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Immune Checkpoint Inhibitor (ICI) in Cancer 
Drug Development

Tang, J Nat Rev Drug Discov 17, 854–855 (2018)



Worldwide ICI Therapeutic Trials in GI Cancers

Clinicaltrials.gov search 11/2022, terms: ‘gastrointestinal cancer’ AND ‘immunotherapy’ OR ‘PD-1’ OR ‘PD-L1’ OR ‘CTLA-4’



Drug Development Not restricted to ICI

Bispecific and T-cell Engagers 

Goebler Nature et al.  Cancer Review 2020; Larson et al. Nature Reviews Cancer 2021; Nature Reviews Cancer 2021; Nature Reviews Cancer 2018

Adoptive Cellular Therapy Cytokines Vaccines and Viruses 



GI Tumors Exhibit Variable Immunogenicity 
Across

MSI-high 
Single Agent Anti-PD1

ORR 33%

Le et al.  JCO 2020; O’Reilly JAMA Onc 2019  

PDAC 
Combination Anti-CTLA4/PDL1

ORR 3.1%



Key Questions for Ongoing ICI Studies in GI 
Cancers  
• Biomarker Selection

• MSI-high
• TMB
• PD-1/PD-L1 status
• Cytolytic score 

• Combinations in the Advanced Disease State   
• Antiangiogenics
• Tyrosine Kinase Inhibitors 
• Chemotherapy 
• IO-IO (i.e. PD-1 + CTLA4, ± Lag-3)
• Radiotherapy
• BITEs, Vaccines, Cytokines, CARs  

• Earlier Disease State as Adjuvant or Neoadjuvant 



Ongoing Studies
MSI-High Colorectal and Other GI Cancers 



dMMR/MSI-H in Colorectal Cancer 

• DNA mismatch repair deficiency (dMMR) or high frequency 
microsatellite instability (MSI-H) in CRC 

Stage Frequency of dMMR/MSI-H 

I/II ~20%

III ~12%

IV ~4%



Anti-PD-1 Monotherapy and Combinations for 
MSI-high/dMMR CRC

Ganesh et al. Nature Reviews Gastroenterology and Hepatology 2020 



Phase III randomized study of Nivolumab, Nivolumab Plus Ipilimumab, or Investigator's Choice 
Chemotherapy for the Treatment of Patients With dMMR/ MSI-H Metastatic Colorectal Cancer 
(CheckMate 8HW, NCT04008030)

• Metastatic 
CRC

• dMMR

Nivolumab

≤1 prior lines: Investigator's Choice 
Chemotherapy

N=494

Primary endpoint: Progression-Free Survival (PFS) Nivo v. Ipi/Nivo
Secondary endpoints: PFS Ipi/Nivo v. chemo, ORR, DCR, OS

https://clinicaltrials.gov/ct2/show/NCT04008030

Ipilimumab + Nivolumab

Phase 3 Randomized Trial

1:1

2:2:1

Ipilimumab + Nivolumab
crossover cohort

Untreated/ 1 prior line

2 prior lines



Combination Chemotherapy With or Without Atezolizumab in 

Treating Patients With Stage III Colon Cancer and Deficient DNA 

Mismatch Repair (Alliance A021502, NCT02912559)

• Stage III colon ca

• dMMR

• One cycle FOLFOX 

allowed

Stratified by:

• T, N stage

• Tumor sidedness

mFOLFOX6 + Atezolizumab (840 Q2W) x 6 mo

 Atezolizumab alone x 6 months

mFOLFOX6 for 6 months

N=700

Primary endpoint: DFS at two-sided alpha of 0.05. 

Secondary endpoints: overall survival, treatment tolerability, and quality of life.

https://clinicaltrials.gov/ct2/show/NCT02912559



Distribution of MSI Across Cancer Types (N=15,045)
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• MSI-H tumors:
• small bowel cancer (25%; 

14/57) 

• endometrial (16%; 
86/525)

• colorectal (14%; 115/826)

• gastric ( 6%; 13/211)

Latham, Srinivasan, Berger, Stadler JCO 2018



Patient with
MSI-H TUMOR

R0 Surgical

Resection

Tumor Sequencing

SOC Adjuvant 

Therapy 

ctDNA+

CT -ctDNA 

Analysis

ctDNA-

Pembrolizumab

Observation

A Randomized Double-Blind Study of Adjuvant Pembrolizumab vs. Placebo 
In Patients with MSI-H Tumors with Persistent ctDNA Following Surgery 
(NCT03832569)

Year 1 Objective: To demonstrate clearance of ctDNA at 12 months.

Year 2, 3 and 5 Objectives: To demonstrate improvement in DFS and OS.

https://clinicaltrials.gov/ct2/show/NCT03832569



Ongoing Studies
pMMR/MSS Colorectal and Anal



pMMR/MSS Colorectal Cancer 

pMMR/MSS CRC is not sensitive to ICI 

Le et al NEJM 2018 



Multiple Combinations Strategies in Phase 1/2 testing

Ganesh et al. Nature Reviews Gastroenterology and Hepatology 2020 

Combinations 
Antiangiogenics 

MAPK Pathway 

DNA Damage 

Chemotherapy 

Radiation Therapy

Metabolomics

Novel Agents
-BITE/DARTs
-CARs
-Vaccines  



Targeting Angiogenesis in MMS/pMMR CRC (and 
other GI tumors) 

Experimental and Molecular Medicine 2020; Dvorak. JCO. 2002; Chen. The Cancer Journal. 2018;  Rini. Lancet. 2019; Lii-Cheng. ESMO. 2019; Liu. JAMA Onc. 2019



Gomez-Roca. ASCO. 2021

Lenvatinib plus pembrolizumab demonstrated antitumor activity and manageable safety 
Enrollment in the CRC cohort was expanded to 100 pts

Lenvatinib plus pembrolizumab in CRC 



Anal Squamous Cell Carcinoma 



Carboplatin and Paclitaxel +/- Nivolumab in Metastatic Anal 
Cancer Patients

https://clinicaltrials.gov/ct2/show/NCT04444921



• Global, Multicenter, Double-Blind Randomized Study

• Primary Endpoint: PFS

Carboplatin-paclitaxel ± Retifanlimab in Locally Advanced or Metastatic Squamous 
Cell Anal Carcinoma (POD1UM-303/InterAACT 2)

Treatment Naïve
Recurrent or Metastatic Anal SCC

Measurable Disease 
Intact KPS and Organ Function 

N= 300

https://www.clinicaltrials.gov/ct2/show/NCT04472429

Carboplatin + Paclitaxel + Placebo 

Carboplatin + Paclitaxel + Retifanlimab



Ongoing Studies
Hepatobiliary, Esophagogastric, Pancreas



Targeting Angiogenesis in HCC (and other GI tumors) 

Experimental and Molecular Medicine 2020



Multiple TKI or Anti-VEGFR combinations ongoing or 
resulted in HCC

Pivotal Phase 3 in the front-line

IMbrave 150

NCT03434379

Atezolizumab + Bevacizumab 

vs. Sorafenib 

PD-L1  + 

VEGFR

Phase III ORR/OS

Leap-02

NCT03713593

Pembrolizumab + Lenvatenib 

Vs

Lenvatenib

PD-1 + TKI Phase III PFS/OS

Cosmic-312

NCT03755791

Atezolizumab + Cabozantnib 

Vs.

Sorafenib 

PD-1 + TKI Phase III PFS/OS

NCT01658878 Nivolumab + Cabozantinib PD-1 + TKI Phase I/II Safety/ORR

NCT02988440 PDR001  + Sorafenib PD-1 + TKI Phase I/II Safety

NCT03006926 Pembrolizumab  + Lenvatinib PD-1 + TKI Phase I Safety

NCT03289533 Avelumab  + Axitinib PD-L1 + TKI Phase 1 Safety

NCT03347292 Pembrolizumab  + Regorafenib PD-1 + TKI Phase I Safety

NCT03418922 Nivolumab  + Lenvatinib PD-1 + TKI Phase I Safety 

NCT03439891 Nivolumab + Sorafenib PD-1 + TKI Phase I/II Safety/ORR

NCT03382886 Nivolumab  + Bevacizumab PD-1 + VEGF Phase 1 Safety

Adapted from El Dika. Cancer 2020



Hypothesis generating data for Lenvatinib + 
Pembrolizumab in HCC  

36.0% (95% CI, 26.6% to 46.2%) per RECIST v1.1.

Finn et al.  JCO 2020



• Multicenter, double-blind phase III trial 

• Primary endpoints: PFS, OS

• Secondary endpoints: ORR, DoR, DCR, TTP, safety

LEAP-002: First-line Lenvatinib Plus Pembrolizumab 
vs Lenvatinib Plus Placebo in Advanced HCC

HCC (BCLC C or BCLC B that is not amenable 
to locoregional/curative therapy); 

no previous systemic therapy; 
Child-Pugh A 
ECOG PS ≤ 1

(planned N = 750)

Lenvatinib PO QD*
Pembrolizumab  200mg IV Q3 Week  

Lenvatinib PO QD*

*Body weight < 60 kg, 8 mg; body weight ≥ 60 kg, 12 mg.

Treatment until PD, 
intolerable toxicity, 

or 36 cycles of 
pembrolizumab or 

placebo 

Llovet. ASCO 2019. Abstr TPS4152. NCT03713593.



• Multicenter, randomized, open-label phase III trial

• Primary endpoints: PFS (cabozantinib + atezolizumab vs sorafenib), OS

• Secondary endpoints: PFS (cabozantinib vs sorafenib), ORR, TTP, DoR, safety

COSMIC-312: Cabozantinib ± Atezolizumab vs 
Sorafenib in Advanced HCC

Patients with HCC not 
amenable to curative 

treatment; 
no prior systemic therapy; 

BCLC stage B or C
Child-Pugh A
ECOG PS ≤ 1

(planned N = 740)

Cabozantinib 40 mg PO QD + 
Atezolizumab 1200 mg IV Q3W

Sorafenib 400mg PO BID

Cabozantinib 60 mg PO QD 

Kelley. ASCO 2019. Abstr TPS4157. NCT03755791.



Efficacy data for CTLA-4 and PD1/PD-L1 in HCC

Checkmate-040 NCT02519348

NIVO1/IPI3  Q3W 
(n = 50)

NIVO3/IPI1  
Q3W (n = 49)

NIVO3 Q2/IPI1 
Q6W (n = 49)

Durva/Treme 
(N =40)

ORR, n (%) 16 (32) 15 (31) 15 (31) 6 (17.5)

DCR, % (95% CI) 54 (39–68) 43 (29–58) 49 (34–64) 57.5 (40.9-73.0)

mOS, mo (95% 
CI)

23 (9–NA) 12 (8–15) 13 (7–33)

12-mo OS rate, 
% (95% CI)

61 (46–73) 56 (41–69) 51 (36–64)

24-mo OS rate, 
% (95% CI)

48 (34–61) 30 (18–44) 42 (28–56)

Yao et al J Clin Oncol 37, 2019 (suppl; abstr 4012); Kelley et al. J Clin Oncol 35, 2017 (suppl; abstr 4073); Kaseb et al.  J Clin Oncol 37, 2019 (suppl 4; abstr 185); 



HIMALAYA:  Open-label, randomized,  multicentered 
phase 3 study in advanced HCC 

Study Population
•Unresectable HCC
•BCLC-B /C
•No prior systemic
•Child-Pugh A

N = 1200

R

Durvalumab 1500mg Q4W

Durvalumab 1500mg Q4W + Tremelimumab  300mg x 1 dose 

Durvalumab 1500mg Q4W + Tremelimumab  75mg x 4 doses Q4W

Sorafenib 400mg PO BID 

Stratification
•MVI
•Etiology: HBV vs HCV vs. non-viral
•Performance status 

Endpoints

•Primary: OS
•Secondary:  ORR, PFS, Safety, QOL, biomarker

Abou-Alfa. ASCO 2018. Abstr TPS4144. NCT03298451.



CheckMate 9DW: Nivolumab + Ipilimumab vs Sorafenib or 
Lenvatinib as First-Line Treatment for Advanced HCC

Patients with advanced HCC; no 
previous systemic therapy, 

Child-Pugh 5 or 6; ECOG PS ≤ 1
(planned N = 1084)

Nivolumab + Ipilimumab 

Lenvatinib PO QD*
OR

Sorafenib 400mg PO BID

*Body weight < 60 kg, 8 mg; body weight ≥ 60 kg, 12 mg.

• Multicenter, phase III trial 

• Primary endpoints: OS

• Secondary endpoints: ORR, DoR, DCR, TTSD

NCT04039607



ICI in Biliary Track Cancer 

Agent N ORR Ref

Nivolumab 30 3% Uneno et al. Lancet  Gastro and Hepatology 
2019

54 9%  central review Kim et al. JAMA ONC 2020

Pembrolizumab 40 10% Kang et al. Cancer Res Treat. 2020

104 5.8% Piha-Paul et al. Int J Cancer. 2020

24 13.0%

Ipilimumab + 
Nivolumab 

39 23% Klein et al.  JAMA ONC 2020 

Nivolumab + GEMCIS 32 46% Feng et al. JITC 2020

Nivolumab + GEMCIS 30 36% Uneno et al. Lancet  Gastro and Hepatology 
2019

Durvalumab + 
GEMCIS

45 73.5% Oh et al.  GI ASCO 2021



Gemcitabine/Cisplatin ± Durvalumab in Advanced Biliary 
Tract Cancer (TOPAZ-1)

https://clinicaltrials.gov/ct2/show/NCT03875235

• Multicenter, double blind, phase III trial 

• Primary endpoints: OS

• Secondary endpoints: PFS, ORR, DoR, DCR, ADA, QoL

Metastatic Biliary Track Cancers; 
No previous systemic therapy; 

(planned N = 757)

Gem + Cis + Palcebo

Gem + Cis + Durvalumab 

*Body weight < 60 kg, 8 mg; body weight ≥ 60 kg, 12 mg.



Advanced Gastric/GEJ Cancers

• Her2 Positive • Her2 Negative 

Study Groups Endpoint NCT

KEYNOTE-811 Pembro/tras/chemo
vs. tras/chemo 

(732 Pts)

PFS/ OS NCT03615326

MAHOGANY Margetuximab/IO/ 
chemo vs. tras/chemo

(500 Pts)

OS NCT04082364

Study Groups Endpoint NCT

LEAP-015 Pembro/lenvatini
b/chemo 
vs. chemo

PFS and OS NCT04662710



Locally Advanced Disease 

• Gastric 

Study Groups Endpoin
t

NCT no.

KEYNOTE-585 Pembro/peri-op 
chemo vs. peri-op 

chemo
(1ooo Pts)

EFS
OS

NCT03221426

MATTERHORN Durvalumab/peri-op 
chemo vs. peri-op 

chemo
(900 Pts)

EFS NCT04592913

Study Groups 10

endpoint
NCT no.

KEYNOTE-975 Pembro/chemoRT vs. 
chemoRT
[adenoCA/SCC]
(600 Pts)

EFS
OS

NCT04210115

ECOG/ACRIN Nivo/chemoRT vs. 
chemoRT  surgery 
ipi/nivo vs. nivo
[adenoCA]
(278 Pts)

pCR
DFS

NCT03604991

KUNLUN Durvalumab/chemoRT
vs. chemoRT
[SCC]
(600 Pts)

PFS NCT04550260

• Esophagus/GEJ 



Pancreatic Ductal Adenocarcinoma 

Park et al. JAMA 2021





Conclusions 

• Immune checkpoint molecules have a role an important role in cancers of 
digestive tract

• Although antitumor activity is observed with anti-PD1/L1 monotherapy, most GI 
cancers are not sensitive to this approach

• Combination strategies are now approved and are ongoing investigation to 
improve outcomes across GI cancers

• Rational combinations seek to make GI cancers more immunogenic

• More data to come in the upcoming months… 


