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Type

Frequency

Gene

Clear cell

75%

VHL

Papillary type 1

5%

c-Met

Papillary type 2

10%

FH

Chromophobe

5%

BHD

Oncocytoma

5%

BHD

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

Human renal epithelial neoplasms



RCC therapy: Targeting VEGF at Multiple Levels

Modified from: Rini BI and Atkins MB. Lancet Oncol 2009; 10:992-1000

Sunitinib
Sorafenib
Axitinib
Pazopanib
Cabozantinib



Angiogenesis Inhibition Through mTOR Blockade

Lane HA, et al. Clin Cancer Res 2009; 15:1612-1622



mTOR is one of the most commonly mutated genes

Hakimi AA, et al. Nat Genet 2013; 45:849-850

The mutations in mTOR clustered in regions encoding the conserved FAT and 

kinase domains of the mTOR protein, where they likely destabilize the 

intrinsecally restricted conformation of the protein, thus leading to increased 

mTORC1 signalling



RCC is also a metabolic disease

Hakimi AA, et al. Nat Genet 2013; 45:849-850

Integrated mRNA expression and proteomic data suggested a global 

metabolic shift that involved:

- increased dependence on the pentose phosphate shunt,

- decreased activity of AMP-activated protein kinase (AMPK) and the Krebs 

cycle,

- increased glutamine transport and

- higher fatty acid production,

which all correlate with disease aggressiveness

Allosteric mTORC1 inhibitors (i.e., Temsirolimus and Everolimus) thus

affect this global metabolic shift



mTOR inhibitors for RCC

Temsirolimus

Everolimus

I linea nei pazienti «poor risk» 

Dopo fallimento di terapia mirata anti-VEGF



1st line Temsirolimus in Poor-Risk RCC*
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IFN-α 3 MU-18 MU (n = 207)
CR + PR: 4.8%

CR + PR + SD‡: 15.5%

Tem 25 mg QW (n = 209)
CR + PR: 8.6%

CR + PR + SD: 32.1%

3/6 Poor-Risk Features:

 LDH > 1.5 x ULN

 Hb < LLN

 Ca++ (corrected) > 10 mg/dL

 KPS 60-70

 Initial diag to random < 1 yr

 Multiple sites of metastases 
mRCC 

(N = 626)

IFN-α 3 MU-6 MU + Tem 15 mg QW (n = 210) 
CR + PR: 8.1%

CR + PR + SD: 28.1%

*Modified MSKCC poor risk. †Stratified by country and nephrectomy status. ‡SD  24 wks.

Hudes G, et al. N Engl J Med. 2007; 356:2271-2281
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HR: 0.87 (95% CI: 0.65-1.17)

Kaplan-Meier Median, Mos
Everolimus : 14.78
Placebo: 14.39

Log-rank P = .162

Everolimus vs Placebo in Pretreated pts: RECORD-1

Motzer RJ, et al. Cancer 2010; 116:4256-4265



Main Adverse Events with mTOR Inhibitors

Hudes G, et al. N Engl J Med. 2007; 356:2271-2281
Motzer RJ, et al. Cancer 2010; 116:4256-4265



VEGFR-TKI/mTORi Sequence: RECORD-3 trial

Motzer RJ, et al. J Clin Oncol 2014; 32:2765-2772



PFS OS

2nd line Temsirolims vs Sorafenib: INTORSECT trial

Motzer RJ, et al. Cancer 2010; 116:4256-4265





Cabozantinib vs Everolimus: METEOR

Chouieri TK, et al. Lancet Oncol 2016; 17:917-927



Nivolumab vs Everolimus: Checkmate 025

Motzer RJ, et al. N Engl J Med 2015; 373:1803-1813



mTOR Inhibitors: Future Perspectives in RCC

1.Investigation in Other Histologies

2.Molecular Predictive Factors

3.Combination with Other Agents
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Non Clear-Cell Histology: the ASPEN trial

Armstrong AJ, et al. Lancet Oncol 2016; 17:378-388
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Looking for Predictive Factors

Patients, %

MTOR, TSC1 and TSC2 mutation status

CR/PR >6 
months, 
n=12

Primary
refractory, 
n=36

P value OR

Mutation detected 42 11
0.03 5.28

Mutation not detected 58 89

Kwiatkowski DJ, et al. Clin Cancer Res 2016; 22:2445-2452
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Combination: Everolimus + Lenvatinib

• Primary endpoint: PFS with lenvatinib ± everolimus vs everolimus alone

• Secondary endpoints: PFS with combination vs lenvatinib alone, ORR, OS, safety/tolerability

Motzer RJ, et al. Lancet Oncol 2015; 16:1473-1482



Combination: Everolimus + Lenvatinib

Nivolumab1 Cabozantinib2 Lenvatinib3

RR (%) 25 21 35

PFS (mos) 4.6 7.4 12.8

OS (mos) 25 21.4 25.5

Dose
reductions (%)

NA 60 71

Discontinuation
due to AEs (%)

8 9 24

Toxicity G3 18%
G4 1%  

G3/4 68% G3 57%
G4 14%

1. Motzer RJ, et al. N Engl J Med 2015; 373:1803-1813.
2. Chouieri TK, et al. Lancet Oncol 2016; 17:917-927.

3. Motzer RJ, et al. Lancet Oncol 2015; 16:1473-1482.
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