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Kidney Cancer: Epidemiology

• U.S. New cases/deaths* 80,476/17,600

• % of all cancers/ deaths 2.5% / 2%

• Male predominance 3:2

• Median age ~60

• Smoking and obesity are known risk factors

• Incidental findings increasing

• Stage: local 60-70%

regional 5-10%

metastatic 15-20%

40% will eventually develop Stage IV disease

*American Cancer Society, 2019



BHD=Birt-Hogg-Dubé, FH=fumarate hydratase, VHL=von Hippel-Lindau.

Modified from Linehan WM et al. J Urol. 2003;170:2163-2172. 

Not all Kidney Cancer is the same

RCC

Clear 

75% 

Type

Incidence (%)

Associated 
mutations

VHL

Papillary type 1

5%

c-Met

Papillary type 2 

10%

FH

Chromophobe

5%

BHD

Oncocytoma

5%

BHD



Cabozantinibib

Lenvatinib+ Everolimus



Proof of Principle:
Remission is Possible

Atkins et al. J Clin Oncol. 1999



High dose Interleukin-2 (IL-2) can induce durable 
responses
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Duration of Response in Months

Median – 23.3 months

Durable Responders  = 17/120 (14%) 
Range = 6 - 41+ months

Including “poor” risk patients

• 15-20% Objective response rate, 5-7% durable CRs

• Significant toxicity: better selection criteria imperative



CTLA-4 and PD-1 Checkpoint Blockade

June et.al , Nature Med, 2017



Immune Checkpoint Blockade: 
Discovery to Translation

Inhibit T cell response

Anti-CTLA-4 mAbs

B7/CTLA-4 biology 1993

First-into-human trial 2000

Combination with
cancer vaccines 

2008

Immune
response criteria 

2009

Pivotal Phase III study 2010

Durability of response 2013

Anti-PD-1/PD-L1 mAbs

Pathway identification and 
biology 

2000 -

Clinical testing in
over 30 tumor types 

2012 -

Combination therapies 2013 -
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McDermott et al, JCO 2015



Blocking CTLA-4 and PD-1
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Rationale for Ipilimumab plus Nivolumab in Advanced RCC







PD-1 + CTLA-4 Blockade (CM-214)

Overall Survival: IMDC intermediate/poor risk
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Endpoints+: ORR, CRs, OS, QOL

Pending: Durable OS,TFS







Summary and conclusions

• In IMDC intermediate/poor risk treatment-naïve aRCC, CheckMate 214 demonstrated 

– Significantly improved ORR with NIVO + IPI versus SUN 

– 9.4% complete response rate 

– Durable responses, with median duration of response not reached

– Median PFS improvement of >3 months with NIVO + IPI versus SUN 

– Significant OS benefit with NIVO + IPI versus SUN

– Median OS: not reached (NIVO + IPI) and 26.0 months (SUN); HR 0.63; 

P = 0.00003

• Exploratory analysis of patients with tumor PD-L1 ≥1% demonstrated a higher ORR and improved PFS with NIVO + IPI 

versus SUN



Summary and conclusions

• The safety profile of NIVO + IPI was manageable and consistent with previous studies

– More high-grade treatment-related adverse events were observed with SUN, although more patients had treatment-

related adverse events leading to treatment discontinuation with NIVO + IPI

– Patients in the NIVO + IPI arm experienced greater symptomatic improvement versus SUN

– Throughout the course of the study, patients in the NIVO +IPI arm reported better symptom control relative to those 

in the SUN arm 

• These results suggest that NIVO + IPI is a potential first-line treatment option for patients with aRCC, with intermediate 

or poor IMDC risk, especially in those with PD-L1 expression ≥1% 



Rationale for Combination of Immune Checkpoint Inhibitor and Anti-Angiogenesis
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Combining VEGF and PD-1 Blockade
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PD-L1, programmed death-ligand 1; VEGF, vascular endothelial growth factor. 

Finke, Clin Cancer Res. 2008; McDermott, J Clin Oncol. 2016; Wallin. Nat Commun. 2016.

Shifting the Balance Toward Anti-Cancer Immunity 

With Combined VEGF/PD-L1 Blockade

Anti-PD-1/PD-L1

Anti-PD-1/PD-L1

Anti-Cancer Immunity

mTKI

McDermott D, et al. IMmotion150 biomarkers: AACR 2017
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PD-L1, programmed death-ligand 1; VEGF, vascular endothelial growth factor. 

Finke, Clin Cancer Res. 2008; McDermott, J Clin Oncol. 2016; Wallin. Nat Commun. 2016.

Shifting the Balance Toward Anti-Cancer Immunity 

With Combined VEGF/PD-L1 Blockade

Anti-PD-1/PD-L1

Atezolizumab

Bevacizumab
Sunitinib

Anti-Cancer Immunity

McDermott D, et al. IMmotion150 biomarkers: AACR 2017



Rationale for Combining Atezolizumab + Bevacizumab

Presented By Robert Motzer at 2018 Genitourinary Cancers Symposium: Translating Evidence to Multidisciplinary Care



 IMmotion150 was designed to be hypothesis generating and inform the Phase III study IMmotion151

 Coprimary endpoints were PFS (RECIST v1.1 by IRF) in ITT patients and patients with ≥ 1% of IC expressing PD-L1

 Exploratory endpoints included interrogation of the association between outcome and TME gene signatures 

IC, tumor-infiltrating immune cells; IRF, independent review facility; ITT, intention-to-treat; TME, tumor microenvironment. 
a Crossover from atezolizumab monotherapy not allowed in Europe. 

McDermott, JCO 2016; McDermott, ASCO GU 2017. 

IMmotion150 (Phase II) Trial Design

Crossover 

treatment 

permitteda

First-Line Treatment

Treatment naive, 
locally advanced 

or metastatic 
RCC

N = 305

R 

1:1:1

Atezolizumab 
+ bevacizumab

Atezolizumab 
+ bevacizumab

PD

Atezolizumab 1200 mg IV 
+ bevacizumab 15 mg/kg q3w

Sunitinib 50 mg (4 wk on, 2 wk
off)

Atezolizumab 1200 mg IV q3w
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 Responses were observed in both patients with tumors 

expressing < 1% PD-L1 on IC and ≥ 1% PD-L1 on IC

Atezo, atezolizumab; bev, bevacizumab. IRF-assessed PFS. 

McDermott, ASCO GU 2017.

Encouraging Efficacy by PFS of Atezolizumab + Bevacizumab 

vs Sunitinib in Patients With IC PD-L1 Expression

Stratified HR (95% CI) 

ITT ≥ 1% PD-L1 IC ≥ 5% PD-L1 IC

Atezo + bev

vs sunitinib

1.00

(0.69, 1.45)

0.64 

(0.38, 1.08)

0.34 

(0.13, 0.91)

Atezo vs 

sunitinib

1.19

(0.82, 1.71)

1.03 

(0.63, 1.67)

0.64 

(0.27, 1.54)

Atezo + bev (n = 50) 

Atezo (n = 54)

Sunitinib (n = 60)

PFS in ≥ 1% PD-L1 IC

Atezo + bev (n = 101)

Atezo (n = 103)

Sunitinib (n = 101)

PFS in ITT

Atezo + bev (n = 17)

Atezo (n = 17)

Sunitinib (n = 17)

PFS in ≥ 5% PD-L1 IC

McDermott D, et al. IMmotion150 biomarkers: AACR 2017



IRF-assessed PFS. 

McDermott, ASCO GU 2017.

Encouraging Efficacy by PFS of Atezolizumab + Bevacizumab 

vs Sunitinib in Patients With IC PD-L1 Expression

Stratified HR (95% CI) 

ITT ≥ 1% PD-L1 IC ≥ 5% PD-L1 IC

Atezo + 

bev vs 

sunitinib

1.00

(0.69, 1.45)

0.64 

(0.38, 1.08)

0.34 

(0.13, 0.91)

Atezo vs 

sunitinib

1.19

(0.82, 1.71)

1.03 

(0.63, 1.67)

0.64 

(0.27, 1.54)

• Responses were observed in both patients with tumors 

expressing < 1% PD-L1 on IC and ≥ 1% PD-L1 on IC

Atezo + bev (n = 50) 

Atezo (n = 54)

Sunitinib (n = 60)

PFS in ≥ 1% PD-L1 IC

Atezo + bev (n = 101)

Atezo (n = 103)

Sunitinib (n = 101)

PFS in ITT

Atezo + bev (n = 17)

Atezo (n = 17)

Sunitinib (n = 17)

PFS in ≥ 5% PD-L1 IC

Stratified HR (95% CI) 

ITT ≥ 1% PD-L1 IC ≥ 5% PD-L1 IC

Atezo + bev

vs sunitinib

1.00

(0.69, 1.45)

0.64 

(0.38, 1.08)

0.34 

(0.13, 0.91)

Atezo vs sunitinib
1.19

(0.82, 1.71)

1.03 

(0.63, 1.67)

0.64 

(0.27, 1.54)
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016. 
a PD-L1 expression scored as IC3 (≥ 10%), IC2 (≥ 5% and < 10%), IC1 (≥ 1% and < 5%) or IC0 (< 1%).

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors

PD-L1 IHCa
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors

PD-L1 IHC
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors
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T-effector gene signature: CD8A, EOMES, PRF1, IFNG, CD274.

T-effector High: ≥ median expression, T-effector Low: < median expression.

Atezolizumab and Bevacizumab Demonstrated Improved PFS 

vs Sunitinib in the T-EffectorHigh Subset

Atezo + bev (n = 42)

Atezo (n = 46)

Sunitinib (n = 43)

T-effector High

Atezo +  bev (n = 46)

Atezo (n = 40)

Sunitinib (n = 46)

T-effector Low
Immune

HR (95% CI)

T-effector Low T-effector High

Atezo + bev vs sunitinib 1.41 (0.84, 2.36) 0.55 (0.32, 0.95)

Atezo vs sunitinib 1.33 (0.76, 2.33) 0.85 (0.50, 1.43)

41

McDermott D, et al. IMmotion150 biomarkers: AACR 2017



42

Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors
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Angiogenesis gene signature: VEGFA, KDR, ESM1, PECAM1, ANGPTL4, CD34.

Angiogenesis High: ≥ median expression, Angiogenesis Low: < median expression.

Atezolizumab + Bevacizumab Demonstrated Improved PFS 

vs Sunitinib in the AngiogenesisLow Subset 

Angiogenesis Low

Atezo + bev (n = 43)

Atezo (n = 44)

Sunitinib (n = 45)

Angiogenesis High

Atezo + bev (n = 45)

Atezo (n = 42)

Sunitinib (n = 44)

HR (95% CI)

Angiogenesis Low Angiogenesis High

Atezo + bev vs sunitinib 0.58 (0.35, 0.98) 1.36 (0.78, 2.36)

Atezo vs sunitinib 0.75 (0.45, 1.25) 1.45 (0.81, 2.60)

Angiogenesi

s

43
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; Fehrenbacher, Lancet 2016.

Transcriptome Map of Angiogenesis and Immune-Associated 

Genes in RCC Tumors
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T-effector Gene Signature: CD8A, EOMES, PRF1, IFNG, CD274. 

High: ≥ median expression, Low: < median expression.

Addition of Bevacizumab to Atezolizumab is Associated With 

Improved Benefit in T-effectorHigh/Myeloid InflammationHigh Subgroup

T-effectorHighMyeloidHigh

Atezo + bev (n = 20)

Atezo (n = 23)

Sunitinib (n = 24)

T-effectorHighMyeloidLow

Atezo + bev (n = 23)

Atezo (n = 23)

Sunitinib (n = 19)
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T-effector Gene Signature: CD8A, EOMES, PRF1, IFNG, CD274. 

High: ≥ median expression, Low: < median expression.

Addition of Bevacizumab to Atezolizumab is Associated With Improved Benefit in T-
effectorHigh/Myeloid InflammationHigh Subgroup

T-effectorHighMyeloidHigh

Atezo + bev (n = 20)

Atezo (n = 23)

Sunitinib (n = 24)

T-effectorHighMyeloidLow

Atezo + bev (n = 23)

Atezo (n = 23)

Sunitinib (n = 19)
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Atezo (n = 23)

Sunitinib (n = 24)



0%

10%

20%

30%

40%

50%

60%

47

Confirmed IRF-assessed ORR.

ORR Correlates With PFS in Gene Expression Subgroups
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Confirmed IRF-assessed ORR.

ORR Correlates With PFS in Gene Expression Subgroups
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Molecular Correlates of Differential Response to Atezolizumab 

± Bevacizumab vs Sunitinib in mRCC

McDermott D, et al. IMmotion150 biomarkers: AACR 2017
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Molecular Correlates of Differential Response to Atezolizumab 

± Bevacizumab vs Sunitinib in mRCC
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Molecular Correlates of Differential Response to Atezolizumab 

± Bevacizumab vs Sunitinib in mRCC
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Molecular Correlates of Differential Response to Atezolizumab 

± Bevacizumab vs Sunitinib in mRCC
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KEYNOTE-427: (NCT02853344)

Pembrolizumab

200 mg Q3W 

Cohort A

ccRCC

(N = 110)

Cohort B

Non-ccRCC

(N = 164) 

Response 

assessed at 

week 12 and 

Q6W thereafter 

until week 54, 

and Q12W 

thereafter

• Endpoints

• Primary: ORR per RECIST v1.1 (blinded 

independent central review)

• Secondary: DOR, DCR, PFS, OS, safety, 

and tolerability

• Exploratory: tissue based biomarkers (e.g. 

IHC, RNA sequencing)

Screen for 

eligibility

Patients

• Recurrent or 
advanced/metastatic 
clear cell or non-ccRCC

• Measurable disease 
per RECIST v1.1

• No prior systemic 
therapy

• Karnofsky performance 
status ≥70%

McDermott KN427

ASCO 2018



PD-1/PD-L1 Checkpoint Inhibitors in RCC

• PD-1/PD-L1–based combination regimens are being evaluated as first line RCC 
therapy

– Nivolumab + ipilimumab was recently approved by the FDA1,2 for the treatment of patients with 

IMDC intermediate- or poor risk, previously untreated advanced RCC (aRCC)

– Atezolizumab + bevacizumab met the primary end point of PFS in patients with PD-L1–positive 

tumors by investigator review3

– Pembrolizumab + axitinib, pembrolizumab + lenvatinib, avelumab + axitinib, and nivolumab + 

cabozantinib are being evaluated in phase 3 studies 

• Atezolizumab monotherapy displayed encouraging antitumor activity in 
treatment-naive patients in a randomized phase 2 study4

• Less is known about the activity of single-agent PD-1 blockade in treatment-
naive patients with clear cell RCC (ccRCC)

IMDC, International Metastatic RCC Database Consortium.

1. OPDIVO [prescribing information]. Princeton, NJ: Bristol-Myers Squibb; April 2018. 2. National Comprehensive Cancer Network. NCCN clinical practice guidelines in oncology 

(NCCN guidelines): kidney cancer (Version 4.2018). 2018. https://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf. Acc essed May 31, 2018. 3. Motzer RJ et al. J Clin Oncol.

36(6 suppl):578-578. 4. Atkins MB et al. J Clin Oncol. 2017;35(suppl):4505. 

McDermott KN427

ASCO 2018



Confirmed ORR by Blinded Independent 
Central Review

Database cutoff: March 12, 2018.

N = 110

n % 95% CI

ORR 42 38.2 29.1-47.9

DCR (CR + PR + SD ≥6 months) 65 59.1 49.3-68.4

Best overall response

CR 3 2.7

PR 39 35.5

SD 35 31.8

PD 31 28.2

No assessment 2 1.8

McDermott KN427

ASCO 2018



Maximum Change From Baseline in Target 
Lesions by Central Review

Includes patients who received ≥1 dose of pembrolizumab, had a baseline scan with measurable disease per RECIST v1.1, and had a postbaseline assessment (n = 108). 

Database cutoff: March 12, 2018.

• 74 of 110 (67.3%) 

patients experienced a 

reduction in tumor 

burden

• 16 of 110 patients 

(14.5%) experienced a 

tumor burden reduction 

≥80%

• 8 of 110 patients 

(7.3%) experienced 

100% tumor burden 
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Time to Response and Response 
Duration

Database cutoff: March 12, 2018.
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Time, months 

Time to last scan

CR
PR

PD

Time to last dose
Ongoing response

*

Continued response after last dose
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ORR by PD-L1 Expression

aDCR = CR + PR + SD ≥6 months. 

Database cutoff: March 12, 2018.

CPS ≥1

n = 46

CPS <1

n =53

Missing

n = 11

Confirmed ORR, % (95%CI)
50.0

(34.9-65.1)

26.4 

(15.3-40.3)

45.5

(16.7-76.6)

DCR, % (95%CI)a 67.4

(52.0-80.5)

49.1

(35.1-63.2)

72.7

(39.0-94.0)

Confirmed BOR, %

CR

PR

SD

PD

NA

6.5

43.5

26.1

23.9

0

0

26.4

35.8

34.0

3.8

0

45.5

36.4

18.2

0
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Progression-Free Survival and 
Overall Survival

Database cutoff: March 12, 2018.

Median PFS

8.7 months (95% CI, 6.7-12.2 months)

Median OS

NR (95% CI, NR)
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Adverse Events of Special Interesta

aBased on a list of terms specified by the sponsor and included regardless of attribution to study treatment or immune related ness by the investigator; related terms included.
bGrade 5 pneumonitis

Database cutoff: March 12, 2018.

n (%)

N = 110

Any Grade

≥2 Patients
Grade 3-5

Hypothyroidism 12 (10.9) 0 (0)

Hyperthyroidism 5 (4.5) 0 (0)

Pneumonitis 5 (4.5) 1 (0.9)b

Colitis 3 (2.7) 3 (2.7)

Hepatitis 2 (1.8) 2 (1.8)

Severe skin reaction 2 (1.8) 2 (1.8)

Myositis 2 (1.8) 1 (0.9)
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Conclusions

• Pembrolizumab has shown promising antitumor activity as monotherapy in first-line ccRCC 

across IMDC risk groups, with ORR 38%

– Encouraging activity was also observed in key subgroups, such as IMDC 

intermediate/poor risk (ORR, 42%) and patients with PD-L1–positive tumors (ORR, 50%)

– ORR of 32% in patients with IMDC favorable risk

• Safety profile in KEYNOTE-427 cohort A was similar to the previously described safety profile 

of pembrolizumab in other tumor types

• Cohort B of KEYNOTE-427, to explore the role of pembrolizumab monotherapy in non-ccRCC 

patients, is ongoing

• Results presented herein provide support for the exploration of pembrolizumab in the 

adjuvant setting (KEYNOTE-564 NCT03142334, currently enrolling) and will allow 

investigators to put the benefit of anti–PD-1–based combination therapies in better context

McDermott KN427

ASCO 2018



PBRM1 LOF and Response to anti-PD-1 immunotherapy



Biomarker Model

• All inter-related

• Some tumors may have a 

larger sweet spot

Mutational

Status

CD8 Density

PDL1 Expression

Histology 

IFNg signature

M Atkins with permission.



Biomarkers for Immune Checkpoint Inhibitors
Genetics: Overall Tumor Mutation Burden

Alexandrov et al, Nature 2013



Biomarkers for Immune Checkpoint Inhibitors
Genetics: Overall Tumor Mutation Burden

• Melanoma has the highest mutation rate of any cancer

Alexandrov et al, Nature 2013



Fraction of tumors with T cell-inflamed tumor microenvironment 
gene signature does not correlate with mutational load



Urothelial Cancer and  Immune Checkpoint Therapy 
with anti-PD-1/PD-L1

Overview with Significant Evolving Literature



First-line pembrolizumab in cisplatin-ineligible patients with advanced urothelial cancer 
(KEYNOTE-052): a multicenter, single-arm, phase 2 study



First-line pembrolizumab in cisplatin-ineligible patients with advanced urothelial cancer 
(KEYNOTE-052): a multicenter, single-arm, phase 2 study



Atezolizumab as first-line treatment in 
cisplatin-ineligible patients with advanced 

urothelial carcinoma: a single-arm, multicentre, 
phase 2 trial 



Atezolizumab versus chemotherapy in patients with platinum-treated locally advanced or metastatic urothelial
carcinoma (IMvigor211): a multicenter, open-label, phase 3 randomized controlled trial



Atezolizumab vs chemotherapy in pts. 
with urothelial cancer platinum-treated 
(IMvigor211): Multicenter, open-label, 

phase 3 randomised controlled trial

Intent-to-Treat patients enrolled  
with  all patient cohorts



Efficacy outcomes in patients with PDL-1 
expression on >5% tumor-infiltrating immune 

cells (IC2/3 population)

Atezolizumab vs chemotherapy in pts. 
with platinum-treated (IMvigor211): 

Multicenter, open-label, phase 3 
randomised controlled trial



Nivolumab in recurrent metastatic urothelial cancer 
(CheckMate 032): a multicenter, open-label trial



Nivolumab in recurrent metastatic urothelial cancer (CheckMate 032): 
a multicenter, open-label trial



Nivolumab in recurrent metastatic urothelial cancer 
(CheckMate 032): a multicenter, open-label trial

Overall Survival

Progression-Free Survival



Randomized phase III KEYNOTE-045 trial of pembrolizumab vs
chemotherapy in recurrent and advanced urothelial cancer: long term f/u



Randomized phase III KEYNOTE-045 trial of pembrolizumab vs
chemotherapy in recurrent and advanced urothelial cancer: long term f/u



Nivolumab in metastatic urothelial carcinoma after platinum therapy 
(CheckMate 275): a multicenter, single-arm, phase 2 trial 



Nivolumab in metastatic urothelial carcinoma after platinum therapy 
(CheckMate 275): a multicenter, single-arm, phase 2 trial 



Nivolumab in metastatic urothelial carcinoma after platinum therapy 
(CheckMate 275): a multicenter, single-arm, phase 2 trial 



Nivolumab in metastatic urothelial carcinoma after platinum therapy 
(CheckMate 275): a multicenter, single-arm, phase 2 trial 



Conclusions for Bladder Cancer and Immune Checkpoint Inhibitors 

• Nivolumab monotherapy provided meaningful clinical benefit, irrespective of PD-L1 
expression, and was associated with an acceptable safety profile in previously treated 
patients with metastatic or surgically unresectable urothelial carcinoma. 

• KEYNOTE-52 First-line pembrolizumab has antitumour activity and acceptable tolerability 
in cisplatin-ineligible untreated urothelial patients with urothelial cancer, most of whom 
were elderly, had poor prognostic factors, or had serious comorbidities.

• KEYNOTE-045 study of Pembrolizumab improved survival, safety, and quality-of-life 
compared with chemotherapy in recurrent Urothelial cancer

• Atezolizumab showed encouraging durable response rates, survival, and tolerability, 
supporting its therapeutic use in cis-platin ineligible untreated metastatic urothelial
cancer.

• Atezolizumab was not associated with significantly longer overall survival than 
chemotherapy in patientswith platinum-refractory metastatic urothelial carcinoma 
overexpressing PD-L1 (IC2/3). 





Why Does Mutational Load Matter?

DNA RNA PROTEIN

Class I MHCCD8+ T cell

Tumor cell

www.astrochemo.org, 
www2.chemistry.msu.edu, 
http://fineartamerica.com

Presented by: Alexandra Snyder, M.D.



Cancer exome–based                            identification of neoantigens.



Cancer mutations, neoantigens, and immunogenicity

Chen and Mellman, Nature 2017



Pan-cancer HNSCC Melanoma

Cristescu et al., Science 362, 197, 12 October 2018

• TMB: Tumor mutational burden measured by whole exome sequencing (WES)

• 18 gene T-cell inflamed gene expression profiling (GEP): CCL5, CD27, CD274 (PD-L1), CD276 (B7-H3), CD8A, CMKLR1, CXCL9, CXCR6, 

HLA-DQA1, HLA-DRB1, HLA-E, IDO1, LAG3, NKG7, PDCD1LG2 (PDL2), PSMB10, STAT1, and TIGIT, measured by RNASeq

How can this information help select patients for 
PD-1 blockade therapy?





Cold Tumor

Hot Tumor

Desert Tumor

Geography and Climate of the Tumor Microenvironment





Where are the best targets in RCC?

• One answer: the vHL Pathway

• Why?

• Tumor suppressor gene

• Commonly inactivated in clear cell RCC (70%) 

• Inactivation induces hypoxia-regulated genes

• Promoting angiogenesis and tumor growth



Study Design

Presented By Robert Motzer at 2018 Genitourinary Cancers Symposium: Translating Evidence to Multidisciplinary Care


