
What’s Next for Cancer 
Immunotherapy?

Ryan J. Sullivan, MD
Associate Director, Melanoma Program

Massachusetts General Hospital Cancer Center



Disclosures

• Advisory Board/Consulting:
• Novartis

• Amgen

• Merck

• Array

• Syndax

• Replimmune

• Research Sponsorship:
• Amgen

• Merck



2014 2015 2016 2017 20182011

Nivolumab

PembrolizumabIpilimumab

Anti-CTLA4 Anti-PD-1 Anti-PD-L1

Atezolizumab

Avelumab

Durvalumab

Melanoma
NSCLC
Renal Cell Carcinoma
Urothelial Bladder Cancer
Hodgkin Lymphoma
Head and Neck Squamous Cell Carcinoma
Merkel Cell Carcinoma
MSI Cancers
Gastric Cancer 
Hepatocellular Carcinoma

Year Drugs Approvals Disease
indications

2011 1 1 1

2014 2 2 1

2015 3 4 3

2016 3 5 4

2017 4 9 6

2018 4 3 3

Adjuvant

Ipi/nivo

Immune Checkpoint Inhibitors and US FDA 
Approvals



NSCLC

Melanoma

nsqNSCLC Colorectal

Pancreas

Hepatic

HNC

GBM

Hematological

Lymphomas

RenalProstate

Ovarian

Cervical

Merkel

Sarcoma

Advanced 

Malignancies

Pembro

+ Azacitidine

Pembro+Ziv-aflibercept

Pembro+Tamoxifen

Nivo+Ipi

Nivo+Ipi

Nivo+ablation
Nivo+galunisertib

Nivo+SunitinibNivo+ INCB24360 

Nivo

+ Ipi

durva+treme
Durva+ADXS11-001

Durva+ADXS11-001

Durva+MEDI6469

Pembro+

ACP-196

Pidilizumab +

Provenge+

Cyclo

Pidilizumab +DC vaccine

Atezo+chemo+bevacizumab

Atezo+chemo

Atezol+ lenalidomide

durva+treme
avelumab+doxcetaxl

Bladder

Nivo+ Ipi

Pembro+

Lenvatinib

Atezo+Azacitidine

durva+treme

Atezo+SOC chemo

Pembro+Ublituximab

+TGR-1202

PD-1 Pathway

Combo

Pembro+PV-10

Nivo+erlotonib

Nivo+brentuximab vedotin

Durva+Ramucirumab

Phase I

Phase II

Phase III

Nivo+ class I peptides

+ ISA 51 VG+ipi
Pembro+

Peg-IFNa-2b
Atezo + Vemurafenib

Nivo+Trametinib+Dabrafenib

Pembro+

Cavatak
Nivo+FP008

Durva+Trametnib+Debrafenib

Nivo + ipi +

Sargromstim

Nivo+Ceritinib

Durva+Treme+IMCgp100
Nivo+ Ipili

+ Trametinib + 

Dabrafenib
Nivo+Ipi

Pembro+Trametinib+Dabrafenib

Nivo+ALT803

Pembro

+INCB024360

Nivo+crizotonibPembro+crizotonib

Pembro

(Keynote-021)

Atezo+INCB024360
Nivo+INC280

Durva+Selected Small Molecules
Pembro+Carboplatin/Nab-Paclitaxel 

Atezo+radiation
Nivo+FP008

Durva+  

Ramucirumab

Nivo+Nab-Paclitaxel

+ Gemcitabine

NivoCheckmate012

Durva+AZD9291

Atezol

+ erlotinib
Nivo + 

FP008 Durva+

Ramucirumab
Nivo+ Nab-Paclitaxel + Gemcitabine

Durva+treme+radiation
Nivo+FP008

Pidilizumab

+Gemcitabine

Pembro+ 

Neoadjuvant Chemoradiation

Nivo+GVAX
Nivo+GVAX+CRS-207

Nivo+Galunisertib
Nivo+FP008

Pembro+ radiation

Durva+treme
Pembro+ Bevacizumab 

Nivo+FP008

Nivo+DC vaccines

Nivo+Temozolomide

Atezo

+ Obinutuzumab+Lenalidomide

Pembro+chemotherapy

Pembro

+ ACP-196

Nivo+

Ipi

Atezo+

Bevacizumab
Pembro+

Bevacizumab

Pembro

(Keynote-29)

Pidilizumab + DC vaccine

Durva+MEDI6469

Durva+AZACITIDINE

Pidilizumab + LenalidomideNivo+5-azacytidine

Nivo+Imbrutinib

Pembro+Pomalidomide

Nivo+Dasatinib
Nivo+Urelumab

Nivo+

Ipi or lirilumab
Avelumab

+ AxitinibNivo Checkmate016
Pembro+Axitinib

Durva+ 

Treme

+SOC 

Pembro+ 

pTVG-HP Plasmid

DNA Vaccine

Pembro+vaccine
Pembro+ADXS31-142 

Pembro

+ACP-196

Durva+

AZD4547

Durva+MEDI9447
Atezo+GDC-0919

Atezo+ipi
Atezo+RO6895882

Atezo+IFNalpha
Atezo+emactuzumab

Nivo+ABBV-399

Durva+ 

MEDI0680

Nivo+lirilumab
Nivo

+ anti-LAG3

Pembro+MK-4166

Pembro+PF-05082566
Durva+treme+Mogamulizumab

Avelumab + PF-05082566
Atezo+RO7009789

Pembro+Hypofractionated Radiotherapy

Breast
Pembro+GSK3174998 

Pembro+Stereotactic Ablation
PDR001

+ LAG25

Pembro+Cetuximab
durva+INCB024360Nivo+ 

Nab-Paclitaxel

+Gemcitabine

Pembro+eribulin

mesylate

Durva+treme

Atezo+ Nab-Paclitaxel

Atezo+chemo

Nivo+varilumab

Pembro

+ACP-196
Durva+ Olaparib

Pembro+chemo

Durva+Motolomid+doxyrubicin

Avelumab +Crizotinib

Avelumab +Doxyrubicin

Durva+ nab-

paclitaxel

+ gemcitabine

Avelumab +AZD5069 

Pembro+chemotherapy

Nivo+HAM
Pembro + HAM

Pembro +GR-MD-02

Pembro+Birinapant

Lirilumab+ Nivolumab+5-azacytidine

Checkmate-401

Nivo+BMS-986156

Nivo+surg+chemo

Atezo+ sterotactic radiation

Nivolumab

+ Ipilimumab
Nivo+Radiation

Nivo+ IFNg

Nivo+ipi

Atezo+CMB305  

Durva+ 

AZD1775

Durva+Pomalamide

+ Dexamethasone

Pembro+IL-2+ ACT

Pembro+RESOLYN
Nivo+Ipi+ACY 241 

Nivo+ipi+LGX818MEK162

Pembro+Vorinostat

Pembro+IPI-549

Pembro+Axitinib

Nivolo+Vigil

Ipi+IMO-2125 

durva+treme+Poly(ICLC)

durva+treme+Poly(ICLC)

durva+treme+Poly(ICLC)

durva+treme+Poly(ICLC)

durva+

treme+

Poly(ICLC)

durva+

treme+Poly(ICLC)

durva+treme

+Poly(ICLC)

Durva+Treme+HF radiation

Durva+Treme+HF radiation

Durva+Treme

+HF radiation Pembro+ adjuvant cisplatin + radiation

Pembro+INCB039110

+INCB050465

Pembro+INCB039110

+INCB050465 

Pembro+INCB039110

+INCB050465

Pembro+Cyclophosphamide+GVAX+SBRT

Pembro+ Doxyrubicin

and/or anti-estrogen therapydurva+Trastuzumab

Nivo+ACT+ 

Urelumab

Atezo+RO6958688 

Pembro+CTL019

Nivo+Urelumab

Urelumab+BMS-986016

Nivo

+BMS-986205

Nivo+Ipi+

laser beam

radoitherapy

Nivo+Ipi

Atezo+bevacizumab+ 

aspirin

durva+treme+

paclitaxel + carboplatin

durva+treme+

paclitaxel + carboplatin

SCLC

durva+ 

Treme+

carboplatin + 

etoposide

durva+treme+gemcitabine+ carboplatin
durva+treme+

nab-paclitaxel + carboplatin 

Pembro+CDX-1401

+PolyICLC

Pembro+CDX-1401

+PolyICLC

Pembro+CDX-1401

+PolyICLC

Pembro

+CDX-

1401

+PolyICLC

Pembro+CDX-1401

+PolyICLC

PDR001

+ MGB453

CRI Venture Fund

Landscape

Pembro

+ AFM13

Nivo+ Radiation +

Temozolomide

Durva+Bavituximab

Durva+IPH2201

Pembro+bevacizumab

Pembro+bevacizuma

b

Nivo+Ipi

+post 

ASCT

Durva+Taxane-anthracycline Chemo

Pembro+INCB039110+

INCB050465

Pembro+INCB039110+INCB050465

Pembro+dinaciclib

Pembro+

Margetuximab

Nivo+Ipi+

radiation

nivo+Mogamulizumab

durva+ 

Treme+

radiation

Pembro+GMCSF

durva+JCAR014

Pembro after

Frontline chemo

Atezo+entinostat

Pembro

+ cetuximab
Pembro

+ AMG 820 Nivo+HBI-8000 

Nivo+HBI-8000 

Nivo+HBI-8000 

Pembro+

Indoximod Nivo+

Indoximod

Atezo

+ bevacizumab

+chemo

Atezo

+ bevacizumab

+chemo

Atezo

+ bevacizumab

+chemo

Avelumab+carbo/tax

Durva+LY3022855

Pembro

+EphB4

-HSA 

Pembro+ doxcetaxel

Nivo+Elotuzumab

Pomalidamide

Dex

Nivo+Ipi+TAK-580

TAK-202

Vedolizumab

durva+paclitaxel

+carboplatin

durva+Vigil

Pembro+GSK3359609 

Nivo+Ipi

After Nivo progression

Atezo

+ Obinutuzumab+

Polatuzumab Vedotin

durva+Lenalidomide+Rituximab

durva+ibrutinib

durva+

Bendamustine+

Rituximab

durva+

Bendamustine+

Rituximab

Nivo+Ipi
Nivo+WT1vaccine

Pembro+Ipi

Atezo

+ carbo+

etoposide

Durva+AZD4635

Durva+LY2510924

Pembro+

CVA21

PDR001+GWN323

PDR001

+GWN323

Pembro+IL-2

Nivo+BMS-936558

Nivo+dasatinib

AMP-224

+SBRT

Nivo+BMS-986179

Nivo+chemo

Nivo+desatinib
Nivo+BMS-986016

durva+ 

Treme+

Folfox+ 

bevacizumab

Pembro+

epacadostat

Pembro+carbo

+gemcitibine

Nivo+PT2385

durva+

treme+

Pembro

+ ACT

Pembro+nabpax

Nivo+chemo

+XRT

Atezo

+ BCG

Nivo+XRT

+chemo

Nivo+CB-839

Nivo+CB-839

Nivo+CB-839

Pembro+cyclo

durva+

treme+

Nivo+

LAG3

Nivo

+vaccine+

NYESO1 ACT

Ipi+nivo

Nivo+XRT

Durva+

treme

Durva+Avastin Durva+Treme

Atezo+Cobimetinib

Atezo+Cobimetinib

Atezo

+ carbo+

etoposide

Atezo+MTIG7192A

Atezo

+ gem/carbo

Durva+Avastin

Durva+ 

Mocetinostat

Durva+Pomalamide

+ Dexamethasone+Dara

durva+

azacitidine

durva+

azacitidine

durva+

azacitidine

Pembro+Vemurafenib

Pembro+

lenvatinib

Pembro+imatinib

Atezo

+ R-223-D

Nivo+

XRT

Nivo+

Decitabine/Tetrahydrouridine i

Nivo+cyclo+XRT

TSR-022+TSR-042

durva+bev

Nivo+desatnib

PDR001

+INC280

PDR001

+IMCS110

PDR001

+IMCS110

PDR001

+IMCS110

Pembro+chemoradiation

Pembro+TILs

Pembro+AM0010

Pembro+AM0010

Pembro+

AM0010

Pembro+AM0010

Pembro+AM0010

Pembro+AM0010

Pembro+AM0010

Pembro+

Indoximod

Pembro+ LV305

Pembro+CM-24

Pembro+CM-24

Pembro+CM-24

Pembro

+CM-24
pembro

+ BCG

pembro

+post 

ASCT

Pembro+ Idelalisib

Pembro+Ibrutinib

Pembro+chemoradiaton

Pembro+

INCB054828 

Pembro+INCB054828 

Pembro+INCB054828 

Pembro+afatinib

Pembro+selexnor

Pembro+XBRT Pembro+azacitidine+

Romidepsin

Pembro+pIL12

Pembro

+taxol

BGB-A317+BGB-290
BGB-A317+BGB-317

It’s dizzying!

What about combination therapy?
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What about combination therapy?



1. More effective therapies (combinations)

2. Better predictive biomarkers of benefit

3. Improve our understanding of mechanisms of 
therapeutic resistance

What are the unmet needs?



Vaccines
IFN-g
GM-CSF
Anti-CD40
TLR agonists
Oncolytic virus

STING agonist

Anti-VEGF
Oncolytic virus
Anti- PI3K-gamma
Anti-TGF-beta

Adoptive Cell Therapy 
TCR-Ts
CAR-Ts
BiTEs

Anti-PD-1/PD-L1
Anti-CTLA4 (effects on T-Reg)
IDO inhibitors

Modified from Chan and Melman, Immunity 2015

Anti-PD-1/PD-L1
Anti-CTLA4 (effects on T-Reg)

Oncolytic virus

Oncolytic virus

Oncolytic virus

Chemotherapy
Radiation therapy
Targeted therapy
Oncolytic virus

Anti-CTLA4                    Anti-CTLA4
Anti-CD137/41BB (agonist)
Anti-Ox40 (agonist)
Anti-CD27 (agonist)
IL2
IL-12



Targeted therapy IDO inhibitors

Modified from Chan and Melman, Immunity 2015



1. Increase antigen expression 2. Decreased immunosuppresive cytokine production

3. Increase CD8+ T-cell infiltration

4. Increase T-cell clonality (Adaptive Biotechnologies) 5. Increased PD-L1 expression

Frederick et al. Clin Cancer Res 2013

BRAFi effects on tumor microenvironment predict optimal 
combination is with anti-PD1/PD-L1 inhibition



CD8+ T cell per Tumor Cell

ND MEKi

Class I MHC

ND MEKi

P = 0.0024

Tumor Volume (mm3)

Day

Control

AntiPD-L1

MEKi (38963)

MEKi + antiPD-L1

Intratumoral T cell 

accumulation
Tumor cell 

visibility

Efficacy                     

(CT26 syngeneic mouse model)

Ebert P et al. Immunity 2016.

MEKi has similar effects in a colon cancer model…



Loi et al. Clin Cancer Res 2016.

… and in Triple Negative Breast
Cancer



Cooper et al Cancer Immunol Res 2014

↑ MHC and melanoma 
antigen expression3

Antitumor activity of 
combined BRAFi+MEKi plus 

anti-PD-13

Hu-Lieskovan et al. Sci Transl Med 2015. 

Preclinical data predicts synergy between MAPK targeting 
and PD1/PDL1 inhibition



Screening Atezo + Vem combinationVem run-in

C1 C2+Up to 28 d

Vem (PO BID)
960 mg 720 mg 720 mg

Atezo (IV q3w) 

starting C1D1
15 mg/kg

Screening Atezo + Vem combination (concurrent start)

C1 C2 C3 C4+Up to 28 d

Vem (PO BID)

Atezo (IV q3w)

720 mg

20 mg/kg

Cohort 1

Cohort 2

Screening Atezo + Vem combinationVem run-in

960 mg 720 mg 720 mg

Atezo (IV q3w) 

starting C1D1
1200 mga

C2 C3+Up to 28 d 28 d C1

Vem (PO BID)

Cohort 3

56 d

All 
N = 17

Concurrent 
atezo + vem

Staggered atezo + vem

C1
n = 3

C2
n = 8

C3
n = 6

Median safety follow-up, mo 12.3 6.5 10.6 14.2

All treatment-emergent AEs 100% 100% 100% 100%

Grade 3 atezo-related AEs 41% 67% 38% 33%

Grade 3 vem-related AEs 
(during combination period)

59% 100% 50% 50%

Hamid et al. SMR 2015

Best overall response (confirmed, RECIST v1.1)

• 16/16 (100%) patients evaluable for tumor response had reduction in target lesionsa
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Vemurafenib plus atezolizumab



Screening

Atezo + Cobi + Vem

Atezo 800 mg, cobi 60 mg, vem 720 mg

Cobi + Vem

Days1-21: Cobi 60 mg, 

vem 960 mg

Days 22-28: Vem 720 mg

C1Up to 28 d 28 days C2+

Atezo (IV q2w)
800 mg

Vem (PO BID)
960 mg 720 mg

Cobi (PO QD, 21/7)
60 mg

Best Objective Response 

(RECIST v1.1)

N = 38

n (%) 95% CI

ORRa 31 

(81.6%)
65.7, 92.3

CR
7 

(18.4%)
7.7, 34.3

PR
24 

(63.2%)
46.0, 78.2

SD 3 (7.9%) 1.7, 21.4

PD 2 (5.3%) 0.6, 17.8

NEb 2 (5.3%) 

Sullivan et al. SMR 2016; updated ASCO 2017

Vem/Cobi/Atezo



Safety during triple combination N = 39; n (%)

Treatment-emergent AEs during combination period

All grade atezo- and/or cobi- and/or vem-related AEs 37 (95%)

Grade 3-4 atezo- and/or cobi- and/or vem-related AEs 16 (41%)

Grade 3-4 atezo-related AEs 11 (28%)

Treatment-related SAEs 6 (15%)

All treatment discontinuations 6 (16%)

• The triple combination treatment was generally well tolerated; no 

unexpected AEs occurred

• No Grade 5 AEs occurred

• All AEs were manageable and reversible with dose interruption 

and/or reduction

• Treatment-related SAEs: 

• All six patients continued with treatment after study drug 

interuption

All-Grade AEs 

(≥ 20% incidence)

N = 39

n (%)

Arthralgia 19 (48.7)

Diarrhea 17 (43.6)

AST increased 16 (41)

Fatigue 16 (41)

Photosensitivity reaction 16 (41)

Nausea 16 (41)

Pyrexia 15 (38.5)

ALT increased 14 (35.9)

Pruritus 14 (35.9)

Influenza-like illness 11 (28.2)

Rash - maculopapular 10 (25.6)

Grade 3-4 AEs^^
N = 39

n (%)

ALT increased 5 (12.8)

AST increased 4 (10.3)

Hypophosphatemia 3 (7.7)

Blood creatinine phosphokinase 

increased
2 (5.1)

Diarrhea 2 (5.1)

Blood bilirubin increased 2 (5.1)

Rash 2 (5.1)

^^1 each of the following: Nausea, vomiting, stomatitis, 
pyrexia, lubmar spinal stenosis, hyponatremia, anemia, 
bilateral UE rash, sepsis, hypertension, autoimmune 
hepatitis, diverticulitis

Sullivan et al. SMR 2016; updated ASCO 2017

Safety Summary



• Atezo + cobi + vem treatment is relatively safe 

• The triple combination demonstrated promising antitumor activity

 Unconfirmed response rate was 81.6%

• A dosing schedule that includes a cobi and vem lead-in was safe and efficacious, and merits further 
investigation

• Increased tumor CD8+ T-cell accumulation after cobi + vem treatment may result in enhanced 
immunotherapy responsiveness and supports the mechanistic rationale for this study

11.01

11.58

Patient 2 (CR)
(Massachusetts General Hospital)

1.83

10.58

Patient 3 (SD)
(Massachusetts General Hospital)

Patient 1 (CR) 
(MD Anderson Cancer Center)

0.17

1.22

Pre-

treatment

Post-

cobi+vem

doublet 

treatment

Sullivan et al. SMR 2016; 
updated ASCO 2017

Summary of Vem/Cobi/Atezo



R 28 days Treatment until PD or toxicity

Previously Untreated 

Advanced Melanoma

• BRAF V600 mutation

• ECOG PS 0-1

• Measurable disease

• No significant history of 
liver disease

N = 500

Vem 960mg BIDa

Cobi 60mg QDb

Atezo 840mg q2w
Vem 720mg BID + Vem Placebo 240mg BID

Cobi 60mg QDb

Vem 960mg BIDa

Cobi 60mg QDb

Placebo q2w
Vem 960mg BID

Cobi 60mg QDb

Randomized trials

NCT02908672

NCT03149029

R

Previously Untreated Advanced 

Melanoma

• BRAF wild-type

• Measurable disease by RECIST v1.1

Anti-PD-1 Therapy

Cobimetinib + Atezolizumab

CO39722; NCT pending

Novel design/endpoint trials

Primary endpoint: CBR at 24 weeks
Secondary endpoints:

COUNTLESS!

Next Steps



There is a strong rationale to combine MAPK inhibitors with anti-PD-1, 
anti-PD-L1 inhibitors in BRAF mutant AND BRAF wild-type melanoma

More trials are needed to justify use of these combinations as standard of care

Regimens combining MAPK-targeted therapy plus anti-PD-1/anti-PD-L1 therapy 
show promising efficacy and safety

CD8+ T cell per Tumor Cell

ND MEKi

Class I MHC

ND MEKi

P = 0.0024

Tumor Volume (mm3)

Day

Control

Anti-PD-L1

MEKi (38963)

MEKi + anti-PD-L1

R

Previously Untreated Advanced 

Melanoma

• BRAF wild-type

• Measurable disease by RECIST v1.1

Anti-PD-1 Therapy

Cobimetinib + Atezolizumab

R 28 days Treatment until PD or toxicity

Previously Untreated 

Advanced Melanoma

• BRAF V600 mutation

• ECOG PS 0-1

• Measurable disease

• No significant history of 
liver disease

N = 500

Vem 960mg BIDa

Cobi 60mg QDb

Atezo 840mg q2w
Vem 720mg BID + Vem Placebo 240mg BID

Cobi 60mg QDb

Vem 960mg BIDa

Cobi 60mg QDb

Placebo q2w
Vem 960mg BID

Cobi 60mg QDb

Summary – Targeted Therapy



Anti PD-1/PD-L1 
IDO inhibitors

Modified from Chen and Melman, Immunity 2015

A cautionary tale…



Epacadostat Plus Pembrolizumab in Patients With Advanced 
Melanoma: Phase 1 and 2 Efficacy and Safety Results From 

ECHO-202/KEYNOTE-037
O. Hamid,1 T. F. Gajewski,2 A. E. Frankel,3 T. M. Bauer,4 A. J. Olszanski,5 J. J. Luke,2 A. S. Balmanoukian,1

E. V. Schmidt,6 B. Sharkey,7 J. Maleski,7 M. M. Jones,7 T. C. Gangadhar8

1The Angeles Clinic and Research Institute, Los Angeles, CA, USA; 2University of Chicago, Chicago, IL, USA; 
3University of Texas Southwestern Medical Center, Dallas, TX, USA*; 4Sarah Cannon Research 

Institute/Tennessee Oncology, Nashville, TN, USA; 5Fox Chase Cancer Center, Philadelphia, PA, USA; 
6Merck & Co., Inc., Kenilworth, NJ, USA; 7Incyte Corporation, Wilmington, DE, USA; 
8Abramson Cancer Center of the University of Pennsylvania, Philadelphia, PA, USA

Presentation #1214O 

Session: Melanoma and Other Skin Tumours

Presented at the ESMO Annual Meeting 2017

Madrid, Spain

September 9, 2017



• IDO1 

• IFNγ-induced intracellular 
enzyme 

• catalyzes the first and rate-
limiting step of tryptophan 
degradation in the kynurenine 
pathway

• depletion of tryptophan and 
production of kynurenine and 
other metabolites shift the local 
TME to an immunosuppressive 
state that helps tumor cells 
evade immunosurveillance

IDO1 mediates an immunosuppressive tumor 
microenvironment



All 
Patients
(N=65)

Treatment-Naive for 
Advanced Disease, All E Doses

(n=54)

Treatment-Naive for
Advanced Disease, E 100 mg

(n=39)

Per-protocol evaluable,* n 
(%)

n=63 n=53 n=38

ORR (CR+PR) 35 (56) 29 (55) 22 (58)

CR 9 (14) 7 (13) 3 (8)

PR 26 (41) 22 (42) 19 (50)

SD 10 (16) 9 (17) 6 (16)

DCR (CR+PR+SD) 45 (71) 38 (72) 28 (74)

PD or death 18 (29) 15 (28) 10 (26)

Not evaluable† n=2 n=1 n=1

• For all patients, based on irRECIST (n=63*): ORR=59% (9 CR, 28 PR); DCR=75% (10 SD)

Best Objective Response by RECIST v1.1
Epacadostat Plus Pembrolizumab, P1/2 Advanced Melanoma



Epacadostat Plus Pembrolizumab Versus 
Pembrolizumab Alone in Patients With Unresectable or 
Metastatic Melanoma: Results of the Phase 3 ECHO-

301/KEYNOTE-252 Study
Georgina V. Long,1 Reinhard Dummer,2 Omid Hamid,3 Thomas Gajewski,4 Christian 

Caglevic,5 Stephane Dalle,6 Ana Arance,7 Matteo S. Carlino,8 Jean-Jacques Grob,9 Tae Min 
Kim,10 Lev Demidov,11 Caroline Robert,12 James Larkin,13 James R. Anderson,14 Janet 

Maleski,15 Mark Jones,15 Scott J. Diede,14 Tara C. Mitchell16

ASCO 2018: Presented by Georgina V. Long

1Melanoma Institute Australia, The University of Sydney, Royal North Shore and Mater Hospitals, Sydney, Australia; 2University Hospital Zürich, 

Zurich, Switzerland; 3The Angeles Clinic and Research Institute, Los Angeles, CA, USA; 4University of Chicago Medical Center, Chicago, IL, USA; 
5Fundacion Arturo Lopez Perez, Santiago, Chile; 6Hospices Civils De Lyon, Cancer Research Center of Lyon, Claude Bernard University Lyon, Pierre 

Benite, France; 7Hospital Clínic de Barcelona, Barcelona, Spain; 8Westmead and Blacktown Hospitals, Melanoma Institute Australia, The University of 

Sydney, Sydney, Australia; 9Aix-Marseille University, Marseille, France; 10Seoul National University Hospital, Seoul, South Korea; 11N.N. Blokhin 
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Foundation Trust, London, United Kingdom; 14Merck & Co., Inc., Kenilworth, NJ, USA; 15Incyte Corporation, Wilmington, DE, USA; 16Abramson 

Cancer Center of the University of Philadelphia, Philadelphia, PA, USA.



Key Eligibility Criteria

• Unresectable stage III or IV melanoma, 

advanced/metastatic disease

– Patients with BRAF mutation could have 

received prior BRAF/MEK therapy

– Prior anti-CTLA-4 or interferon in adjuvant 

setting permitted

• ECOG performance status 0–1

• No active CNS metastases

Stratification
• PD-L1 status (positivea vs negative)

• BRAF mutation status

– Wild type

– Mutant with prior BRAF-directed therapy

– Mutant without prior BRAF-directed therapy

Epacadostat 100 mg PO BID 
+

Pembrolizumab 200 mg IV Q3W
n=354

Placebo
+

Pembrolizumab 200 mg IV Q3W
n=352

• Primary endpoints: PFS (RECIST v1.1) and OS
• Secondary endpoints: ORR (RECIST v1.1), 

DOR, safety

BID, twice daily; DOR, duration of response; ECOG, Eastern Cooperative Oncology Group; ORR, objective response rate; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression-free survival; 

Q3W, every 3 weeks; RECIST, Response Evaluation Criteria In Solid Tumors.
a³1% staining in tumor and adjacent immune cells as assessed by IHC (22C3 antibody).

N=706

R 1:1

Progression-Free Survival (RECIST v1.1, BICR)

BICR, blinded independent central review; CI, confidence interval; E, epacadostat; HR, hazard ratio; P, pembrolizumab; PFS, progression-free survival; RECIST, Response Evaluation Criteria In Solid Tumors.

PFS defined as time from randomization to disease progression or death, whichever occurred first.
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0
0

E + P
Placebo + P

Number at risk

36.9%
36.6%

45.8%
45.8%

E + P 
Placebo + P

HR (95% CI): 1.00 (0.83-1.21)
P = 0.517

Events, 

n (%)

Median PFS, months

(95% CI)

E + P 218 (61.6) 4.7 (2.9-6.8)

Placebo + P 219 (62.2) 4.9 (2.9-6.8)

Overall Survival

CI, confidence interval; E, epacadostat; HR, hazard ratio; NR, not reached; OS, overall survival; P, pembrolizumab.
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HR (95% CI): 1.13 (0.86–1.49)
P = 0.807

Events, 

n (%)

Median OS, months

(95% CI)

E + P 106 (29.9) NR (NR, NR)

Placebo + P 98 (27.8) NR (NR, NR)

Echo 301/KN252



1. We need to be more careful

2. Amazing efficacy in a single-arm, open-labeled 
combination cohort may not be predictive of efficacy

3. Propose at least one of the following criteria need to be 
met:

• Single agent efficacy of both agents

• Efficacy in small, randomized cohorts

• Efficacy more prominent in a biomarker defined populations

DRUG DEVELOPMENT 101

Lessons to be learned from epacadostat
fiasco



1. More effective therapies (combinations)

2. Better predictive biomarkers of benefit

3. Improve our understanding of mechanisms of 
therapeutic resistance

A topic for an other day

What are the unmet needs?



1. More effective therapies (combinations)

2. Better predictive biomarkers of benefit

3. Improve our understanding of mechanisms of 
therapeutic resistance

What are the unmet needs?



Tail on the curve

Median survival > 3 years!

Wolchok et al. NEJM 2017

Most patients develop resistance 

Most patients will still die 
of metastatic melanoma



Sharma et al. Cell 2017



Analysis of longitudinal 
biopsies collected from 17 
metastatic melanoma patients 
treated with checkpoint 
inhibitor therapy was 
performed to evaluate for 
potential mechanisms of 
resistance

Sade-Feldman, et al. Nat Commun. 2017

MGH Cancer Center Longitudinal Series



Focused on a patient that developed resistance to CPB:

Responded for 6 months, then relapsed

Has 6 high quality biopsies at baseline, disease regression, and 
disease progression   

Sade-Feldman, et al. Nat Commun. 2017
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The following criteria were
used to ID potential drivers:
1. Genes with multiple non-silent 

mutations and LOH that are 
dominant only during PD

2. Only 1 of 5761 mutations 
satisfied these criteria

B2M

Sade-Feldman, et al. Nat Commun. 2017



Two distinct mutations 
in B2M occurred in 

parallel at progression 

Sade-Feldman, et al. Nat Commun. 2017



Patient Phenotype Samples B2M alterations

Patient 1 Resistance On treatment (relapse) LOH, p.Leu13fs and 
p.Ser14fs mutations

Patient 2* Resistance On treatment (relapse) p.Ser14fs (50-90% of 
cancer cells) and 
p.Gly63fs (70-90% of 
cancer cells) mutations

Patient 3 Resistance Baseline/on treatment LOH

Patient 4 Non responder Baseline/on treatment LOH

Patient 5 Non responder Baseline/on treatment LOH

29.4% of 
patients 

within our 
cohort have 

abnormalities 
in B2M

Sade-Feldman, et al. 
Nat Commun. 2017

Can we detect additional B2M alterations in our cohort?



20/69 non-responders

4/36 responders

B2M LOH found in: Odds ratio 3.2
p = 0.03

Complete loss of B2M in: 6/69 non-responders

0/36 responders

28.9% of NR patients have abnormalities in B2M
Sade-Feldman, et al. 
Nat Commun. 2017



5/17 non-responders

2/21 responders

B2M LOH found in: Odds ratio 3.6
p = 0.2

29.4% of NR patients have abnormalities in B2M

No B2M nucleotide mutations found

Cohort % of B2M aberrations in NR % of B2M aberrations in R

MGH- 17 patients (49 samples) 29.4 0

Van Allen- 105 patients 28.9 11.1  (only LOH)

Hugo- 38 patients 29.4 9.5 (only LOH)

Sade-Feldman, et al. 
Nat Commun. 2017



Sade-Feldman, et al. 
Nat Commun. 2017

B2M LOH is significantly associated with 
lower overall survival



• B2M aberrations, including loss of function mutations and deletions, 
are associated with acquired resistance to immune checkpoint 
inhibitors

• B2M LOH in pretreatment samples is associated with poorer response 
rates, PFS, and OS with ipilimumab and anti-PD1 agents

Summary



Liu, et al. ASCO 2018; Manuscript in preparation

21 biopsies taken over three years, including two from late recurrences 
in small bowel (d. 1028) and brain (d. 1169); WES, IHC, IF, RNA 

sequencing performed on all samples

The case of a remarkable responder



Liu, et al. ASCO 2018; Manuscript in preparation

The most persistent clone is the only one with 15q 
deletion, associated with B2M loss and HLA loss



• B2M aberrations, including loss of function mutations and deletions, 
are associated with acquired resistance to immune checkpoint 
inhibitors

• B2M LOH in pretreatment samples is associated with poorer response 
rates, PFS, and OS with ipilimumab and anti-PD1 agents

• In an analysis of longitudinal samples categorizing clonal evolution 
over 3+ years, the most persistent clones in a patient otherwise with 
long-term disease control from ICI contained 15q deletion (B2M loss) 
leading to HLA loss

Summary (cont.)



2014 2015 2016 2017 20182011

Nivolumab

PembrolizumabIpilimumab

Anti-CTLA4 Anti-PD-1 Anti-PD-L1

Atezolizumab

Avelumab

Durvalumab

Melanoma
NSCLC
Renal Cell Carcinoma
Urothelial Bladder Cancer
Hodgkin Lymphoma
Head and Neck Squamous Cell Carcinoma
Merkel Cell Carcinoma
MSI Cancers
Gastric Cancer 
Hepatocellular Carcinoma

Year Drugs Approvals Disease
indications

2011 1 1 1

2014 2 2 1

2015 3 4 3

2016 3 5 4

2017 4 9 6

2018 4 3 3

Adjuvant

Ipi/nivo

We are definitively in the immune checkpoint inhibitor era…

1. More effective therapies (combinations)
2. Better predictive biomarkers of benefit
3. Improve our understanding of mechanisms of 

therapeutic resistance

…yet unmet needs exist

NSCLC

Melanoma

nsqNSCLC Colorectal

Pancreas

Hepatic

HNC

GBM

Hematological

Lymphomas

RenalProstate

Ovarian

Cervical

Merkel

Sarcoma

Advanced 

Malignancies

Pembro
+ Azacitidine

Pembro+Ziv-aflibercept

Pembro+Tamoxifen

Nivo+Ipi

Nivo+Ipi

Nivo+ablation
Nivo+galunisertib

Nivo+SunitinibNivo+ INCB24360 

Nivo
+ Ipi

durva+treme
Durva+ADXS11-001

Durva+ADXS11-001

Durva+MEDI6469

Pembro+
ACP-196

Pidilizumab +
Provenge+

Cyclo

Pidilizumab +DC vaccine

Atezo+chemo+bevacizumab

Atezo+chemo

Atezol+ lenalidomide

durva+treme
avelumab+doxcetaxl

Bladder

Nivo+ Ipi

Pembro+
Lenvatinib

Atezo+Azacitidine

durva+treme

Atezo+SOC chemo

Pembro+Ublituximab
+TGR-1202

PD-1 Pathway
Combo

Pembro+PV-10

Nivo+erlotonib

Nivo+brentuximab vedotin

Durva+Ramucirumab

Phase I

Phase II

Phase III

Nivo+ class I peptides
+ ISA 51 VG+ipi

Pembro+
Peg-IFNa-2b

Atezo + Vemurafenib
Nivo+Trametinib+Dabrafenib

Pembro+
Cavatak
Nivo+FP008

Durva+Trametnib+Debrafenib

Nivo + ipi +
Sargromstim

Nivo+Ceritinib

Durva+Treme+IMCgp100
Nivo+ Ipili

+ Trametinib + 

Dabrafenib
Nivo+Ipi

Pembro+Trametinib+Dabrafenib

Nivo+ALT803

Pembro
+INCB024360

Nivo+crizotonibPembro+crizotonib

Pembro
(Keynote-021)

Atezo+INCB024360
Nivo+INC280

Durva+Selected Small Molecules
Pembro+Carboplatin/Nab-Paclitaxel 

Atezo+radiation
Nivo+FP008

Durva+  
Ramucirumab

Nivo+Nab-Paclitaxel
+ Gemcitabine

NivoCheckmate012

Durva+AZD9291

Atezol
+ erlotinib

Nivo + 
FP008 Durva+

Ramucirumab
Nivo+ Nab-Paclitaxel + Gemcitabine

Durva+treme+radiation
Nivo+FP008

Pidilizumab
+Gemcitabine

Pembro+ 
Neoadjuvant Chemoradiation

Nivo+GVAX
Nivo+GVAX+CRS-207

Nivo+Galunisertib
Nivo+FP008

Pembro+ radiation

Durva+treme
Pembro+ Bevacizumab 

Nivo+FP008

Nivo+DC vaccines

Nivo+Temozolomide

Atezo
+ Obinutuzumab+Lenalidomide

Pembro+chemotherapy

Pembro
+ ACP-196

Nivo+
Ipi

Atezo+
Bevacizumab

Pembro+
Bevacizumab

Pembro
(Keynote-29)

Pidilizumab + DC vaccine

Durva+MEDI6469

Durva+AZACITIDINE
Pidilizumab + LenalidomideNivo+5-azacytidine

Nivo+Imbrutinib

Pembro+Pomalidomide

Nivo+Dasatinib
Nivo+Urelumab

Nivo+
Ipi or lirilumab

Avelumab
+ Axitinib

Nivo Checkmate016
Pembro+Axitinib

Durva+ 
Treme

+SOC 

Pembro+ 
pTVG-HP Plasmid

DNA Vaccine

Pembro+vaccine
Pembro+ADXS31-142 

Pembro
+ACP-196

Durva+
AZD4547

Durva+MEDI9447
Atezo+GDC-0919

Atezo+ipi
Atezo+RO6895882

Atezo+IFNalpha
Atezo+emactuzumab

Nivo+ABBV-399

Durva+ 
MEDI0680

Nivo+lirilumab
Nivo

+ anti-LAG3

Pembro+MK-4166

Pembro+PF-05082566
Durva+treme+Mogamulizumab

Avelumab + PF-05082566
Atezo+RO7009789

Pembro+Hypofractionated Radiotherapy

Breast
Pembro+GSK3174998 

Pembro+Stereotactic Ablation
PDR001
+ LAG25

Pembro+Cetuximab
durva+INCB024360Nivo+ 

Nab-Paclitaxel

+Gemcitabine

Pembro+eribulin
mesylate

Durva+treme

Atezo+ Nab-Paclitaxel

Atezo+chemo

Nivo+varilumab

Pembro
+ACP-196

Durva+ Olaparib

Pembro+chemo

Durva+Motolomid+doxyrubicin

Avelumab +Crizotinib

Avelumab +Doxyrubicin

Durva+ nab-
paclitaxel

+ gemcitabine

Avelumab +AZD5069 

Pembro+chemotherapy

Nivo+HAM
Pembro + HAM

Avelumab + 

radiation +

IFNB

+MCPyV

TAg-specific

Polyclonal

Autologous

CD8-positive 

T Cells

Pembro +GR-MD-02

Pembro+Birinapant

Lirilumab+ Nivolumab+5-azacytidine

Checkmate-401

Nivo+BMS-986156

Nivo+surg+chemo

Atezo+ sterotactic radiation

Nivolumab

+ Ipilimumab
Nivo+Radiation

Nivo+ IFNg

Nivo+ipi

Atezo+CMB305  

Durva+ 
AZD1775

Durva+Pomalamide
+ Dexamethasone

Pembro+IL-2+ ACT

Pembro+RESOLYN
Nivo+Ipi+ACY 241 

Nivo+ipi+LGX818MEK162

Pembro+Vorinostat

Pembro+IPI-549

Pembro+Axitinib

Nivolo+Vigil

Ipi+IMO-2125 

durva+treme+Poly(ICLC)

durva+treme+Poly(ICLC)

durva+treme+Poly(ICLC)

durva+treme+Poly(ICLC)

durva+
treme+

Poly(ICLC)

durva+
treme+Poly(ICLC)

durva+treme
+Poly(ICLC)

Durva+Treme+HF radiation

Durva+Treme+HF radiation

Durva+Treme
+HF radiation Pembro+ adjuvant cisplatin + radiation

Pembro+INCB039110
+INCB050465

Pembro+INCB039110
+INCB050465 

Pembro+INCB039110
+INCB050465

Pembro+Cyclophosphamide+GVAX+SBRT

Pembro+ Doxyrubicin
and/or anti-estrogen therapydurva+Trastuzumab

Nivo+ACT+ 
Urelumab

Atezo+RO6958688 

Pembro+CTL019

Nivo+Urelumab

Urelumab+BMS-986016

Nivo
+BMS-986205

Nivo+Ipi+
laser beam

radoitherapy

Nivo+Ipi

Atezo+bevacizumab+ 
aspirin

durva+treme+
paclitaxel + carboplatin

durva+treme+
paclitaxel + carboplatin

SCLC

durva+ 
Treme+

carboplatin + 
etoposide

durva+treme+gemcitabine+ carboplatin
durva+treme+
nab-paclitaxel + carboplatin 

Pembro+CDX-1401
+PolyICLC

Pembro+CDX-1401
+PolyICLC

Pembro+CDX-1401
+PolyICLC

Pembro
+CDX-

1401
+PolyICLC

Pembro+CDX-1401
+PolyICLC

PDR001
+ MGB453

CRI Venture Fund
Landscape

Pembro
+ AFM13

Nivo+ Radiation +
Temozolomide

Durva+Bavituximab

Durva+IPH2201

Pembro+bevacizumab

Pembro+bevacizuma

b

Nivo+Ipi
+post 

ASCT

Durva+Taxane-anthracycline Chemo

Pembro+INCB039110+
INCB050465

Pembro+INCB039110+INCB050465

Pembro+dinaciclib

Pembro+
Margetuximab

Nivo+Ipi+
radiation

nivo+Mogamulizumab

durva+ 
Treme+

radiation

Pembro+GMCSF

durva+JCAR014

Pembro after
Frontline chemo

Atezo+entinostat

Pembro
+ cetuximab

Pembro
+ AMG 820 Nivo+HBI-8000 

Nivo+HBI-8000 

Nivo+HBI-8000 

Pembro+
Indoximod Nivo+

Indoximod

Atezo
+ bevacizumab

+chemo

Atezo
+ bevacizumab

+chemo

Atezo
+ bevacizumab

+chemo

Avelumab+carbo/tax

Durva+LY3022855

Pembro
+EphB4

-HSA 

Pembro+ doxcetaxel

Nivo+Elotuzumab
Pomalidamide

Dex

Nivo+Ipi+TAK-580
TAK-202

Vedolizumab

durva+paclitaxel
+carboplatin

durva+Vigil

Pembro+GSK3359609 

Nivo+Ipi
After Nivo progression

Atezo
+ Obinutuzumab+

Polatuzumab Vedotin

durva+Lenalidomide+Rituximab

durva+ibrutinib

durva+
Bendamustine+

Rituximab

durva+
Bendamustine+

Rituximab

Nivo+Ipi
Nivo+WT1vaccine

Pembro+Ipi

Atezo
+ carbo+

etoposide

Durva+AZD4635

Durva+LY2510924

Pembro+
CVA21

PDR001+GWN323

PDR001
+GWN323

Pembro+IL-2

Nivo+BMS-936558

Nivo+dasatinib

AMP-224
+SBRT

Nivo+BMS-986179

Nivo+chemo
Nivo+desatinib

Nivo+BMS-986016

durva+ 
Treme+

Folfox+ 
bevacizumab

Pembro+
epacadostat

Pembro+carbo
+gemcitibine

Nivo+PT2385

durva+
treme+

Pembro
+ ACT

Pembro+nabpax

Nivo+chemo
+XRT

Atezo
+ BCG

Nivo+XRT
+chemo

Nivo+CB-839

Nivo+CB-839

Nivo+CB-839

Pembro+cyclo

durva+
treme+

Nivo+
LAG3

Nivo
+vaccine+

NYESO1 ACT

Ipi+nivo

Nivo+XRT

Durva+
treme

Durva+Avastin Durva+Treme

Atezo+Cobimetinib

Atezo+Cobimetinib

Atezo
+ carbo+

etoposide

Atezo+MTIG7192A

Atezo
+ gem/carbo

Durva+Avastin

Durva+ 
Mocetinostat

Durva+Pomalamide
+ Dexamethasone+Dara

durva+
azacitidine

durva+
azacitidine

durva+
azacitidine

Pembro+Vemurafenib

Pembro+
lenvatinib

Pembro+imatinib

Atezo
+ R-223-D

Nivo+
XRT

Nivo+
Decitabine/Tetrahydrouridine i

Nivo+cyclo+XRT

Nivo+plinabulin

TSR-022+TSR-042

durva+bev

Nivo+desatnib

PDR001
+INC280

PDR001
+IMCS110

PDR001
+IMCS110

PDR001
+IMCS110

Pembro+chemoradiation

Pembro+TILs

Pembro+AM0010

Pembro+AM0010

Pembro+
AM0010

Pembro+AM0010

Pembro+AM0010

Pembro+AM0010

Pembro+AM0010

Pembro+
Indoximod

Pembro+Abemaciclib

Pembro+ LV305

Pem
bro

+CM
-2

4

Pembro+CM-24

Pembro+CM-24

Pembro+CM-24

Pembro
+CM-24

pembro
+ BCG

pembro
+post 

ASCT

Pembro+ Idelalisib

Pembro+Ibrutinib

Pembro+chemoradiaton

Pembro+INCB054828 

Pembro+
INCB054828 

Pembro+INCB054828 

Pembro+INCB054828 

Pembro+afatinib

Pembro+selexnor

Pembro+XBRT Pembro+azacitidine+
Romidepsin

Pembro+pIL12

Pembro
+taxol

BGB-A317+BGB-290
BGB-A317+BGB-317

The future will be all about identifying the 
right patient for the right combination

Concluding Thoughts


