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Why to combine therapies?

• To enhance efficacy 

• To target key pathways in a characteristically synergistic or an additive 

manner 

• To reduce drug resistance

• Combination Chemotherapy – Medicine’s Attempt to Beat Darwin



Tuberculosis: a classic example



Luz

Repouso

Alimentação

Ar seco dos climas altos



Francisque Crotte treating a patient with TB using electricity

“Le Petit Journal”, Paris, 1901



Theodore Tuffier: Surgical treatment for TB



1944



Improving the effectiveness of the treatment of tuberculosis

• 1952: Isoniazid, Pyrazinamide

• 1970: Rifampicin

• 2010: Ethambutol

The main reason for the improved effectiveness of combination therapy is 
prevention of the emergence of resistance to individual drugs
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The emergence of resistance to multiple antimicrobial agents in pathogenic 
bacteria has become a significant global public health threat



The life cycle of HIV (6 steps): 
(1) entry (binding and fusion) 
(2) reverse transcription
(3) Integration
(4) replication (transcription and translation)
(5) Assembly
(6) budding and maturation.
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Treatment of cancer may represent the field where 

combination strategies surely play a crucial role

But this is only the beginning!





Testicular Cancer: cure in ~ 95% of all patients 





Clear Cell RCC: VHL Gene Mutation



N. Engl J Med, Sep 2015



Ways to keeping the T-Cells “Active”

Mellmann et al. Nature, 2011



How can we further enhance responses?
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CheckMate 214: Study design

IMDC, International Metastatic RCC Database Consortium; KPS, Karnofsky performance status; Q2W, every 2 weeks; Q3W, every 3 weeks

Treatment until 

progression or 

unacceptable 

toxicity

• Treatment-naïve 

advanced or 

metastatic clear-cell 

RCC

• Measurable disease

• KPS ≥70%

• Tumor tissue 

available for PD-L1 

testing

TreatmentPatients

Randomize 1:1

Arm A

3 mg/kg nivolumab IV + 

1 mg/kg ipilimumab IV Q3W 

for four doses, then 

3 mg/kg nivolumab IV Q2W

Arm B

50 mg sunitinib orally once 

daily for 4 weeks 

(6-week cycles)

Stratified by 

• IMDC prognostic score 

(0 vs 1–2 vs 3–6)

•Region (US vs 

Canada/Europe vs 
Rest of World)



• In IMDC intermediate- and poor-risk patients

– ORR (per independent radiology review committee, IRRC)

– PFS (per IRRC)

– OS

• Statistical analyses 

– Overall alpha is 0.05, split among the three co-primary endpoints 

– 0.001 for ORR, 0.009 for PFS, and 0.04 for OS

– PFS analysis had 80% power and OS analysis had 90% power to detect a statistically 

significant difference between treatment arms

Co-primary endpoints
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• Secondary endpoints (in intention-to-treat [ITT] patients)

– ORR

– PFS

– OS

– Adverse event incidence rate (in all treated patients)

• Secondary efficacy endpoints were subject to hierarchical testing, first testing in 
intermediate/poor-risk patients followed by testing in ITT patients, if significant

• Exploratory endpoints 

– ORR, PFS, and OS in favorable-risk patients 

– Outcomes by tumor PD-L1 expression level

– Health-related quality of life based on NCCN Functional Assessment of Cancer Therapy-
Kidney Symptom Index (FKSI-19)

Secondary and exploratory endpoints

Escudier B. ESMO 2017



Baseline characteristics
IMDC intermediate/poor risk Intention to treat

Characteristic
NIVO + IPI

N = 425

SUN

N = 422

NIVO + IPI

N = 550

SUN

N = 546

Median age, years 62 61 61 61

Male, % 74 71 75 72

IMDC prognostic score (IVRS), %

Favorable (0)

Intermediate (1–2)

Poor (3–6)

0

79

21

0

79

21

22

59

19

20

62

18

Region (IVRS), %

USA

Canada/Europe

Rest of the world

26

35

39

26

35

39

28

37

35

28

36

36

Quantifiable tumor PD-L1 expression, %

<1% 

≥1%

n = 384

74

26

n = 392

71

29

n = 499

77

23

n = 503

75

25

• Baseline characteristics in favorable-risk patients were similar, except tumor PD-L1 

expression was lower than the intermediate/poor-risk patients and ITT population 
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Baseline disease characteristics
IMDC intermediate/poor risk Intention to treat

Characteristic
NIVO + IPI

N = 425

SUN

N = 422

NIVO + IPI

N = 550

SUN

N = 546

No. of sites with ≥1 target/non-target 

lesion

1

≥2

21

79

20

80

22

78

22

78

Site of metastasis, %

Lung

Lymph node 

Liver

Bone

69

45

31

20

70

51

21

21

69

45

18

18

68

49

20

19
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Co-primary endpoint
ORR: IMDC intermediate/poor risk

N = 847

Outcome
NIVO + IPI

N = 425

SUN

N = 422

Confirmed ORR,a % (95% CI) 42 (37–47) 27 (22–31)

P < 0.0001

Confirmed BOR,a %

Complete response

Partial response

Stable disease

Progressive disease

Unable to determine/not reported

9b

32

31

20

8

1b

25

45

17

12

Duration of response, median 

(95% CI), months

Not reached

(21.8–NE)

18.2 

(14.8–NE)

Patients with ongoing response, % 72 63

aIRRC-assessed ORR and BOR by RECIST v1.1; bP < 0.0001

• Median follow-up was 25.2 months
Escudier B. ESMO 2017



0 3 6 9 12 15 18 21 24 27 30

Co-primary endpoint

PFS per IRRC: IMDC intermediate/poor risk

Hazard ratio (99.1% CI), 0.82 (0.64–1.05)

P = 0.0331

Median PFS, months (95% CI)

NIVO + IPI 11.6 (8.7–15.5)

SUN 8.4 (7.0–10.8)
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Co-primary endpoint

OS: IMDC intermediate/poor risk

Hazard ratio (99.8% CI), 0.63 (0.44–0.89)

P = 0.00003

Median OS, months (95% CI)

NIVO + IPI NR (28.2–NE)

SUN 26.0 (22.1–NE)
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Secondary endpoint
ORR, PFS, and OS: Intention to treat 

a23% of patients in the NIVO + IPI arm and 25% of patients in the SUN arm had 

tumor PD-L1 expression ≥1%
bIRRC-assessed by RECIST v1.1
cIRRC-assessed

N = 1,096a

Outcome
NIVO + IPI

N = 550

SUN

N = 546

Confirmed ORR,b % (95% 

CI)
39 (35–43) 32 (28–36)

P = 0.0191

PFS,c median (95% CI), 

months
12.4 (9.9–16.5) 12.3 (9.8–15.2)

HR (99.1% CI) 0.98 (0.79–1.23)
P = 0.8498

OS, median (95% CI), 

months
NR (NE–NE) 32.9 (NE–NE)

HR (99.8% CI) 0.68 (0.49–0.95)

P = 0.00028

550 523 492 464 443 426 404 339 197 71 4 0

546 506 471 432 402 363 334 283 173 66 6 0
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Exploratory endpoint
ORR and PFS: IMDC favorable risk 

a11% of patients in both arms had tumor PD-L1 expression ≥1%
bIRRC-assessed by RECIST v1.1
cIRRC-assessed

N = 249a

Outcome

NIVO + IPI

N = 125

SUN

N = 124

Confirmed ORR,b % (95% CI) 29 (21–38) 52 (43–61)

P = 0.0002

PFS,c median (95% CI), months 15.3 (9.7–20.3) 25.1 (20.9–NE)

HR (99.1% CI) 2.18 (1.29–3.68)

P < 0.0001
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284 202 155 119 102 90 70 23 9 1 0

278 200 138 105 83 67 43 25 11 1 0

Exploratory endpoint
PFS by PD-L1 expression: IMDC intermediate/poor risk

PD-L1 <1% (n = 562) PD-L1 ≥1% (n = 214)

HR (95% CI) 0.48 (0.28–0.82)

P = 0.0003

Median PFS, months (95% CI)

NIVO + IPI 22.8 (9.4–NE)

SUN 5.9 (4.4–7.1)

HR (95% CI) 1.00 (0.74–1.36)

P = 0.9670

Median PFS, months (95% CI)

NIVO + IPI 11.0 (8.1–14.9)

SUN 10.4 (7.5–13.8)

NIVO

SUN

No. at 
Risk

100 77 61 54 50 48 41 21 8 2 0

114 63 40 24 17 13 9 4 0 0 3
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OS by tumor PD-L1 expression:
IMDC intermediate/poor risk

PD-L1 <1% (n = 562) PD-L1 ≥1% (n = 214)
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284 251 223 200 76 0

278 239 198 157 61 1

100 87 83 76 33 2

114 90 72 55 21 2

NIVO + 
IPI

SUN

No. at Risk

Motzer et al SITC 2017

HR (95% CI), 0.73 (0.56–0.96)

P = 0.0249

Median OS (95% CI), months

NIVO + IPI NR (28.2–NE)

SUN NR (24.0–NE)

HR (95% CI), 0.45 (0.29–0.71)

P <0.001

Median OS (95% CI), months

NIVO + IPI NR (NE–NE)

SUN 19.6 (14.8–NE)
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Efficacy by baseline PD-L1 expression: 
IMDC intermediate/poor risk

40

Subgroup
NIVO + IPI

No. of patients
SUN

No. of patients
ORR difference 

(95% CI)
P value

ORR
Baseline PD-L1 expression

≥1%
<1%

100
284

114
278

< 0.0001
0.0252

Hazard ratio
(95% CI)

PFS
Baseline PD-L1 expression

≥1%
<1%
Not reported

100
284
41

114
278
30

0.0003
0.9670

NA

OS
Baseline PD-L1 expression

≥1%
<1%
Not reported

100
284
41

114
278
30

<0.001
0.0249

NA

Favors NIVO + IPI Favors SUN

0 1 2

-50 0 50

Favors NIVO + IPIFavors SUN

Motzer et al SITC 2017



Treatment-related adverse events: All treated patients
NIVO + IPI

N = 547

SUN

N = 535

Event, % Any grade Grade 3–5 Any grade Grade 3–5a

Treatment-related adverse events in ≥25% of patients 93 46 97 63

Fatigue 37 4 49 9

Pruritus 28 <1 9 0

Diarrhea 27 4 52 5

Nausea 20 2 38 1

Hypothyroidism 16 <1 25 <1

Decreased appetite 14 1 25 1

Dysgeusia 6 0 33 <1

Stomatitis 4 0 28 3

Hypertension 2 <1 40 16

Mucosal inflammation 2 0 28 3

Palmar-plantar erythrodysesthesia syndrome 1 0 43 9

Treatment-related AEs leading to discontinuation, % 22 15 12 7

Treatment-related deaths n = 7b n = 4c

aTwo patients had grade 5 cardiac arrest. bPneumonitis, immune mediated bronchitis, lower GI hemorrhage, hemophagocytic syndrome, sudden death, liver 

toxicity, lung infection. cCardiac arrest (n = 2), heart failure, multiple organ failure
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Immune-mediated adverse events: All treated patients
NIVO + IPI

N = 547

Category, % Any grade Grade 3–4
Rash 17 3

Diarrhea/colitis 10 5

Hepatitis 7 6

Nephritis and renal dysfunction 5 2

Pneumonitis 4 2

Hypersensitivity/infusion reaction 1 0

Hypothyroidism 19 <1

Hyperthyroidism 12 <1

Adrenal insufficiency 8 3

Hypophysitis 5 3

Thyroiditis 3 <1

Diabetes mellitus 3 1

Escudier B. ESMO 2017

• 60% of patients treated with NIVO + IPI required systemic corticosteroids for an adverse event

• Secondary immunosuppression with infliximab (3%) and mycophenolic acid (1%) was reported
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Patient-reported kidney cancer symptom index:
IMDC intermediate/poor risk

W
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425 347 281 239 212 180 166 152 143 139 125 108 76 44

422 371 284 221 184 147 127 113 104 93 80 64 43 26

No. at Risk

NIVO + IPI

SUN

NIVO + IPI
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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% 



Toxicity may represent one limitation…



How can we further enhance responses?



Transcriptome Map of Angiogenesis and Immune-Associated 
Genes in RCC Tumors

Brauer, Clin Cancer Res. 2012; 

Herbst, Nature 2014; Powles, SITC

2015; Fehrenbacher, Lancet 2016.
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Sunitinib Demonstrated Improved PFS in AngiogenesisHigh

Subset vs AngiogenesisLow Subset 

• Angiogenesis gene signature: VEGFA, KDR, ESM1, PECAM1, ANGPTL4, CD34.

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

Sunitinib

HR 95% CI

Angiogenesis

(High vs Low)
0.31 (0.18, 0.55)

Atezolizumab + Bevacizumab

HR 95% CI

Angiogenesis

(High vs Low)
0.90 (0.54, 1.51)

Atezolizumab

HR 95% CI

Angiogenesis

(High vs Low)
0.74 (0.42, 1.28)

High (n = 44)

Low (n = 45)

Sunitinib

High (n = 45) 

Low (n = 43)

Atezolizumab + 

Bevacizumab
High (n = 42)

Low (n = 44)

Atezolizumab

AACR 2017



Key Eligibility:

• Treatment-naive advanced 

or metastatic RCC 

• Clear cell and/or 

sarcomatoid histology

• KPS ≥ 70

• Tumor tissue available for 

PD-L1 staining

R 

1:1

Atezolizumab 1200 mg IV q3wb 

+

Bevacizumab 15 mg/kg IV q3wb

Sunitinib 50 mg/day orally 
(4 wk on, 2 wk off)

N = 915

Stratification:

•MSKCC risk score

•Liver metastases

•PD-L1 IC IHC status 

(< 1% vs ≥ 1%)a

Study Design

a ≥ 1% IC: 40% prevalence using SP142 IHC assay; b No dose reduction for atezolizumab or bevacizumab. 



Co-Primary 
Endpoint

Median PFS, mo (95% CI)

Atezo + Bev 11.2 (8.9, 15.0)

Sunitinib 7.7 (6.8, 9.7)

HR, 0.74 (95% CI: 0.57, 0.96)
P = 0.02

PFS (PD-L1+ & ITT) 

PFS assessed by investigators. Minimum follow-up, 12 mo. Median follow-up, 15 mo. 

Median PFS, mo (95% CI)

Atezo + Bev 11.2 (9.6, 13.3)

Sunitinib 8.4 (7.5, 9.7)

HR, 0.83 (95% CI: 0.70, 0.97)



TKI/IO Combinations: Lenvatinib + Pembrolizumab 

Parameter Total 

(n = 30)

Treatment 

Naïve 

(n = 12)

Previous 

Treatments

(n=18)

ORR(Week 24), n (%)

95% CI

19 (63)

44–80

10 (83)

52–98

9 (50)

26–74

ORR, n (%)

95% CI

19 (63)

44–80

10 (83)

52–98

9 (50)

26–74

BOR, n (%)

Partial 

response
19 (63) 10 (83) 9 (50)

Stable disease 10 (33) 2 (17) 8 (44)

Progression 1 (3) 0 1 (6)

Change in Tumor Size by Prior Therapy

Change in Tumor Size by PD-L1 Status

ESMO 2017. 







Tivozanib + Nivolumab
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