an early pro-
gression-free survival detriment has been observed 
with immune checkpoint inhibitors as compared 
with conventional chemotherapy with or without 
targeted therapies.20 In the KEYNOTE-177 trial, in 
which the primary population was determined 
by the results of local testing for MSI-H or 
dMMR status, an initial crossing of the progres-
sion-free survival curves for pembrolizumab as 

compared with chemotherapy was observed, re-
solving at approximately 6 months.5 Progression-
free survival curves for all patients who under-
went randomization according to local testing in 
the CheckMate 8HW trial showed an initial 
crossing of curves, a finding reminiscent of the 
results of the KEYNOTE-177 trial, although the 
crossing of curves resolved earlier and with less 
detriment. These results highlight the effect of 

Figure 2. Progression-free Survival by Blinded Review.

Shown are Kaplan–Meier curves for progression-free survival with nivolumab plus ipilimumab as compared with chemotherapy, as as-
sessed by blinded review in patients with microsatellite-instability–high (MSI-H) or mismatch-repair–deficient (dMMR) metastatic 
colorectal cancer and centrally confirmed MSI-H or dMMR status who had not previously received systemic treatment for metastatic 
disease (Panel A) and in the population of all the patients who underwent randomization (Panel B). The prespecified statistical criterion 
for superiority of nivolumab plus ipilimumab over chemotherapy at this interim analysis was 0.0209; the P value for the analysis met this 
criterion. Tick marks and circles indicate censored data. NE denotes could not be estimated, and NR not reached.
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• Dual HER2 blockade  
Tucatinib/trastuzumab 
had clinically 
meaningful anti-tumor 
activity and favorable 
tolerability

• First FDA-approved 
anti-HER2 regimen for 
metastatic colorectal 
cancer
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MOUNTAINEER-03: <br />Global, Randomised, Open-Label, Phase 3 Trial

• participants may have received a maximum of 2 doses of mFOLFOX6 in the locally advanced unresectable or 
metastatic setting prior to randomization.

• participants may have received prior chemotherapy for CRC in the adjuvant setting provided that it was completed >6 
months prior to enrollment.
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Trastuzumab deruxtecan in patients with HER2-positive 
advanced colorectal cancer (DESTINY-CRC02): primary 
results from a multicentre, randomised, phase 2 trial
Kanwal Raghav*, Salvatore Siena*, Atsuo Takashima, Takeshi Kato, Marc Van den Eynde, Filippo Pietrantonio, Yoshito Komatsu, 
Hisato Kawakami, Marc Peeters, Thierry Andre, Sara Lonardi, Kensei Yamaguchi, Jeanne Tie, Cristina Gravalos Castro, Hung-Chih Hsu, 
John H Strickler, Tae-You Kim, Yongjun Cha, Daniel Barrios, Qi Yan, Takahiro Kamio, Kojiro Kobayashi, Aislyn Boran, Makito Koga, John D Allard, 
Takayuki Yoshino

Summary
Background Trastuzumab deruxtecan has shown encouraging activity in patients with treatment-refractory HER2-
positive, RAS wild-type and BRAF wild-type metastatic colorectal cancer. Dose optimisation and further antitumour 
assessments in patients with RAS mutations and those with previous anti-HER2 therapy are warranted. We aimed to 
evaluate two doses of trastuzumab deruxtecan (5·4 mg/kg and 6·4 mg/kg) to establish the recommended dose in 
patients with pretreated HER2-positive, RAS wild-type or mutant metastatic colorectal cancer.

Methods DESTINY-CRC02 was a multicentre, randomised, two-stage, two-arm, phase 2 study done in 53 research 
hospitals and medical centres in Australia, Belgium, France, Italy, Japan, South Korea, Spain, Taiwan, the UK, and the 
USA. Eligible patients were aged 18 years and older or 20 years and older (depending on region) with pretreated 
pathologically documented, unresectable, recurrent, or metastatic HER2-positive, and RAS wild-type or mutant 
colorectal cancer. Patients were required to have an Eastern Cooperative Oncology Group (ECOG) performance status 
of 0 or 1 and have received previous chemotherapy, and anti-EGFR, anti-VEGF, or anti-PD-L1 therapy, if clinically 
indicated. In stage 1, patients were randomly assigned (1:1), via a secure interactive response technology system, to 
receive 5·4 mg/kg or 6·4 mg/kg trastuzumab deruxtecan administered intravenously every 21 days. Stratification 
factors were ECOG performance status, HER2 status, and RAS status. In stage 2, patients were assigned into the 
5·4 mg/kg treatment group only. The primary endpoint was confirmed objective response rate by blinded independent 
central review, assessed in all patients for whom treatment was assigned (full analysis set). Safety was assessed in all 
patients who received at least one dose of study drug. This trial is registered with ClinicalTrials.gov, NCT04744831, 
and is ongoing (not recruiting).

Findings Between March 5, 2021, and March 29, 2022, 135 patients were centrally screened, 122 of whom were 
enrolled. In stage 1, 40 patients each were randomly assigned to receive trastuzumab deruxtecan 5·4 mg/kg and 
6·4 mg/kg. In stage 2, an additional 42 patients were enrolled in the 5·4 mg/kg group. 64 (52%) participants were 
male and 58 (48%) were female. The median duration of follow-up was 8·9 months (IQR 6·7–10·5) in the 5·4 mg/kg 
group and 10·3 months (5·9–12·7) in the 6·4 mg/kg group. The confirmed objective response rate by blinded 
independent central review was 37·8% (31/82 [95% CI 27·3–49·2]) in the 5·4 mg/kg group and 27·5% 
(11/40 [14·6–43·9]) in the 6·4 mg/kg group. 34 (41%) of 83 patients in the 5·4 mg/kg group and 19 (49%) of 39 in 
the 6·4 mg/kg group had grade 3 or worse drug-related treatment-emergent adverse events. The most common 
grade 3 or worse drug-related treatment-emergent adverse events were neutrophil count decreased (13 [16%] of 
83 patients), anaemia (six [7%]), nausea (six [7%]), and white blood cell count decreased (five [6%]) in the 5·4 mg/kg 
group; and were neutrophil count decreased (10 [26%] of 39 patients), anaemia (eight [21%]), platelet count decreased 
(four [10%]), and white blood cell count decreased (four [10%]) in the 6·4 mg/kg group. Drug-related serious adverse 
events occurred in 11 (13%) of 83 patients in the 5·4 mg/kg group and six (15%) of 39 patients in the 6·4 mg/kg 
group; the most common in the 5·4 mg/kg group was nausea (three [4%] patients) and the most common in the 
6·4 mg/kg group were fatigue (two [5%] patients), neutropenia (two [5%]), and thrombocytopenia (two [5%]). A 
drug-related treatment-emergent adverse event related to death occurred in one (1%) patient in the 5·4 mg/kg group 
(due to hepatic failure). Adjudicated drug-related interstitial lung disease or pneumonitis events were observed in 
seven (8%) patients in the 5·4 mg/kg group (all grade 1 or 2) and in five (13%) patients in the 6·4 mg/kg group (four 
grade 1 or 2; one grade 5).

Interpretation The promising antitumour activity and favourable safety profile support trastuzumab deruxtecan 
5·4 mg/kg as the optimal single-agent dose for patients with pretreated HER2-positive metastatic colorectal cancer, 
including those with RAS mutations, previous anti-HER2 therapy, or both.

Funding Daiichi Sankyo and AstraZeneca.
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For progression-free survival, duration of response, 
and overall survival, Kaplan–Meier estimates of medians 
with 95% CIs were calculated with use of the Brookmeyer 
and Crowley method for each treatment group. For 
progression-free survival, patients who were alive with 
no objective documentation of (radiographic) disease 
progression by the data cutoff date (Nov 1, 2022) were 
censored at the date of their last evaluable tumour 
assessment; patients without baseline evaluable tumour 
assessment or post-baseline tumour assessment were 
censored at the date of enrolment; patients who were not 
alive within 14 weeks of enrolment were censored at the 
date of death; patients with radiographic disease 
progression or death without missing two or more 
consecutive tumour assessments immediately preceding 
the event were censored at the date of progressive disease 
assessment or death; patients who started other 
anticancer therapy before disease progression, death, or 
the analysis cutoff date were censored at the date of the 
last evaluable tumour assessment before starting new 
anticancer therapy; patients who had progressive disease 
or death after missing two or more consecutive scheduled 
tumour assessments were censored at the date of the last 
evaluable tumour assessment before progression or 
death. For duration of response, the same censoring 
rules were applied as for progression-free survival. For 
overall survival, if there was no death reported for a 
patient before the data cutoff, patients were censored at 
the last contact date at which they were known to be alive.

Exploratory analysis of best percentage change from 
baseline in the sum of diameters of target lesions was 
performed with the use of descriptive statistics. Only 
patients with measurable target lesions at baseline were 
included. Analyses of best percentage change in sum of 
diameters of lesions by HER2 immunohistochemistry 
score status, HER2 amplification status, RAS status (by 
local test and circulating tumour DNA [ctDNA] test), 
PIK3CA status, and blood-based tumour mutational 
burden status, and confirmed best overall response were 
part of exploratory biomarker objectives. Analyses of 
confirmed objective response rate according to biomarker 
subgroup or interval on previous irinotecan therapy were 
conducted post hoc.

Safety data were summarised through descriptive 
statistics. Interstitial lung disease was summarised based 
on the interstitial lung disease adjudication outcomes. 
Statistical analyses were performed using SAS version 
9·3 or higher.

The primary analysis cutoff date was determined as the 
point when the last enrolled patient had completed 
6 months of follow-up. Interim analysis for the trastuzumab 
deruxtecan 5·4 mg/kg and 6·4 mg/kg groups was to be 
carried out after all patients in stage 1 had either completed 
12 weeks of follow-up or discontinued treatment. The study 
design was to remain unchanged regardless of the interim 
results. The study was not designed to make a formal 
comparison between dose groups of the primary endpoint.

Role of the funding source 
The study was designed and sponsored by Daiichi 
Sankyo, who participated in data analysis. In March, 2019, 
AstraZeneca entered into a global development and 
commercialisation collaboration agreement with Daiichi 
Sankyo for trastuzumab deruxtecan (T-DXd; DS-8201). 
Daiichi Sankyo and AstraZeneca were involved in study 
oversight, data collection, data interpretation, writing of 
the report, reviewing the manuscript, and the decision to 
submit the manuscript for publication.

Results 
From March 5, 2021, to March 29, 2022, 135 patients 
were centrally screened, 122 of whom were enrolled 
(figure 1). In stage 1, 40 patients each were randomly 
assigned to receive trastuzumab deruxtecan 5·4 mg/kg 
and 6·4 mg/kg. In stage 2, an additional 42 patients were 
enrolled in the 5·4 mg/kg group. Of the 82 patients in 
the 5·4 mg/kg groups, 45 (55%) were male and 37 (45%) 
were female; of the 40 patients in the 6·4 mg/kg group, 
19 (48%) were male  and 21 (53%) female. As of the data 
cutoff date for the primary analysis, Nov 1, 2022, the 
median duration of follow-up was 8·9 months 
(IQR 6·7–10·5) in the 5·4 mg/kg groups and 10·3 months 
(5·9–12·7) in the 6·4 mg/kg group. Subsequent 
anticancer therapies are listed in the appendix (p 14).

Demographic and baseline characteristics were similar 
between the groups (table 1). Baseline demographics for 
stages 1 and 2 of the 5·4 mg/kg group and for all 
randomly assigned patients are in the appendix 
pp 15–16).

Trastuzumab 
deruxtecan 5·4 mg/kg 
group (n=82)

Trastuzumab 
deruxtecan 6·4 mg/kg 
group (n=40)

Confirmed objective response rate* (% [95% CI) 31 (37·8% [27·3–49·2]) 11 (27·5% [14·6–43·9])

Complete response 0 0

Partial response 31 (38%) 11 (28%)

Stable disease 40 (49%) 23 (58%)

Progressive disease 8 (10%) 4 (10%)

Not evaluable 3 (4%) 2 (5%)

Confirmed disease control rate* (% [95% CI]) 71 (86·6% [77·3–93·1]) 34 (85·0% [70·2–94·3])

Confirmed clinical benefit rate* (% [95% CI]) 37 (45·1% [34·1–56·5]) 13 (32·5% [18·6–49·1]) 

Median duration of response*, months (95% CI) 5·5 (4·2–8·1) 5·5 (3·7–NE)

Median progression-free survival*, months (95% CI) 5·8 (4·6–7·0) 5·5 (4·2–7·0)

Patients with events 54 (66%) 27 (68%)

Median overall survival, months (95% CI) 13·4 (12·5–16·8) NE (9·9–NE)

Patients with events 26 (32%) 13 (33%)

Median follow-up, months (IQR) 8·9 (6·7–10·5) 10·3 (5·9–12·7)

Median treatment duration†, months (IQR) 5·5 (3·6–8·4) 4·9 (2·8–8·5)

Median total dose†, mg/kg (IQR) 37·8 (26·9–59·4) 40·8 (25·4–66·1)

Median cycles initiated† (IQR) 7·0 (5·0–11·0) 7·0 (4·0–11·0)
 
Data are n (%) except where otherwise stated. NE=not estimable. *Assessed by blinded independent central review. †Based 
on the total population treated with trastuzumab deruxtecan; 5·4 mg/kg, n=83; 6·4 mg/kg, n=39 (safety analysis set). 

Table 2: Antitumour activity endpoints 

Raghav K, et al. Lancet Oncol. 2024 Sep;25(9):1147-1162.
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with stable disease are shown in table 2. One (3%) 
patient in the 6·4 mg/kg group discontinued treatment 
to undergo anal and rectal resection; this patient had 
stable disease as their best response. Antitumour 
activity results by blinded independent central review 
for stages 1 and 2 of the 5·4 mg/kg group individually 
and by investigator assessment are in the appendix 
(pp 17–18).

Results of the subgroup analysis of confirmed objective 
response rate are shown in figure 2A, B and in the 
appendix (pp 7–10). Objective response by immuno-
histochemistry and RAS status are shown in the appendix 
(p 19). Subgroup analysis of duration of response, 

progression-free survival, and overall survival are shown 
in the appendix (pp 20–25).

The median duration of response (table 2) and median 
progression-free survival (figure 3A, B) by blinded 
independent central review were similar in both groups. 
Median overall survival was 13·4 months (95% CI 
12·5 to 16·8) in the 5·4 mg/kg group and not evaluable 
(9·9 months to not evaluable) in the 6·4 mg/kg group 
(table 2, figure 3C, D). 

118 (97%) of 122 patients had evaluable baseline ctDNA 
datasets: 78 (95%) of 82 patients in the 5·4 mg/kg group 
and all 40 (100%) patients in the 6·4 mg/kg group. When 
tested by ctDNA, a higher number of patients with RAS 

Figure 2: Subgroup analyses of confirmed objective response rate and best percentage change in the sum of the diameters of all target lesions 
(A) Subgroup analyses of confirmed objective response rate in patients in the trastuzumab deruxtecan 5·4 mg/kg group. (B) Subgroup analyses of confirmed objective response rate in patients in the 
trastuzumab deruxtecan 6·4 mg/kg group. (C) Percentage change in the sum of diameters by blinded independent central review. Only patients with measurable disease at baseline and at least one 
post-baseline tumour assessment were included in the figure. Three patients with evaluable ctDNA were not evaluable per Response Evaluation Criteria in Solid Tumours version 1.1 and are not 
included in the figure. The dashed line at 20% denotes progressive disease and the dashed line at −30% denotes partial response, per Response Evaluation Criteria in Solid Tumours version 1.1. 
ctDNA=circulating tumour DNA. ECOG=Eastern Cooperative Oncology Group. NA=not applicable. *Based on the exact Clopper-Pearson method for binomial distribution. †Subgroups with fewer than 
ten patients are reported as NA. ‡Includes rectum, sigmoid, and descending. §Includes caecum, ascending, and transverse. ¶All RAS-mutant responders were immunohistochemistry score 3+. ||HER2 
status was assessed by central laboratory. **RAS mutations were considered clonal if clonality score was ≥0·3 and subclonal if clonality score was <0·3. ††Blood-based tumour mutational burden cutoff 
was 20 mutations per Mb.
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Figure 3: Progression-free 
survival and overall survival

(A) Kaplan–Meier curve of 
progression-free survival in 

the trastuzumab deruxtecan 
5·4 mg/kg dose group (n=82). 

(B) Kaplan–Meier curve of 
progression-free survival in 

the trastuzumab deruxtecan 
6·4 mg/kg dose group (n=40). 

(C) Kaplan–Meier curve of 
overall survival in the 

trastuzumab deruxtecan 
5·4 mg/kg dose group (n=82). 

(D) Kaplan–Meier curve of 
overall survival in the 

trastuzumab deruxtecan 
6·4 mg/kg dose group (n=40). 

Tick marks show censoring, 
shaded areas represent 

95% CIs. NE=not estimable.    
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• most common G3 or worse TRAE – 5.4 mg/kg (neutropenia 16%, anemia 7%, nausea 7%, and 
leucopenia 6% vs. 6.4 mg/kg (neutropenia 26%, anemia 21%, thrombocytopenia 10% leucopenia 10%). 

• TR-SAE 13% vs. 15% resp. Death in one patient (1%) in the 5.4 mg/kg group (due to hepatic failure)

• interstitial lung disease or pneumonitis 8% (G1 or 2) vs. 13% (G1 or 2 X 4; one grade 5).
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ORR, PFS

Strickler JH, et al. JAMA Oncol. 2022 May 1;8(5):760-769
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Adenosine inhibition (ARC – 9)
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B7H6 TCE (1454-0015)
Phase I study of BI 765049 in advanced, unresectable, and/or metastatic colorectal 

carcinoma (CRC), gastric carcinoma (GC), or pancreatic ductal adenocarcinoma (PDAC)

BI 765049 creates a bridge between B7-H6-
expressing tumor cells and Cytolytic T cells 
(CTLs) and directs their cytolytic activity 
selectively to these tumor cells

Engages any T cell (independent of T-cell receptor specificity)
• Apoptosis of tumor cells
• Activation, cytokine secretion, and local proliferation of CTLs
• Conversion of a non-inflamed into an inflamed tumor 

microenvironment



NCI Designated Comprehensive Cancer CenterWINSHIP CANCER INSTITUTE OF EMORY UNIVERSITY

c-MET inihibition (OrigAMI)

Randomized phase 3 study of amivantamab versus cetuximab and mFOLFOX6 or FOLFIRI 
as first-line treatment in left-sided RAS/BRAF WT mCRC

FDA approved (carboplatin and pemetrexed) for NSCLC with EGFR exon 19 deletions or L858R mutations
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§ Targeted therapies continue to improve the treatment 
landscape for advanced CRC

§ Precision oncology is no longer reserved for treatment 
refractory disease; expanding frontline targeted treatment 
options
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