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Objectives

❖ Understand current management of mCRC as it 

pertains to biomarker guided therapy



Selected Findings
Expected Numbers of New Cancer Cases

Table 1 presents the estimated numbers of new cases of
invasive cancer expected in the United States in 2016 by
sex. The overall estimate of 1,685,210 cases is the equiva-
lent of more than 4,600 new cancer diagnoses each day.
In addition, about 61,000 cases of female breast carci-
noma in situ and 68,480 cases of melanoma in situ are
expected to be diagnosed in 2016. The estimated num-
bers of new cases by state for selected cancer sites are
shown in Table 2.

Figure 1 indicates the most common cancers expected to
occur in men and women in 2016. Prostate, lung and bron-
chus, and colorectal cancers account for 44% of all cases in
men, with prostate cancer alone accounting for 1 in 5 new
diagnoses. For women, the 3 most commonly diagnosed

cancers are breast, lung and bronchus, and colorectum, rep-
resenting one-half of all cases; breast cancer alone is
expected to account for 29% all new cancer diagnoses in
women.

Expected Numbers of Cancer Deaths

Table 1 also shows the expected numbers of cancer deaths
in 2016. It is estimated that 595,690 Americans will die
from cancer this year, corresponding to about 1,600 deaths
per day. The most common causes of cancer death are can-
cers of the lung and bronchus, prostate, and colorectum in
men and lung and bronchus, breast, and colorectum in
women. These 4 cancers account for 46% of all cancer
deaths (Fig. 1), with more than one-quarter (27%) due to
lung cancer. Table 3 provides the estimated numbers of
cancer deaths in 2016 by state for selected cancer sites.

FIGURE 1. Ten Leading Cancer Types for the Estimated New Cancer Cases and Deaths by Sex, United States, 2016.
Estimates are rounded to the nearest 10 and cases exclude basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder.
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134,490

49,190

Jemal et al. CA CANCER J CLIN 2014



Prognosis

Median OS =  24-30 months

Loupakis et al. NEJM 2014; Venook et al. ASCO (Abstract) 2014 



Biomarkers Driven Therapy in mCRC



Biomarkers in mCRC
Kelley et al. JNCCN 2011

❖ MSI-H

❖ EGFR Pathway: 

❖ Mutations: 

❖ KRAS/NRAS 

❖ BRAF

❖ Amplification (HER2)

❖ CMS (Consensus Molecular Subtype)



MSI-H



Colon Cancer & Immunotherapy
Phase 2 study of pembrolizumab, an anti–PD1 immune checkpoint inhibitor (N = 41) 

Le et al. NEJM 2015

n engl j med 372;26 nejm.org june 25, 2015 2513

PD-1 Block ade in Mismatch-Repair Deficiency

received one or more previous therapeutic regi-
mens (a median of two regimens).

Primary End Point
The immune-related objective response rate in 
cohort A was 40% (4 of 10 patients; 95% confi-
dence interval [CI], 12 to 74), and the immune-
related progression-free survival rate at 20 weeks 
was 78% (7 of 9 patients; 95% CI, 40 to 97) 
(Table S2 in Supplementary Appendix 1); the 
corresponding rates in cohort C were 71% (5 of 
7 patients; 95% CI, 29 to 96) and 67% (4 of 6 
patients; 95% CI, 22 to 96). In cohort B, which 
included patients with mismatch repair–profi-
cient colorectal cancers, the immune-related 
objective response rate was 0% (95% CI, 0 to 20), 
and the immune-related progression-free sur-
vival rate at 20 weeks was 11% (2 of 18 patients; 
95% CI, 1 to 35). Both cohorts with mismatch 
repair–deficient cancers (cohorts A and C) 
reached the prespecified point at which the pro-
tocol indicated that the study reached its pri-
mary efficacy end point when 4 patients were 
free from disease progression at 20 weeks and 
objective responses on the basis of immune-re-
lated response criteria were observed in 4 pa-
tients (Table S2 and the Methods section in 
Supplementary Appendix 1).

The median follow-up was 36 weeks (range, 5 

to 55) for patients with mismatch repair–deficient 
colorectal cancer (cohort A), 20 weeks (range, 4 to 
52) for patients with mismatch repair–proficient 
colorectal cancer (cohort B), and 21 weeks (range, 
0.1 to 49) for patients with mismatch repair–
deficient noncolorectal cancer (cohort C). All pa-
tients for whom the 20-week immune-related 
progression-free survival rate could be evaluated 
were followed for at least 20 weeks.

Radiographic Evaluation
Of the 10 patients with mismatch repair–defi-
cient colorectal cancer (cohort A) who could be 
evaluated for RECIST, 4 (40%; 95% CI, 12 to 74) 
had objective responses according to these crite-
ria (Table 2 and Fig. 1, and Fig. S2 in Supple-
mentary Appendix 1). Patients were considered 
not to have been evaluated unless they under-
went a radiographic scan at 12 weeks. The rate 
of disease control, which was defined as the 
percentage of patients who had an objective re-
sponse or whose disease was stable, was 90% in 
cohort A (9 of 10 patients; 95% CI, 55 to 100). 
Of the 7 patients in cohort C who could be 
evaluated, 5 (71%; 95% CI, 29 to 96) had objec-
tive responses as defined by RECIST (Table 2 
and Fig. 1, and Fig. S2 in Supplementary Appen-
dix 1), and the rate of disease control was 71% 
(5 of 7 patients; 95% CI, 29 to 96).

Type of Response

Mismatch 
Repair–Deficient 
Colorectal Cancer 

 (N = 10)

Mismatch 
Repair–Proficient 
Colorectal Cancer 

(N = 18)

Mismatch 
Repair–Deficient 

Noncolorectal Cancer 
(N = 7)

Complete response — no. (%) 0 0 1 (14)*

Partial response — no. (%) 4 (40) 0 4 (57)†

Stable disease at week 12 — no. (%) 5 (50) 2 (11) 0

Progressive disease — no. (%) 1 (10) 11 (61) 2 (29)

Could not be evaluated — no. (%)‡ 0 5 (28) 0

Objective response rate (95% CI) — % 40 (12–74) 0 (0–19) 71 (29–96)

Disease control rate (95% CI) — %§ 90 (55–100) 11 (1–35) 71 (29–96)

Median duration of response — wk Not reached NA¶ Not reached

Median time to response (range) — wk 28 (13–35) NA¶ 12 (10–13)

*  The patient had a partial response at 12 weeks, which then became a complete response at 20 weeks.
†  One patient had a partial response at 12 weeks.
‡  Patients could not be evaluated if they did not undergo a scan at 12 weeks because of clinical progression.
§  The rate of disease control was defined as the percentage of patients who had a complete response, partial response, 

or stable disease for 12 weeks or more.
¶  The median time to response was not applicable (NA) because no responses were observed among patients with mis-

match repair–proficient colorectal cancer.

Table 2. Objective Responses According to RECIST Criteria.

The New England Journal of Medicine 
Downloaded from nejm.org at UT MD ANDERSON CANCER CENTER on January 17, 2017. For personal use only. No other uses without permission. 
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PD-1 Block ade in Mismatch-Repair Deficiency

test) (Fig. S3 in Supplementary Appendix 1). We 
also performed an additional multivariate analy-
sis of progression-free and overall survival to 
examine the difference in outcomes between 
mismatch repair–deficient colorectal cancer and 
mismatch repair–proficient colorectal cancer, 
adjusting for elapsed time since the initial diag-
nosis. The magnitude of the hazard ratios for 
disease progression or death (hazard ratio, 0.04; 
95% CI 0.01 to 0.21; P<0.001) and for death 

(hazard ratio, 0.18; 95% CI, 0.03 to 1.01; P = 0.05), 
representing the differing effects of pembroli-
zumab between mismatch repair–deficient tu-
mors and mismatch repair–proficient tumors, 
was maintained after adjustment for this poten-
tial difference.

Safety Assessment
Adverse events occurring in more than 5% of 
patients are listed in Table 3. Events of clinical 

Figure 2. Clinical Benefit of Pembrolizumab Treatment According to Mismatch-Repair Status.

Kaplan–Meier curves are shown for progression-free survival in the cohorts with colorectal cancer (Panel A), overall survival in the co-
horts with colorectal cancer (Panel B), progression-free survival among patients with mismatch repair–deficient noncolorectal cancers 
(Panel C), and overall survival among patients with mismatch repair–deficient noncolorectal cancers (Panel D). In both cohorts with 
mismatch repair–deficient tumors, median overall survival was not reached. Patients in the cohort with mismatch repair–proficient can-
cers had a median progression-free survival of 2.2 months (95% CI, 1.4 to 2.8) and a median overall survival of 5.0 months (95% CI, 3.0 
to not estimable). Patients with mismatch repair–deficient noncolorectal cancers had a median progression-free survival of 5.4 months 
(95% CI, 3 to not estimable).
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NCCN Guidelines Version 1.2017
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Note:  All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial.  Participation in clinical trials is especially encouraged.

Version 1.2017, 11/23/16 © National Comprehensive Cancer Network, Inc. 2016, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN®.

Subsequent Therapy

Previous 
oxaliplatin-
based therapy 
without 
irinotecan 

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 �PA*E � of ���

FOLFIRI10 � �EeYaci]umaE15 [preferred]5,6 
or ]iY�aÀiEerceSt15,16 or ramucirumab15,16�
or
Irinotecan10 ± �EeYaci]umaE15 [preferred]5,6 
or ]iY�aÀiEerceSt15,16 or ramucirumab15,16�

or

FOLFIRI10 � �cetu[imaE 
or SanitumumaE�*6-8,17-19  

�K5AS�15AS :T onl\�
or 
Irinotecan10 � �cetu[imaE 
or SanitumumaE�*6-8,17-19 
�K5AS�15AS :T onl\�

or

�1iYolumaE or SemEroli]umaE�
  
�dMM5�MS,�H onl\� 

Irinotecan10 � �cetu[imaE or 
SanitumumaE�
6-8,17-19

�K5AS�15AS :T onl\�
or
Regorafenib20 
or 
TriÀuridine � tiSiracil20

or 
�1iYolumaE or SemEroli]umaE�
 
�dMM5�MS,�H onl\� 

Regorafenib20
or 
TriÀuridine � tiSiracil20

or 
�1iYolumaE or SemEroli]umaE�
 
�dMM5�MS,�H onl\�

Regorafenib**20  
or 
TriÀuridine � tiSiracil**20  
or 
Clinical trial 
or
Best supportive care21

Regorafenib20
or 
TriÀuridine � tiSiracil20

See Subsequent therapy

See Subsequent therapy

See Subsequent therapy

COL-C
2 OF 10

*if neither previously given
**if not previously given

See footnotes COL-C 6 of 10

Printed by Kanwal Raghav on 1/17/2017 8:35:34 AM. For personal use only. Not approved for distribution. Copyright © 2017 National Comprehensive Cancer Network, Inc., All Rights Reserved.
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Version 1.2017, 11/23/16 © National Comprehensive Cancer Network, Inc. 2016, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN®.

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 �PA*E � of ���

Initial Therapy

Patient 
appropriate 
for intensive 
therapy2

F2/F2;3 ± bevacizumab5,6 
or
CAPE2;4 ± bevacizumab5,6

or
F2/F2;3 � �cetu[imaE or SanitumumaE�6-9 

�K5AS�15AS :T and left�sided tumors onl\�
or
FOLFIRI10 ± bevacizumab5,6 
or
FOLFIRI10 � �cetu[imaE or SanitumumaE�6-9 

�K5AS�15AS :T and left�sided tumors onl\�
or
F2/F2;,5,10 ± bevacizumab5,6 
or
5-FU/leucovorin11 ± bevacizumab5,6,12 

or 
Capecitabine13 ± bevacizumab5,6,12

Patient not 
appropriate 
for intensive 
therapy2

Improvement in 
functional status

No improvement in 
functional status

Consider initial therapy as above14

Best supportive care
See NCCN Guidelines 
for Palliative Care

,nfusional ��F8 � leucoYorin � 
bevacizumab5 
or 
Capecitabine13 ± bevacizumab5

or
�Cetu[imaE or SanitumumaE�7-9 
�cateJor\ �B� �K5AS�15AS :T 
and left�sided tumors onl\� 
or
�1iYolumaE or SemEroli]umaE�
�dMM5�MS,�H onl\�7

See COL-C 2 of 10 Progression

Progression See COL-C 5 of 10

Progression See COL-C 4 of 10

Progression See COL-C 3 of 10

COL-C
1 OF 10

See footnotes COL-C 6 of 10

Printed by Kanwal Raghav on 1/17/2017 8:35:34 AM. For personal use only. Not approved for distribution. Copyright © 2017 National Comprehensive Cancer Network, Inc., All Rights Reserved.



EGFR Pathway  
(KRAS/NRAS Mutations)



Colon Cancer & Anti-EGFR Therapy

Cunningham et al. NEJM 2004



PRIME Analysis (Extended RAS)

Douillard et al. NEJM 2013



PRIME Analysis (KRAS/NRAS)

Douillard et al. NEJM 2013



Sequencing Anti-EGFR Therapy



Sidedness & Anti-EGFR Therapy

Boeckx et. al. Ann Oncol 2017; Venook et. al. ASCO 2016

!! Right!1°!
Median!OS!(mos)!

Le6!1°!
Median!OS!(mos)!

Log!Rank!p!
(adjusted*)!

N!=!293! N!=!732!

All!pts! 19.4% 33.3% P%<%0.001%

Cet!!!! 16.7! 36.0! P%<%0.001%

Bev! 24.2% 31.4% P%=%0.017%

%%

!!!!!!!!!!N!=!88! !!!!!!!!!N!=!306!

Cet!!!!!!!!!!!!!!!!!!!!!18.3!!! 38.3!!!!!!!!!! P%<%0.0001%

Bev!!!!!!!!!!!!!!!!!!!!!23.0% 28.0%%%%%%%%%%% P%=%0.038%

SWOG 80405: 
Cetuximab + Chemotherapy

vs.
Bevacizumab + Chemotherapy



EGFR Pathway  
(BRAF Mutations)



PRIME Analysis (BRAF Mutations)

Douillard et al. NEJM 2013



BRAF Mutant Therapy

Douillard et al. NEJM 2013

•  BRAF Mutant Patients in 
TRIBE 
•  mPFS: 7.5 m (HR 0.57) 
•  ORR: 56%  
•  mOS: 19.0 (HR: 0.54) 



BRAF Mutant Therapy

Cremolini et. al. Lancet Oncol. 2015

•  BRAF Mutant Patients in 
TRIBE 
•  mPFS: 7.5 m (HR 0.57) 
•  ORR: 56%  
•  mOS: 19.0 (HR: 0.54) 



BRAF Mutant Therapy

Kopetz et. al. ASCO 2017; 

•  Randomized trial of irinotecan and cetuximab with or 
without vemurafenib in BRAF-mutant mCRC 

•  N = 105 
•  RR 16% vs. 4% (~ 40% had prior irinotecan) 

BEACON Phase III Study
Encorafenib + Binimetinib + Cetuximab



HER2 Amplification



HER2 Amplified Colon Cancer

Raghav et al. ASCO 2016
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Validation of HER2 amplification as a negative predictive biomarker for anti-epidermal growth 
factor receptor antibody therapy in metastatic colorectal cancer 

Kanwal Raghav1, MD; Michael J. Overman, MD1; Ruoxi Yu, BA1; Funda-Meric Bernstam, MD1; David Menter1, MD; Bryan Kee, MD1; Andrea Muranyi, PhD2; Shalini Singh, MD2; Mark 
Routbourt, MD1; Ken Chen, PhD1; Kenna Shaw, PhD1; Kandavel Shanmugam, PhD2; Dipen Maru, MD1; Marwan Fakih, MD3; Scott Kopetz MD1 

1The University of Texas MD Anderson Cancer Center, Houston, TX; 2Ventana Medical Systems, Inc., Tucson, AZ; 3City of Hope Comprehensive Cancer Center, Duarte, CA 

ABSTRACT # 3517 

Background:  
HER2 amplification (HER2amp), seen in 5% of KRAS wildtype 
(WT) metastatic colorectal cancers (mCRC), is associated with 
resistance to anti-epidermal growth factor receptor antibodies 
(antiEGFRabs). The purpose of this study was to validate the 
predictive impact of HER2amp in mCRC.  
Methods: 
We performed systematic analyses of RAS and BRAF WT mCRC 
patients (pts) across 2 distinct cohorts. We tested HER2amp in 
cohort 1 (N = 97) using immunohistochemistry and dual in-situ 
hybridization (HER2amp: HER2/CEP17 ≥ 2.2). We validated these 
findings in cohort 2 (N = 99), which comprised of 37 cases of 
HER2amp mCRC pts identified by next-generation sequencing 
(HER2amp: ≥ 4 copies) and 62 HER2 non-amplified (HER2NA) 
pts treated previously with antiEGFRabs who served as controls. 
The primary objective was to compare progression-free survival 
(PFS) in pts treated with antiEGFRabs. PFS and overall survival 
(OS) were estimated using Kaplan Meier method and compared 
using log rank test.  
Results: 
HER2amp was seen in 14 (14 %) of RAS/BRAF WT pts in cohort 
1. In this cohort, median OS (29.1 v 45.1 months (m), P = 0.78) and 
PFS on first line therapy without an antiEGFRab (PFS1) (9.7 v 10.1 
m, P = 0.85) was similar between HER2amp and HER2NA pts. A 
total of 66 pts in cohort 1 received antiEGFRab after first line 
therapy. Median PFS on antiEGFRab therapy (PFS2) was 
significantly shorter in pts with HER2amp compared to HER2NA 
tumors (2.9 v 8.1 m, hazard ratio (HR) 5.0, P < 0.0001). These 
findings were confirmed in cohort 2, wherein 69 pts received 
antiEGFRab after first line therapy and median PFS2 was 
significantly shorter for HER2amp pts compared to HER2NA pts 
(2.9 v 9.3 m, HR 6.6, P < 0.0001) with a similar OS (P = 0.86) and 
PFS1 (P = 0.62).  
Conclusions: 
HER2 amplification in mCRC is a predictive biomarker for lack of 
efficacy of antiEGFRab therapy. This magnitude of effect is 
comparable to RAS mutations; the only other validated predictive 
biomarker for antiEGFRabs, and affects 1 in 8 patients currently 
receiving these agents. Patients with RAS/RAF WT mCRC should 
be screened for HER2 amplification prior to treatment with 
antiEGFRabs and should be considered for early referral to clinical 
trials.  

INTRODUCTION 

• HER2amp:1,2  

• Is seen in 3-4% of all mCRC patients. 

• Enriched in KRAS WT tumors (5-6%  cases) compared 

to KRAS MUT tumors.   

• Has been implicated in resistance to anti-EGFRabs in 

pre-clinical models.  

• Clinical validation of HER2 amplification as a predictive 

biomarker of anti-EGFR therapy is inadequate. 

• Recent studies of dual-anti-HER2 therapy  in treatment 

refractory HER2amp mCRC have shown response rates of 

about 30% and PFS of approx. 5.5 months.  

OBJECTIVES 

METHODOLOGY 

RESULTS CLINICAL IMPLICATIONS 

REFERENCES 
1. Sartore-Bianchi A et. al. Dual-targeted therapy with trastuzumab and lapatinib in 

treatment-refractory, KRAS codon 12/13 wild-type, HER2-positive metastatic 
colorectal cancer (HERACLES): a proof-of-concept, multicentre, open-label, phase 2 
trial. Lancet Oncol. 2016 Apr 20.  

2. Bertotti A et. al. A molecularly annotated platform of patient-derived xenografts 
("xenopatients") identifies HER2 as an effective therapeutic target in cetuximab-
resistant colorectal cancer. Cancer Discov. 2011 Nov;1(6):508-23.  

• HER2 amplifications are seen in a distinct subset of  mCRC 

largely independent of RAS and BRAF V600E mutations. 

• HER2 amplification is a robust negative predictive biomarker for 

efficacy of anti-EGFRabs (cetuximab and panitumumab) and the 

magnitude of its effect is comparable to RAS mutations.  

 

• HER2amp = 14/114 cases (12%, 95% CI: 7.3-19.7%) 

• Mutually exclusive of BRAFV600E mutation : 

• HER2amp = 14/97 (14%) RAS/RAF-WT cases 

• No difference in baseline characteristics 

• Retrospective  systematic analyses of 2 independent cohorts 

• Cohort 1: RAS-WT mCRC patients enrolled on molecular 

screening platform  (N = 114) 

• HER2 testing using immunohistochemistry (IHC) and 

in-situ hybridization (ISH)  (HER2/CEP17 > 2.2) 

• Cohort 2:  

• Cases: HER2 amp RAS/BRAF-WT mCRC patients 

identified by next generation sequencing (≥ 4 copies) 

(N = 37) 

• Controls: HER2NA mCRC patients treated previously 

with anti-EGFRabs (< 4 copies) (N = 62)  

• Statistics:  

• Kaplan-Meier product limit method for survival estimate 

• Log-rank test for comparison 

BASELINE CHARACTERISTICS: COHORT 1 

SURVIVAL OUTCOMES (PFS): COHORT 1 

• To compare PFS of HER2amp mCRC patients with HER2NA 

patients treated with anti-EGFRab based therapy . 

RESULTS 

Corresponding Author: Scott Kopetz, M.D. (skopetz@mdanderson.org ) 

HER2 IHC AND ISH 

CONCLUSIONS & SIGNIFICANCE 

a b 

• Early identification of HER2 amplifications by carrying out 

HER2 testing in RAS-WT mCRC patients can improve quality 

of life and potentially survival outcomes in this subset by:  

• Avoiding exposure to anti-EGFRabs which are associated 

with minimal benefit and significant toxicities and cost. 

• Enrolling patients in clinical trials with possibly more 

efficacious anti-HER2 agents. 

mCRC Patients 

RAS Mutation Testing RAS WT RAS MUT 

HER2 Amplification Testing 

HER2 Amplified HER2 Non-Amplified 

SOC Rx 

SOC anti-EGFRab  
Rx 

Early Clinical Trial 
Referral 

Figure 4. Proposed Algorithm for Molecular Work-up of mCRC  

Variable 
HER2 

Amplified 
(N = 14) 

HER2 
Non-Amplified 

(N = 83) 
P-Value 

Age (years) 53.0 54.0 0.747 

Gender 

Female 5 (35.7) 38 (45.8) 0.569 

Male 9 (64.3) 45 (54.2) 

Primary 

Left Sided 9 (64.3) 59 (71.1) 0.753 

Right Sided 5 (35.7) 24 (28.9) 

Grade (differentiation) 

Well-Moderate 10 (71.4) 50 (65.8) 0.767 

Poor 4 (28.6) 26 (34.2) 

TP53 Mutations 

Yes 8 (72.7) 42 (70.0) 0.855 

No 3 (27.3) 18 (30.0) 

Line of Anti-EGFR Rx 

First 0 (0.0) 9 (10.8) 0.533 

Second 5 (35.7) 32 (38.6) 

Third 6 (42.8) 31 (37.4) 

Not Received 3 (21.5) 11 (13.2) 

Concurrent Therapy*  

None 0 (0.0) 5 (7.9) 0.111 

Irinotecan 9 (82.0) 31 (49.2) 

5FU + Irinotecan 1 (9.0) 25 (39.7) 

5FU + Oxaliplatin 1 (9.0) 2 (3.2) 

Prior Irinotecan 

Yes 8 (72.7) 34 (53.9) 0.331 

No 3 (27.3) 29 (46.1) 

First Line Therapy^ 

Bevacizumab 

Yes 14 (100.0) 57 (77.1) 0.063 

No 0 (0.0) 17 (22.9) 

Cytotoxics 

5FU alone 0 (0.0) 2 (2.7) 0.489 

5FU + Oxaliplatin 13 (92.9) 59 (79.7) 

5FU + Irinotecan 1 (7.1) 13 (17.6) 

*Only patients who received anti-EGFR in 2nd/3rd line setting (N = 63) 
^Only patient who received a non anti-EGFRab based therapy (N = 88)  

Table 1. Baseline Patient and Clinical Characteristics 

Figure 1. HER2amp seen as 
(a) 3+ IHC, (b) high 

HER2/CEP17 ratio, (c) 
single gene-protein assay c 

Figure 2. Kaplan-Meier curves for PFS on (A) Anti-EGFR based therapy in 
2nd/3rd line setting and (B) Non anti-EGFR based therapy in 1st line setting 

SURVIVAL OUTCOMES (PFS): COHORT 2 

Figure 3. Kaplan-Meier curves for PFS on (A) Anti-EGFR based therapy in 
2nd/3rd line setting and (B) Non anti-EGFR based therapy in 1st line setting 

Median: 9.7 v 10.1 m 
(P = 0.848) 
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HR 1.13 (P = 0.78) 
95% CI: 0.5-2.3 

Figure 3. Kaplan-Meier curves for OS on (A) Cohort 1 and (B) Cohort 2 

A B 

A B 

• HER2amp mCRC compared to HER2NA tumors:  

• Poorer PFS on anti-EGFR based therapy. 

• Similar PFS on non-anti-EGFR based therapy. 

• TCGA Analysis: HER2amp are associated with KRAS, 

NRAS, BRAF WT mCRC (http://cancergenome.nih.gov/) 
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HER2amp 
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HER2amp 
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HER2amp 
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HER2amp 
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HR 1.09 (P = 0.86) 
95% CI: 0.4-2.7 
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At the time of data cutoff , median follow-up was 
94 weeks (IQR 51–127). Table 2 shows the effi  cacy results. 
Of the 27 patients, one (4%) had a complete response, 

seven (26%) had a partial response, and 12 (44%) had 
stable disease. Therefore eight patients (30%, 95% CI 
14–50) achieved an overall objective response, meeting 
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Figure 1: Radiographic 
response

Best tumour response of 
patients treated with lapatinib 

and trastuzumab (A) and 
dynamics of response in 

25 patients with 
HER2-positive tumours who 

received lapatinib and 
trastuzumab and were 

assessed with CT scans until 
disease progression (B). 

In panel A, bars show the best 
percentage change in the 

target tumour burden from 
baseline. Two patients 

progressed before the fi rst 
restaging, so the tumour 
response was unknown. 

The dashed line shows a 30% 
reduction from baseline. 

Crosses below individual bars 
denote patients who were 

responding at the time of data 
cutoff . In panel B, for each 

patient, individual lines 
represent the percentage 
change in target tumour 

burden from treatment start 
(day 0) to the day of objective 
disease progression, based on 

serial assessment every 
8 weeks. Dashed lines show a 

30% reduction (blue) or a 20% 
increase (red) from baseline. 
Crosses denote patients who 

were responding at the time of 
data cutoff .

Pertuzumab + Trastuzumab for HER2-Amplified/Overexpressed Metastatic Colorectal Cancer (mCRC):  
Interim Data from MyPathway

 Background
•	 Colorectal cancer is the third leading cause of cancer deaths in the United States 
•	 Patients with mCRC have a poor prognosis, with 5-year survival rates of 12.5%1

•	 Among recent advances in precision medicine, human epidermal growth factor receptor 2 (HER2) 
has emerged as a potential therapeutic target for colorectal cancer.2 However, no HER2-targeted 
therapies are currently approved for mCRC

•	 MyPathway (NCT02091141) is an ongoing phase IIA study of patients with advanced solid tumors 
harboring genetic or molecular alterations in the HER2, BRAF, Hedgehog, or epidermal growth factor 
receptor (EGFR) pathways targeted by pertuzumab + trastuzumab, vemurafenib, vismodegib, and 
erlotinib, respectively. MyPathway seeks to evaluate the efficacy and safety of these agents in tumor 
types for which they are not currently approved

•	 In this interim report, we present updated data for an expanded cohort of patients with  
HER2-amplified/overexpressed mCRC receiving HER2-targeted therapy with pertuzumab + 
trastuzumab

 Methods
Study design
•	 MyPathway is an ongoing, multicenter, open-label, phase IIA study that harnesses multiple basket 

studies under a single master protocol
•	 Eligible patients in this analysis had treatment-refractory HER2-amplified/overexpressed mCRC, as 

assessed by next-generation sequencing (NGS), fluorescent or chromogenic in situ hybridization 
(FISH or CISH; signal ratio >2.0 or copy number >6), and/or immunohistochemistry (IHC; 3+), per 
local institutional standards

•	 Patients with active brain metastases, concurrent active anti-cancer therapy, pregnancy, or 
contraindications to pertuzumab or trastuzumab were excluded

•	 Patients received standard doses of pertuzumab + trastuzumab (pertuzumab: 840 mg intravenous 
[IV] loading dose, followed by 420 mg IV every 3 weeks; trastuzumab: 8 mg/kg IV loading dose, 
followed by 6 mg/kg IV every 3 weeks) until disease progression or unacceptable toxicity

•	 The primary endpoint is investigator-assessed objective response rate (ORR)

Assessments and statistical methods
•	 Tumor response was evaluated by the investigator every 6 weeks for the first 24 weeks and every  

12 weeks thereafter. Response was assessed per Response Evaluation Criteria in Solid Tumors 
(RECIST) (v1.1),3 although confirmatory tumor assessments were not required
	— ORR was defined as the percentage of patients with a complete response (CR) or partial 
response (PR) at any time
	— Clinical benefit rate (CBR) was defined as the percentage of patients with CR, PR, or stable 
disease (SD) for >4 months
	— Duration of response was defined as the time from the date of first treatment response to  
the date of progression/death or last tumor assessment (if there was no progressive disease  
or death)
	— Progression-free survival (PFS) was defined as the time from the date of first treatment to  
the date of progression/death or last tumor assessment (if there was no progressive disease  
or death)
	— Overall survival (OS) was defined as the time from the date of first treatment to the date of death 
or date last known to be alive (if there was no death)

 Results
Patients
•	 By the October 15, 2016 data cut-off, 247 patients had been treated in the MyPathway study, 

including 34 patients with HER2-amplified/overexpressed mCRC who initiated treatment with 
pertuzumab + trastuzumab before July 1, 2016

•	 Baseline demographics and clinical characteristics are shown in Table 1

Treatment exposure and clinical outcomes
•	 Median follow-up was 5.6 (range, 1.2–22.1) months
•	 Median time on treatment was 4.1 (range, 0–20.7) months

	— Time on treatment by patient is shown in Figure 1
•	 ORR was 38.2% (n=13; 95% confidence interval [CI], 22.2–56.4) and CBR was 50.0% (n=17; 95% CI, 

32.4–67.6) 
	— All 13 responders, 7 with ongoing treatment, achieved PR as their best response
•	 The median duration of response was 10.3 (range, 1.4–15.7) months 
•	 This group includes 1 patient with a concomitant HER2 mutation (S310F)
	— Four (11.8%) patients, 1 with ongoing treatment, had SD for greater than 4 months

•	 Seven (20.6%) patients, 1 with ongoing treatment, had SD for less than or equal to 4 months
	— This group includes 1 patient with a concomitant EGFR alteration 

•	 Ten (29.4%) patients had progressive disease (PD)
•	 The best percent change from baseline in the target lesion size by patient is shown in Figure 2
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•	 These interim data from MyPathway suggest that dual HER2-targeted therapy with 
pertuzumab + trastuzumab, a chemotherapy-free regimen, is active in patients with heavily 
pretreated HER2-amplified/overexpressed mCRC

•	 ORR was 38.2%, with durable responses (median 10.3 months), and CBR was 50.0%
•	 Pertuzumab + trastuzumab appeared to have higher activity in patients with wild-type KRAS 

tumors (ORR: 52.0%; CBR: 68.0%) compared with the KRAS-mutated cohort (ORR: 0%; CBR: 0%)
	— An analysis of 3256 patients with CRC indicated that HER2 amplification/overexpression is 
associated with KRAS wild-type tumor status2

•	 While ORR was lower in patients with right-sided colon cancer (12.5%) compared with left-
sided colon (42.9%) or rectal cancer (45.5%), a higher percentage of right-sided colon tumors 
had mutated KRAS in this analysis (62.5% vs 7.1% and 27.3%, respectively)

•	 Patients with HER2-amplified/overexpressed mCRC merit additional follow-up
•	 Accrual to MyPathway is ongoing
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HER2, human epidermal growth factor receptor 2; mCRC, metastatic colorectal cancer; PD, progressive disease; PR, partial response; SD, stable disease.
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aThree patients are excluded from this plot: 2 patients (including 1 with a KRAS mutation) who discontinued treatment due to clinical progression 
without a post-baseline tumor assessment, and 1 who discontinued treatment due to a new lesion and who was missing three quarters of the target 
lesion assessments.
b“Percent change from baseline” represents the maximum reduction/minimum increase in the target lesion size from baseline. Patients with at least a 
30% decrease in target lesion size qualify for PR. Patients with least a 20% increase in target lesion size, or the appearance of one or more new lesions, 
qualify for PD.

HER2, human epidermal growth factor receptor 2; mCRC, metastatic colorectal cancer; PD, progressive disease; PR, partial response; SD, stable disease.
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•	 ORR was higher in patients with wild-type versus mutated KRAS (52.0% vs 0%) and in patients with 
left-sided colon cancer (42.9%) or rectal cancer (45.5%) versus right-sided colon cancer (12.5%) 
(Table 2)

•	 By data cut-off, 73.5% (n=25) of patients had experienced a PFS event (tumor progression [n=23] 
or death [n=2])

•	 Median PFS was 4.6 (95% CI, 1.6–9.8) months (Table 2 and Figure 3)
	— Patients with wild-type KRAS had a higher median PFS than patients with mutated KRAS  
(5.7 [95% CI, 3.6–12.4] months vs 1.4 [95% CI, 1.1–2.8] months, respectively)

•	 By data cut-off, 50.0% of patients (n=17) had died
	— Thirteen patients died due to disease progression, 1 died from suspected brain metastases,  
and 3 died from unknown or unspecified causes

•	 Median OS was 10.3 (95% CI, 7.2–22.1) months (Table 2 and Figure 4)
	— Patients with wild-type KRAS had a higher median OS than patients with mutated KRAS  
(14.0 [95% CI, 8.0–22.1] months vs 5.0 [95% CI, 1.2–10.3] months, respectively)

Figure 1. Time on treatment for patients with HER2-amplified/overexpressed mCRC (n=34)

Figure 3. PFS in patients with HER2-amplified/overexpressed mCRC

Figure 4. OS in patients with HER2-amplified/overexpressed mCRC

Figure 2. Best percent change from baseline in target lesion size in patients with  
HER2-amplified/overexpressed mCRC (n=31)a
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Patients (n=34)

Median age, years (range)    57 (25–77)

Sex, n (%)
   Female   
   Male

19 (55.9)
15 (44.1)

Tumor site, n (%)
   Colon
      Right side
      Left side
      Transverse
   Rectum

23 (67.6)
  8 (23.5)
14 (41.1)
1 (2.9)

11 (32.4)

HER2 testing method, n (%)a,b

   NGS
   FISH/CISH
   IHC

32 (94.1)
11 (32.4)
  7 (20.6)

Median number of prior regimens (range)  4 (1–9)

KRAS status, n (%)
   Wild-type
   Mutated

25 (73.5)
  9 (26.5)

Prior anti-EGFR therapy, n (%)c,d

   Cetuximab + chemotherapye

   Panitumumab + chemotherapyf

   None

20 (80.0) 
14 (56.0)
10 (40.0)
  5 (20.0)

aSome patients had multiple test types. 
bPrevious studies have demonstrated a high concordance between NGS and FISH for HER2 amplification status.4
cPercentages are calculated based on patients with wild-type KRAS. 
dPatients may have received more than 1 line of anti–EGFR therapy.
eOne patient in this group also received cetuximab monotherapy in a different treatment line.
fThree patients in this group also received panitumumab monotherapy in a different treatment line.

CISH, chromogenic in situ hybridization; EGFR, epidermal growth factor receptor; FISH, fluorescent in situ hybridization; HER2, human epidermal 
growth factor receptor 2; IHC, immunohistochemistry; NGS, next generation sequencing; mCRC, metastatic colorectal cancer.

Clinical characteristic
ORR, n  

(% [95% CI]) 
CBR, n

(% [95% CI])
Median duration of clinical 
benefit, months (95% CI)a

Median PFS,  
months (95% CI)

Median OS,  
months (95% CI)

All patients (n=34) 13 (38.2 [22.2–56.4]) 17 (50.0 [32.4–67.6]) 10.3 (4.3–NE) 4.6 (1.6–9.8) 10.3 (7.2–22.1)
KRAS status
   Wild-type (n=25)
   Mutated (n=9)

13 (52.0 [31.3–72.2])
0 (0 [NE–NE])

17 (68.0 [46.5–85.1])
0 (0 [NE–NE])

10.3 (4.3–NE)
NA

5.7 (3.6–12.4)
1.4 (1.1–2.8)

14.0 (8.0–22.1)
5.0 (1.2–10.3)

Number of prior regimens
   <4 (n=12)
   ≥4 (n=22)

4 (33.3 [9.9–65.1])
9 (40.9 [20.7–63.6])

4 (33.3 [9.9–65.1])
13 (59.1 [36.4–79.3])

2.8 (2.8–NE)
10.3 (4.3–NE)

2.2 (1.3–5.6)
5.6 (2.7–12.4)

8.0 (1.8–NE)
10.3 (7.2–22.1)

Tumor siteb

   Colon, left side (n=14)c

   Colon, right side (n=8)d

   Rectum (n=11)e

6 (42.9 [17.7–71.1])
1 (12.5 [0.3–52.7])
5 (45.5 [16.7–76.6])

9 (64.3 [35.1–87.2])
1 (12.5 [0.3–52.7])
6 (54.5 [23.4–83.3])

10.4 (9.8–11.1)
10.3 (NE–NE)
5.0 (2.8–NE)

9.8 (1.4–12.4)
1.4 (1.1–3.9)
5.6 (1.3–11.1)

11.5 (8.5–22.1)
4.5 (1.2–14.0)
10.3 (1.8–NE)

aMedians are based on patients with clinical benefit; bOne additional patient with transverse colon cancer had a partial response lasting 2.8 months, with PFS for 5.3 months; cOne patient (7.1%) had mutated KRAS; dFive patients (62.5%) had mutated KRAS; eThree patients (27.3%) had mutated KRAS.

CBR, clinical benefit rate; CI, confidence interval; HER2, human epidermal growth factor receptor 2; mCRC, metastatic colorectal cancer; NA, not applicable; NE, not evaluable; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PR, partial response.

Table 1. Baseline demographics and clinical characteristics of patients with  
HER2-amplified/overexpressed mCRC

Table 2. Outcomes by clinical characteristics in patients with HER2-amplified or overexpressed mCRC

 Conclusions

Safety
•	 The safety profiles were consistent with the product labels for pertuzumab and trastuzumab

❖ MyPathway Study

❖ Trastuzumab + Pertuzumab

❖ HERACLES Study

❖ Trastuzumab + Lapatinib
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Biomarkers Testing in Clinics



Steps in Tissue Biomarker Testing
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Summary
❖ All patients need to be tested for KRAS, NRAS mutations at diagnosis

❖ RAS wild type patients need to be tested for BRAF mutations due to 
their poor prognosis for early referral to clinical trials

❖ MSI-H should be tested in all patients with mCRC due to major 
treatment implication using immunotherapy 

❖ HER2 amplification should be tested in RAS/BRAF wild type patients 
prior to anti-EGFR exposure to make an informed decision regarding 
toxicity/benefit and for referral to clinical trials

❖ Convenience of “one-stop” for testing will be attractive

❖ Tests need to be made available to treating oncologist as rapidly as 
possible

❖ Flexible with regards to amount and type of patient specimen available  



Questions


