Biologic Therapies — What
and When?

Saurin Chokshi, MD
Assistant Professor
Chief Medical Officer, UTHSC Cancer Center Clinical Trials Office
University of Tennessee Health Science Center (UTHSC)
2023 UTHSC Surgical Oncology Annual Cancer Symposium
9/30/23



Disclosures

 No financial disclosures

* Presentation free of commercial bias



Goals

* Scope of metastatic colorectal cancer

* Current treatment approaches utilizing various biologic
agents:
* VEGF inhibitors
* EGFR inhibitors
* Immune check point inhibitors
* BRAF inhibitors
* HER2 inhibitors



Figure 3. Leading Sites of New Cancer Cases and Deaths - 2020 Estimates

Estimated New Cases

Estimated Deaths

Male

Prostate 191,930 21%

Lung & bronchus 116,300 13%
Colon & rectum 78,300 9%
Urinary bladder 62,100 7%

Melanoma of the skin 60,190 7%
Kidney & renal pelvis 45,520 5%
Non-Hodgkin lymphoma 42,380 5%
Oral cavity & pharynx 38,380 4%
Leukemia 35,470 4%
Pancreas 30,400 3%
All sites 893,660
Male

Lung & bronchus 72,500 23%
Prostate 33,330 10%
Pancreas 4,640 R0
Liver & intrahepatic bile duct 20,020 6%
Leukemia 13,420 4%
Esophagus 13,100 4%
Urinary bladder 13,050 4%
Non-Hodgkin lymphoma 11,460 4%
Brain & other nervous system 10,190 3%
All sites 321,160

|
|

Female
Breast 276,480 30%
Lung & bronchus 112,520 12%
Colon & rectum 69,650 8%
Uterine corpus 65,620 7%
Thyroid 40,170 4%
Melanoma of the skin 40,160 4%
Non-Hodgkin lymphoma 34,860 4%
Kidney & renal pelvis 28,230 3%
Pancreas 27,200 3%
Leukemia 25,060 3%
All sites 912,930
Female

Lung & bronchus 63,220 22%
Breast 42,170 15%
Colon & rectum 24,570 9%
Pancreas 410 8%
Ovary 13,940 5%
Uterine corpus 12,590 4%
Liver & intrahepatic bile duct 10,140 4%
Leukemia 9,680 3%
Non-Hodgkin lymphoma 8,480 3%
Brain & other nervous system 7,830 3%
All sites 285,360

Estimates are rounded to the nearest 10, and cases exclude basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder, Estimates do not include
Puerto Rico or other US territories. Ranking is based on modeled projections and may differ from the most recent observed data.

©2020, American Cancer Society, Inc., Surveillance Research



Table 8. Five-year Relative Survival Rates* (%) by Stage at Diagnosis, US, 2009-2015

All stages  Local Regional  Distant All stages Local Regional Distant

Breast (female) 90 99 86 27 Oral cavity & pharynx 65 84 66 39
Colon & rectum Ovary 48 92 75 29

Colon Pancreas 9 37 12 3

Rectum Prostate 98 >99 >99 31
Esophagus 20 47 25 5 Stomach 32 69 31 5
Kidney™ 75 93 70 12 Testis 95 99 96 73
Larynx 60 77 45 33 Thyroid 98 >99 98 56
Liver¥ 18 33 11 2 Urinary bladder$ 77 70 36 5
Lung & bronchus 19 57 31 5 Uterine cervix 66 92 56 17
Melanoma of the skin 92 99 65 25 . Uterine corpus 81 95 69 17

*Rates are adjusted for normal life expectancy and are based on cases diagnosed in the SEER 18 areas from 2009-2015, all followed through 2016. tincludes renal pelvis.
¥Includes intrahepatic bile duct. §Rate for in situ cases is 96%.

Local: an invasive malignant cancer confined entirely to the organ of origin. Regional: a malignant cancer that 1) has extended beyond the limits of the organ of origin
directly into surrounding organs or tissues; 2) involves regional lymph nodes; or 3) has both regional extension and involvement of regional lymph nodes. Distant: a
malignant cancer that has spread to parts of the body remote from the primary tumor either by direct extension or by discontinuous metastasis to distant organs, tissues,
or via the lymphatic system to distant lymph nodes.

Source: Source: Howlader N, Noone AM, Krapcho M, et al (eds). SEER Cancer Statistics Review, 1975-2016, National Cancer Institute, Bethesda, MD, https://seer.cancer.
gov/csr/1975_2016/, based on November 2018 SEER data submission, posted to the SEER website, April 2019.

©2020 American Cancer Society, Inc., Surveillance Research



Pathophysiology

* Molecular features of right-sided (proximal) colon cancers are
different from left-sided (distal) colon and rectal cancers

* Molecular, embryological, biological, and anatomical differences

e Right: immunogenicity (MSI, RAS/BRAF, PIK3CA); midgut; worse clinical
outcomes

* Left: less immunogenic; canonical pathways (TP53); hindgut; better clinical
outcomes

 Sidedness as a predictive marker of response to anti-EGFR drugs
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Pathology/Molecular Studies

* Extended RAS testing (KRAS, NRAS)

* Mismatch repair proteins
* MLH1, MSH2, MSH6, PMS2

* Microsatellite instability testing
* BRAF testing

* Next generation sequencing/multigene panels
* NTRK
* ERBB2



Molecular Subtype and Survival

KRAS/NRAS/BRAF wild type
(50% of metastatic CRC) — —- — *—9

KRAS/NRAS sequence variation > > S o
(35%-45% of metastatic CRC)

BRAF sequence variation N ) o—o
(5%-10% of metastatic CRC)

MSI-H/MMR-D > >
(5% of metastatic CRC)

ERBB2 amplified ——- ——-  — - *—9

(2%-5% of metastatic CRC)

Diagnosis @,
g s FOLFOX or FOLFIRI (or FOLFOXIRI) with or without biologics, with or without maintenance =P Immune checkpoint inhibition
"é. = FOLFOX or FOLFIRI with or without biologics, whichever not given in first line =l ERBB2-based clinical trial or anti-ERBB2 therapy
‘5 sl Cetuximab- or panitumumab-based regimens Treatment breaks based on preference and tolerance
% map- BRAF-directed therapy (encorafenib + cetuximab or clinical trial) @=@® Supportive care and hospice
E' Clinical trial or TAS-102 or regorafenib Biologics: bevacizumab, panitumumab, or cetuximab

JAMA. 2021;325(7):669-685. doi:10.1001/jama.2021.0106



Treatment Options in Metastatic CRC

g Prior adjuvant
Comorbidities é* &
status

Resectability Toxicity
e profile

Therapy tailored according to individual patient needs
|| <[o)

Slide credit: clinicaloptions.com




First Line Therapies — Chemotherapy

 Typically for MMR proficient/MSS tumors

* Chemotherapy backbone =~ Erna/N monthe  95% O
* 5FU/LV, capecitabine | ki 142197 314 27610364
* FOLFOX/CAPOX Xy~ bovaczomay 1467198 304 26810365
1.-b\‘ HR, 0.990; 95% CI, 0.785 to 1.249
e FOLFIRI/CAPIRI ?.;j
* FOLFOXIRI 32 5o
é.é

b il e ol

0 6 12 18 24 30 36 42 48 54 60 66

Ann Oncol. 2016;27(8):1539-1546 Time (months)



First Line Therapies — Biologic Therapies

 VEGF inhibitor - Bevacizumab - administered with either irinotecan or
oxaliplatin containing chemotherapy

10 CT Alone

Wy 0 O0Wee.. . e BV+CT
o 0.8 Median OS
£ BV + CT: 18.7 months
= D CT Alone: 16.1 months
c
S 06
n HR, 0.80 (95% CI, 0.71 to 0.90)
c 05 F-—---—m--mmm -
% 04 Log-rank p = .0003
S 0.3
2 o2

0.1

0 5 10 15 20 25 30 35 40 45 50 55

Patients at risk

* improved PFS (HR, 0.79; P <.001) but not OS (HR, 0.92; P=.18)

Eur J Cancer. 2019;106:37-44.

Oncologist. 2013;18(9):1004-12. Epub 2013 Jul 23.

Time (months)



First Line Therapies — Biologic Therapies

 EGFR inhibitor — Cetuximab, Panitumumab — combined with
chemotherapy
 only effective for patients with left sided KRAS/NRAS wild-type metastatic CRC
* Both considered interchangeable

* Colon sidedness matters g S
0. -

s —— Panitumumab Plus FOLFOX (n=325)

80% - - - FOLFOX alone (n=331)
o 70%
2
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0D 2 46 B1012141618202224 26283032 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70
Months
Events Median
n (%) (95% CIl) months
Panitumumab-FOLFOX4 256 (79) 23.8 (20.0-27.7)

Ann Oncol. 2014;25(7):1346-13%6 . —— iwkgreb sl o e e sailisieh



First Line Therapies — Biologic Therapies

* EGFR vs VEGF inhibitors — how do you choose?

« CALGB/SWOG 80405: KRAS WT mCRC FOLFOX or FOLIRI + cetuximab
or bevacizumab

* No differences in OS (30.0 months for cetuximab vs 29.0 months for
bevacizumab) or PFS (10.5 months vs 10.6 months)

JAMA. 2023;329(15):1271-1282



First Line Therapies — Biologic Therapies

* EGFR vs VEGF inhibitors — how do you choose?

E Overall survival

Participants with left-sided tumors

No. (%) of patients Maedian survival,

Overall study population

No. (%) of patients Maedian survival,

LY P

with events mo (95.798% Cl)
Panitumumab plus mFOLFOX6 (n=312) 218(69.9) 37.9(34.1-42.6)
Bevacizumab plus mFOLFOX6 (n=292) 230(78.7) 34.3(30.9-40.3)
100+
\ Hazard ratio for death,
4‘2 30+ 0.82 (95.798% Cl, 0.68-0.99)
o P=.03 by stratified log-rank test
2%
— E 604 L
o
o 3 Bevacizumab Panitumumab
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e 40+
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5] 20+
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0 T T T T ] 1
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Time, mo

JAMA. 2023;329(15):1271-1282

Participants with right-sided tumors

with events mo (95% Cl)
Panitumumab plus mFOLFOX6 (n=400) 291 (72.8) 36.2 (32.0-39.0)
Bevacizumab plus mFOLFOX6 (n=402) 322 (80.1) 31.3(29.3-34.1)
100
Hazard ratio for death,
2 80 0.84 (95% Cl, 0.72-0.98)
E P=.03 by stratified log-rank test
=B
2.2 604 <
S E . Panitumumab
o @ Bevacizumab
3= 40+
o =
o
D 204
[~
0 T T T T T 1
0 12 24 36 48 60 72
Time, mo

No. (%) of patients Median survival,

with events mo (95% Cl)
Panitumumab plus mFOLFOX6 (n=84) 71 (84.5) 20.2(15.2-32.0)
Bevacizumab plus mFOLFOX6 (n=103) 85(82.5) 23.2(18.5-29.1)

Percentage of patients

who survived

100 - i
g Hazard ratio for death,
1.09 (95% CI, 0.79-1.51)
80+
Bevacizumab
60+
Panitumumab

40 “_"‘1.,‘
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0 12 24 36 418 60 72
Time, mo




First Line Therapies — Biologic Therapies

* EGFR vs VEGF inhibitors — how do you choose?

B | Progression-free survival

Participants with right-sided tumors

No. (%) of patients Median survival,
with events mo (95% CI)
Panitumumab plus mFOLFOX6 (n=84) 73 (86.9) 7.2 (6.6-9.9)
Bevacizumab plus mFOLFOX6 (n=103) 85(82.5) 9.4(7.6-13.0)
100
£ - Hazard ratio for disease
=3 30 progression or death,
w = 1 a7
E ; 1.43(95%Cl, 1.03-1.97)
B & 601
a =
s¢
%'ﬁ 40 ~
= Bevacizumab
g8 20-
E (= Panitumumab
0 T T I I 1
0 12 24 36 48 60
Time, mo

JAMA. 2023;329(15):1271-1282



First Line Therapies — Biologic Therapies

* EGFR vs VEGF inhibitors — how do you choose?
 Sidedness is strongest factor to consider

* Resectability of oligometastatic disease

JAMA. 2023;329(15):1271-1282



First Line Therapies — Immune checkpoint

inhibitors

* Tumors that are MSI-High or mismatch repair protein deficient

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

PD-L1

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

PD-L1

Anti-PD-L1

Anti-
PD-1

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor




First Line Therapies — Immune chec

inhibitors

* Pembrolizumab — KEYNOTE-177
KEYNOTE-177 StUdy Design (nctozsesoo2)

Key Eligibility Criteria
+ MSI-H (PCR)/[dMMR
(IHC) Stage IV CRC
+ Treatment naive
+ECOG PS0Oor1

» Measurable disease
by RECIST v1.1

Pembrolizumab 200 mg Q3W
for up to 35 cycles

Investigator-Choice Chemotherapy?

mFOLFOX6 IV Q2w
OR mFOLFOX6 + Bevacizumab® IV Q2w
OR mFOLFOX6 + Cetuximab® IV Q2W
OR FOLFIRI IV @2wW
OR FOLFIRI + Bevacizumab IV Q2W
OR FOLFIRI + Cetuximab IV Q2W

Optional crossover to
pembrolizumab 200 mg Q3W
for up to 35 cycles for
patients with centrally
verified PD by RECIST v1.1,
central review

Until unacceptable
toxicity, disease
progression, or
patient/physician

withdrawal
decision

kpoint

Safety
and
survival
follow-up

* Dual-Primary endpoints: PFS per RECIST v1.1 per blinded independent central review (BICR) and OS
* Secondary endpoints: ORR per RECIST v1.1 by BICR, safety
* Tumor response assessed at week 9 and Q9W thereafter per RECIST v1.1 by BICR

sChosen before randomization; *Bevacizumab 5 mg/kg IV; “Cetuximab 400 mg/m2 over 2 hours then 250 mg/mg? IV over 1 hour weekiy

IHC: immunohistochemistry with hMLH1, hMSH2, hMSHE, PMS2; PCR: polymerase chain reaction; PFS, progression-free sunival, OS: overall sunival, ORR: overall response rate; QOW: every 9 weeks

ial 2020ASCO

ANNUAL MEETING



First Line Therapies — Immune checkpoint
inhibitors

e Pembrolizumab — KEYNOTE-177

* pembrolizumab was superior to 100-
chemotherapy with respect to
progression-free survival (median, 16.5
vs. 8.2 months; hazard ratio, 0.60; 95%
confidence interval [Cl], 0.45 to 0.80;
P=0.0002)

Hazard ratio for progression or death,
0.60 (95% Cl, 0.45-0.80)
P=0.0002

Pembrolizumab

Patients with Progression-free
Survival (%)
(¥
T

Chemotherapy

I | [ [ [ T | [ | |
0 4 8 12 16 20 24 28 32 36 40 44 48
Months
No. at Risk

Pembrolizumab 153 96 77 72 64 60 55 37 20 7 5

0 0
Chemotherapy 154 100 68 43 33 22 18 11 4 3 0 0 O

T André et al. N Engl J Med 2020;383:2207-2218.



First Line Therapies — Immune checkpoint

inhibitors

* Nivolumab/Ipilimumab — CheckMate-142

CheckMate-142 Study Design

Phase 2 Nonrandomized Study

y \ Primary endpoint:
+ Histologically s . ORR per| .
confirmed metastatic > per investigator
or recurrent CRC assaessment (RECIST v1.1)
« dMMR/MSI-H per
local laboratory Other key endpoints:
» 21 prior line of "%‘"‘“’ - ORR per BICR, DCR.®
therapy j - 4 Nivolumab 3 mgikg Q2W DOR, PFS, OS, and safety

JCO. 2022 Jan 10;40(2):161-170



First Line Therapies — Immune checkpoint
inhibitors

 Nivolumab — CheckMate-142

* Objective response rate and disease controlrate were 69% (95%
CI, 53 to 82) and 84% (95% CI, 70.5 to 93.5), respectively, with 13%
complete response rate

* Median duration of response was notreached; 74% of
responders had ongoing responses at data cutoff

* Median progression-free survivaland median overall survival
were not reached with minimum follow-up of 24.2 months (24-
month rates, 74% and 79%, respectively)

JCO. 2022 Jan 10;40(2):161-170



First Line Therapies — Immune checkpoint
inhibitors

 Nivolumab — CheckMate-142

100 -
_L‘"‘—'—-_._‘_I Median OS, months (95% : NR (NE)

80‘ Y —_—

12-month rate * T
% (95%Cl) | mﬂggﬁéﬁte \ 24-month rate * B )
=) o 70 (5% ' 9 (95% Cl)
~ S1(09510921) 1 81.7 (66810 90.4)} 79.4 (64.1 10 88.7) !
— ' - '
O 40 : : .
1 » 1
: ' :
]
20 - : : :
: [ ]
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JCO. 2022 Jan 10;40(2):161-170



Second Line therapies — Angiogenesis
inhibitors

* Continuation of bevacizumab + chemotherapy backbone
* Aflibercept + FOLFIRI

* Median OS was significantly longer in patients treated with
aflibercept (13.5 versus 12.1 months) as was median PFS (6.9
versus 4.7 months)

* Worse toxicity profile compared to bevacizumab

e Ramucirumab + FOLFIRI

* Median OS was modestly but significantly greater with
ramucirumab (13.3 versus 11.7 months), as was median PFS (5.7
versus 4.5 months)

Lancet Oncol. 2013;14(1):29. Epub 2012 Nov 16
J Clin Oncol. 2012;30(28):3499. Epub 2012 Sep 4. Lancet Oncol. 2015;16(5):499. Epub 2015 Apr 12



Second Line therapies — BRAF V60OE +

* BRAF V600E mutation occurs in approximately 10% of mCRC

MAPK Signaling in Colorectal Cancer’ BEACON CRC Phase 3 Study Design1

Safety Lead-in Completed Phase 3 Currently Enrolling

ENCO 300 mg QD
+

BINI 45 mg BID : : Continued
+ R follow-up

CETUX 400 mg/m? (initial) then 1:1:1 : ] for

evaluation

250 rng."miﬂw —ee of 05

N=30

1y F f JH, Cancar T i whawa, 2017, 108-11
dapted From: Stnokder JH. Cancer Treatment Re 20 60:109-119 1. Clinicalirials gowicli2/enoaNCTO2028224° nitos: M cinicalirals. oovici2show/NCTO2O2A224 (Fabruary 2018)



Second Line therapies — BRAF V60OE +

* median OS 9.0 months in the triplet-therapy group vs 5.4 months in
control group (HR for death, 0.52; P<0.001).

A Owerall Survival, Triplet Regimen vs. Control B Overall Survival, Doublet Regimen vs. Control
Median Overall Survival Median Owverall Suréival
1.0 mo [95% Ci) lnm mo (95% Ci)
0.9+ Triphet 9.0 (8.0-11.4) Lk Doublet 8.4 {7.5-11.0)
- 0.8 Cantrol 5.4 [4.B-56.8) - OB Cantral 54 |4.3-6.6)
E 0.7 Hazard ratio fos death, £ 074 Hazard ratss for death
3 06 052 (953 I, 0.35-0.70 g 06 QuBd (95% CI, 0.45-0.75)
g 1 P0.001 ; et “~,  P<0.00!
B 051 L A
T 044 = 04+ ‘““"1
riml -
§ 0.3 . ey Triplet. % 0.3 -y Doublet
0.2 024 —
a1 Conirol 0.1 Controd
Dl:l Li 1 1 Li 1 L] 3 1 Li 0 1 nl] I L 1 Li 1 L] L 1 L]
0 2 4 & B 10 12 14 16 18 X0 22 0 2 4 & B 10 12 14 16 18 M 2
Months Wonths
Mo, at Risk Mo, at Risk
Triplet 724 186 141 103 69 37 24 14 & 4 I O Do et 720 184 133 87 57 33 11 12 B 31 1 O
Contral 221 158 102 &0 34 18 15 7 4 2 1 O Control 221 158 102 60 34 18 15 7 4 2 1 o©

N Engl J Med. 2019;381(17):1632. Epub 2019 Sep 30.



Second Line therapies — BRAF V60OE +

A Triplet-Therapy Group
80
&0

Best Percentage Change from Baseline

B Doublet-Therapy Group
80+
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C Control Group
80
60
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20+

-20+
-40
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N Engl J Med. 2019;381(17):1632. Epub 2019 Sep 30.



Second Line therapies — HER2 overexpressors

e ~ 3 to 5% of CRCs have amplification of the HER2 oncogene or
overexpress its protein product, HER2

a Inhikrition of receptor
dimerization

Pertuzumaks

A ;
/" \ '._ .5-\" Prr)|1'-|_|1|-;1r|§1‘-'
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hia e b—DNimeriration i :Ij'l'lf;z'l i
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", domain "
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" 2
]l Engagement
G e of ADCC
.| n
membrane
!'\_.-lr:-s.irw-lcill._ﬁr.
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> | highby cyvotoxic
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\ - BN |
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Inhibition af PI3-kinase signalling,
promoting cell-cycle arrest



Second Line therapies — HER2 overexpressors

* Tucatinib plus trastuzumab - MOUNTAINEER

100 4 Best overall confirmed response
Il Complete response
80+ 3 Partial response
6 [ Stable disease
0+ 3 Progressive disease
F 40+ * Ongoing treatment as of data cutoff
o
% 2{]—1-#4--—1. - -
—DE L] * B * *
E |:|1— -
% 204
& PR AL PSSO s |
=
G 404
-60
-804

-100 rrrrrrrorrryrrrrroyrwyyrrLOrrYONNTTINTRFYYTTTNN AT AAATNNRNTATTNNNNTNTLNYRNNAN T OO

Patients

Lancet Oncol. 2023;24(5):496.



Second Line therapies — HER2 overexpressors

* Tucatinib plus trastuzumab - MOUNTAINEER

100 =

80— 72-7% (95% C1 61-1-81.3)

an
=
1

513% (95% C137-2-63.7)

n=%
-
1

Overall survival (%)

——

20

F 4
1 1 | | 1 1 1 I | | 1

J T J T | j
0 1 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54
Months since randomisation (cohort B) or start of study treatment (cohort A)

Lancet Oncol. 2023;24(5):496.



Second Line therapies — HER2 overexpressors

* Trastuzumab plus lapatinib — HERACLES
* 30% (8/27) objective response; 44% (12/27) stable disease

* Trastuzumab plus pertuzumab — MyPathway
* 26% (22/84) objective response

 Fam-trastuzumab deruxtecan — DESTINY-CRCO1
* 45% objective response (24/53)
 Median PFS 7 months, median OS 16



KRAS/NRAS/BRAF wild type
(50% of metastatic CRC) —————— | 11+ | — |11 | — |1 o—0

KRAS/NRAS sequence variation
(35%-45% of metastatic CRC) —— |1+++:| —| 1| O

BRAF sequence variation o o
(5%-10% of metastatic CRC) — | 111+ | s— |11 *—0

MSI-H/MMR-D —Il""'"ll —
(5% of metastatic CRC)

ERBB2 amplified - [ 111111 —- |11 T
(2%-5% of metastatic CRC) e B g — *—o

Diagnosis @,

g s FOLFOX or FOLFIRI (or FOLFOXIRI) with or without biologics, with or without maintenance =P Immune checkpoint inhibition

E. = FOLFOX or FOLFIRI with or without biologics, whichever not given in first line =l ERBB2-based clinical trial or anti-ERBB2 therapy

‘5 ==l Cetuximab- or panitumumab-based regimens luini] Treatment breaks based on preference and tolerance
% map- BRAF-directed therapy (encorafenib + cetuximab or clinical trial) @=@® Supportive care and hospice

E' Clinical trial or TAS-102 or regorafenib Biologics: bevacizumab, panitumumab, or cetuximab

JAMA. 2021;325(7):669-685. doi:10.1001/jama.2021.0106



Treatment Options in Metastatic CRC

g Prior adjuvant
Comorbidities é* &
status

Resectability Toxicity
e profile

Therapy tailored according to individual patient needs
|| <[o)

Slide credit: clinicaloptions.com
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