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• Recognize available therapies for the treatment of 
kidney cancer

• Discuss important factors needed to make personalized 
selections of treatments in different clinical contexts
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Kinds of kidney cancer



Different RCC subtypes

Clear cell,
Fuhrman grade 2

Papillary 
type 1

Papillary
type 2

courtesy Jasreman Dhillon

Areas of pleomorphic, 
atypical spindled cells arising 
from clear cell RCC.  (grade 4)
[Daniel Anderson, M.D., M.B.A.] 

https://www.pathologyoutlines.com/topic/
kidneytumormalignantrccsarcoma.html



Many other recognized subtypes: 

Clear cell type is about 75% 
of renal cancers

100% of the pivotal trials for 
RCC medications were 100% 
clear cell type

Fuhrman grade 1-2-3-4 helps 
define the histologic pattern

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=6VQIvnIROMeqPM&tbnid=O92cBii9FFeaMM:&ved=0CAUQjRw&url=https://www.sitcancer.org/sitc-meetings/aci2013/fl&ei=m91yU8exOdKwsASvnIDIBQ&psig=AFQjCNGle0KiVgnyhL19yitT-WJrlk0O6A&ust=1400123157871765
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=6VQIvnIROMeqPM&tbnid=O92cBii9FFeaMM:&ved=0CAUQjRw&url=https://www.sitcancer.org/sitc-meetings/aci2013/fl&ei=m91yU8exOdKwsASvnIDIBQ&psig=AFQjCNGle0KiVgnyhL19yitT-WJrlk0O6A&ust=1400123157871765


Kinds of medications



Types of medications: 
VEGF chelation:
Bevacizumab

Small molecule inhibitors of TKs:
SUFFIX:  “-inib”:

Axitinib
Cabozantinib (+c-met, +axl)
Lenvatinib (+ fgfr)
Pazopanib
Sorafenib (- vegfr1)
Sunitinib
Tivozanib

Targets:
VEGF
VEGFR1
* VEGFR2
VEGFR3

PDGFR alpha
PDGFR beta

* C-MET
* AXL

FGFR1
* FGFR2
* FGFR3
FGFR4

HIF2 alpha inhibition
Belzutifan

mTOR inhibition
Everolimus
Temsirolimus

HIF2 alpha

mTOR

Immunotherapy
IL-2 receptor

PD-1
CTLA-4

Human antibodies
SUFFIX:   -umab

Lymphocyte drugs:
-l- umab
or: -leuk-

Interleukin-2 

Nivolumab (PD-1)
Pembrolizumab (PD-1)
Avelumab (PD-L1)

Ipilimumab (CTLA4)



Key up-front clear cell RCC treatment combinations 
(with positive phase III studies vs monotherapy with sunitinib)

* Axitinib + pembrolizumab (OS and PFS)

* Lenvatinib + pembrolizumab (OS and PFS)

* Cabozantinib + nivolumab (OS and PFS)

* Ipilimumab + nivolumab (OS and PFS, but 
only intermediate/high risk category)

Lenvatinib and everolimus. (Better than 
sunitinib; not better than lenvatinib + 
pembrolizumab)

Other phase III trials:

Axitinib + avelumab (PFS only)

Atezolizumab (PD-L1) + bevacizumab (VEGF)

* Key contemporary options—
More on these later 



A few biomarkers



PD-L1: 
Adverse marker for 
VEGF response (!) 

Not much higher overall 
response rate with PD-1 
axis medications. 

Not used to select for 
PD-1 therapy

RCC 
biomarkers



RCC 
biomarkers

PD-L1: 
Adverse marker for 
VEGF response (!) 

Not much higher overall 
response rate with PD-1 
axis medications. 

Not used to select for 
PD-1 therapy



Von Hippel-Lindau  
protein:  pVHL

Always present as 
defect in clear cell RCC

Typically, one mutation 
and one deletion

Familial VHL syndrome: 
Inborn first knock-out 
mutation. 

RCC 
biomarkers



Blocked pVHL

No degradation of 
HIF2alpha

More expression of
VEGF
TGF-alpha
PDGF-beta
Erythropoetin
GLUT-1 

(glucose transporter-1)

RCC 
biomarkers



Adverse:
clear cell

P53
BAP-1

papillary
P53
PBRM-1

chromophobe
PTEN

RCC 
biomarkers

clear cell papillary

chromophobe



Clear-code34
ccA vs ccB type
signature

RCC 
biomarkers



Blocked pVHL

No degradation of 
HIF2alpha

TKI drugs: 
VEGF-R (r1-r2-r3)
PDGF-R (-α and -β)
C-MET
AXL
FGFR (-1-2-3-4)

Molecular 
targets of clear 

cell RCC



Angiogenic TKI targets – as the tumor grows, the 
blood supply is stimulated and integrated. 



Angiogenic TKI targets – after VEGF is blocked: 



Initial medical therapy 
of advanced disease

VEGF medicines



Antiangiogenesis drugs: >>8<< on-label, for RCC

Block VEGFR1/2/3  

axitinib

sorafenib

sunitinib

tivozanib

Block VEGFR1/2/3 and other targets 

cabozantinib (& C-MET, AXL)

lenvatinib (& FGFR [more])

pazopanib ( & FGFR)

Antibodies binding VEGF-A

bevacizumab

And HIF-2 alpha:
belzutifan



Antiangiogenesis drugs: Dose comparisons

Block VEGFR1/2/3  

• axitinib   5 mg po BID

• sorafenib 200 mg x2 = 400 mg po BID

• sunitinib 50 mg po, x 28 d/14 off; or 14/7

(also available in 12.5, 25, 37.5)

• tivozanib 1.34 mg po x 21 d/ 7 off

(also available 0.89)

Block VEGFR1/2/3 and others

• cabozantinib 

60 mg/d (monotherapy)

40 mg/d (combination)

20 mg also available. 

• lenvatinib

20 mg (or 18, or 14)  po qD

(comes in  10 & 4 mg sizes)

• pazopanib 

200 mg x4 = 800 mg po qD

Antibodies binding VEGF-A

• bevacizumab 10 mg/kg/dose, q 2 weeks



Antiangiogenesis drugs: Typical side effects

• Dysphonia/ 
hoarseness

• Weight loss

• Hand/foot 
syndrome

• Joint pain 

• Rash 

• Dysgeusia

• Diarrhea

• Hypertension

• Hypothyroidism

• Appetite less

• Fatigue

• Nausea

• Stomatitis

Management
• Interrupt
• Wait for resolution

• Axitinib half life: 2-6 h
• Lenvatinb 28h
• Pazopanib 30h
• Sorafenib 25-40 h
• Sunitinib 40-60h & N-desethyl

sunitinib: 80-100.  
• Cabozantinib 120h
• Tivozanib 4.5-5.1 days
• Bevacizumab ~ 20 days

• Re-challenge:
• Lower doses (on label)
• Planned breaks (e.g. weekends) 



PD-1 combinations



Two trials with 
combination  that 
didn’t meet OS 
improvement.

VEGF:

cabozantinib
lenvatinib
pazopanib
sorafenib
sunitinib
axitinib 
tivozanib

bevacizumab

PD-1 & PD-L1:
nivolumab
pembrolizumab

avelumab
atezolizumab

CTLA-4
ipilimumab

4 trials with combination superior to sunitinib.



4 trials with combination superior to 
sunitinib; plus cabozantinib vs sunitinib.

CLEAR trial. Lenvatinib plus pembrolizumab 

or everolimus [vs sunitinib]

Motzer et al. NEJM 2021 384:1289-1300

Checkmate 9ER. Nivolumab plus Cabozantinib versus 
Sunitinib for Advanced Renal-Cell Carcinoma
Choueiri et al. NEJM 2021 Mar 4;384(9):829-841

4 trials with combination superior to sunitinib.



Nivolumab plus Ipilimumab versus Sunitinib in 
Advanced Renal-Cell Carcinoma [only intermediate and 

high risk] Motzer et al. NEJM 2018; 378:1277-1290

PFS: difference less than OS. First 6 months: no difference

Favorable risk: none

Intermediate: 1 – 2

High (poor): 3 -5: 

4 trials with combination superior to sunitinib.

Karnofsky PS below 80
< 12 months since diagnosis
Hgb under LLN
LDH > 1.5 ULN
Corrected calcium > 10 mg/dL

ULN == upper limit of normal



Survival outcomes and independent response assessment with nivolumab plus 
ipilimumab versus sunitinib in patients with advanced renal cell carcinoma: 42-month 
follow-up of a randomized phase 3 clinical trial. Motzer et al. J Immunother Cancer 2021

Favorable risk:

Intermediate-high

“not significantly worse”

Smaller group of patients

Only counting
responders

Only counting
responders

4 trials with combination superior to sunitinib.



4 trials with combination superior to sunitinib.

Avelumab plus Axitinib versus Sunitinib for 
Advanced Renal-Cell Carcinoma 
Motzer et al. NEJM 2019 Mar 21;380(12):1103-111

Pembrolizumab plus Axitinib versus Sunitinib for 
Advanced Renal-Cell Carcinoma
Rini et al. NEJM 2019 Mar 21;380(12):1116-1127

PFS results positive: 

OS : not positive yet. 



mTOR



TOR: Yeast TOR target of rapamycin

Rapamycin was discovered from 
streptococcus hydroscopicus in soil of 
Rapa Nui, aka Easter Island, 1964 METEI 
(Medical Expedition to Easter Island). 
Powers T. The origin story of rapamycin: systemic bias 
in biomedical research and cold war politics. Mol Biol 
Cell. 2022 Nov 1;33(13):pe7

What about mTOR?
Huang K, Fingar DC. Growing knowledge of the mTOR 
signaling network. Semin Cell Dev Biol. 2014 
Dec;36:79-90

mTOR= 
• Mammalian 
• Target 
• of
• Rapamycin

Eukaryotic life on this planet 
depends on mTOR: Don’t 
inhibit it too much 



mTOR  in kidney cancer 
therapy mTOR medications

• ORR rate: low

• PFS, OS: improved

Everolimus
• 10 mg/d monotherapy (inferior to nivolumab)
• 5 mg everolimus with 18 mg/d lenvatinib

Temsirolimus
• 25 mg IV weekly, in high risk patients

Rare subtype:
Malignant perivascular epithelioid cell tumors (PEComas) 

• rare malignant mesenchymal neoplasms TSC1 or TSC2 mutations (leading to mTOR activation)

• Treated with sirolimus; or nab-sirolimus

Meredith, L., Chao, T., Nevler, A. et al. A rare metastatic mesenteric 
malignant PEComa with TSC2 mutation treated with palliative surgical 
resection and nab-sirolimus: a case report. Diagn Pathol 18, 45 (2023)



HIF2
Hypoxia inducible factor



Targeting HIF-2 alpha:Belzutifan

• On label for inherited VHL syndrome

• Off label for post-VEGF RCC

• Many studies, including adjuvant treatment

Multiple bilateral tumors 
CT reconstruction view. 

https://www.ctisus.com/teac
hingfiles/kidney/339265
(Case 6825)

Belzutifan

120 mg/d

40 mg tablets

https://www.ctisus.com/teachingfiles/kidney/339265
https://www.ctisus.com/teachingfiles/kidney/339265


Targeting HIF-2 alpha:Belzutifan
Jonasch E, Donskov F, Iliopoulos et al. MK-6482-004 Investigators. 
Belzutifan for Renal Cell Carcinoma in von Hippel-Lindau Disease. 
N Engl J Med. 2021 Nov 25;385(22):2036-2046

• Smaller tumors

• Fewer procedures



Targeting HIF-2 alpha:Belzutifan
Jonasch E, Donskov F, Iliopoulos et al. MK-6482-004 Investigators. 
Belzutifan for Renal Cell Carcinoma in von Hippel-Lindau Disease. 
N Engl J Med. 2021 Nov 25;385(22):2036-2046

• Frequent moderate 
anemia

• Rare high-grade problems

A few B-based
RCC trials:

• B  monotherapy

• B + lenvatinib

• B + pablociclib*
[* not approved in RCC]

• Cabozantinib vs B + lenvatinib

• Adjuvant pembrolizumab +/- B  

• Lenvantinib/pembrolizumab
Alone [on-label]
vs +B, 
vs + Quavonlimab*
[* investigational CTLA4 medication]

ALL ARE INVESTIGATIONAL COMBINATIONS



Checkpoint inhibitors



IL2 receptor: 
low affinity : T-effector
high affinity : T-reg; NK

PD-1:    on lymphocyte
PD-L1:  on target cell

CTLA-4: on lymphocyte
interacts with dendritic cell

Taieb et al. Evolution of checkpoint inhibitors for 
the treatment of metastatic gastric cancers: 
Current status and future perspectives. Cancer 
Treatment Reviews. April 2018. 

“RCC ipi-nivo 1-3”: 
ipi 1 mg/kg/dose, nivo 3 mg/kg/dose x 4

“melanoma ipi-nivo 3-1”
ipi 3 mg/kg/dose, nivo 1 mg/kg/dose x 4

… and then nivolumab monotherapy 

Checkpoint inhibitors



Immune checkpoint inhibitor side effects. 
All PD-1 therapies – across all 
diagnoses: 
Risks, with early or delayed latency: 

Every organ system is at risk
Respiratory: 
• Pneumonitis
• Respiratory depression
GI: 
• Diarrhea, colitis, GI bleeding
• Jaundice, nausea, vomiting
• Constipation
• Abdominal pain
• Pancreatitis
Endocrine
• Thyroiditis
• Hypopituitary
• Hypoadrenal
• Testosterone

Renal
• Creatinine elevation
• Nephritis
Skin
• Dry rash
• Itching
• Blistering rash
Central nervous system
• Headache
• RPLS
Musculoskeletal
• Myasthenia-like syndrome
• Arthritis
• myositis
Cardiac
• Carditis
• Heart-conduction
• Tachycardia



Null hypothesis <45% ORR

CLINICAL RESULTS: Phase 2 trial result  
pembrolizumab and IL-2 (not on-label)

Chatzkel J, Schell MJ, Chahoud J, Zhang J, Jain 
R, Swank J, Ludlow S, Lombardi K, Lucas Y, Croft 
C, Rembisz J, Jameel G, Fishman M. 
Coordinated Pembrolizumab and High Dose IL-
2 (5-in-a-Row Schedule) for Therapy of 
Metastatic Clear Cell Renal Cancer. Clin 

Genitourin Cancer. 2022 Jun;20(3):252-259.



Summary mechanisms

ANGIOGENESIS

GROWTH STIMULATION

TUMOR METABOLISM

IMMUNE ACTIVATION 



Building on immunotherapy

Breaking T cell 
exhaustion:



Nephrectomy 
decisions

Now
Maybe later
Maybe never



• Papillary type 2
• Liver dominant



T4  (duodenal invasion)
• Bleeding 1-3 units/week

• XRT (kidney too)
• Neoadjuvant sunitinib
• Surgery

• Off treatment
• NED + 19 months



Nephrectomy Now? aProjected reserve of remaining kidney is good.

Creatinine level
Differential renal scan

aNo general medical contraindication to surgery

Recent MI;  new stents
Pulmonary reserve

aNo other identifiable dominant disease

COPD
Dementia

aNo evident other disease: Going for cure

aPossible partial nephrectomy?



Nephrectomy maybe later?
Resectable 

primary

+ metastatic 
disease

(2009-2017)
N= 450

Randomize

nephrectomy

nephrectomy

sunitinib

sunitinib

sometimes (17%)

Survival evaluations

CARMENA trial:
55% intermediate
45% high-risk

Conclusion: Not much advantage to up-front nephrectomy. 
… and then sunitinib lost about 6 consecutive trials.

(vs lenvatinib/everolimus, vs cabozanitinb, vs ipilumimab-nivolumab, vs 
cabozantinib-nivolumab, vs axitinib-pembrolizumab, vs 
lenvatinib/pembrolizumab) 



Nephrectomy later?

aExtent of other disease: 

Balance of renal vs extrarenal 
tumor burden after up-front 
medical therapy & pleural effusions

8 months treatment:
cabozantinib
& nivolumab

& 3 months more, then nephrectomy (and 
partial colectomy, and lymphadenecgtomy): 
No extrarenal disease on scan or in 
specimen.  No remaining visible disease. 



Nephrectomy, maybe never?

aProjected reserve of remaining kidney is good.

Creatinine level
Differential renal scan

aLow ( under 80%) fractional debulking; balance of renal vs extrarenal 

tumor burden after up-front medical therapy

aAge of patient vs size of mass, natural growth rate. 

Cardiac, pulmonary reserve
Pulmonary reserve

aDownstage to a cryotherapy or partial nephrectomy?  



Adjuvant treatments
Successes
Trials with no benefit
Ongoing trials



Adjuvant treatments
Successes
Trials with no benefit
Ongoing trials

Yes (PFS): (no OS)
S-TRAC 

Sunitinib 12mo  vs NOT

Yes (OS, PFS)
Keynote 564

Pembroizumab x12 mo vs NOT

NO:
Vaccines (several: Reniale; Vitespen )
Interferon
Interleukin-2
Interferon with IL-2
Cytokines with 5-FU
Sunitinib (ASSURE)
Sorafenib (ASSURE)
Pazopanib (PROTECT)
Axitinib (ATLAS)
Ipilumimab-nivolumab
Atezolizumab



Yes (PFS): (no OS)
S-TRAC 

Sunitinib 12mo  vs NOT

OS: 
deaths reported:

64 patients sunitinib group 
64 (20.9%) in placebo group



NO: ASSURE  
Sunitinib vs placebo
Sorafenib vs placebo

N Haas et al. Adjuvant sunitinib or sorafenib for 
high-risk, non-metastatic renal-cell carcinoma 
(ECOG-ACRIN E2805): a double-blind, placebo-
controlled, randomised, phase 3 trial. THE LANCET 
VOLUME 387, ISSUE 10032, P2008-2016, MAY 14, 
2016

1 year:
Sorafenib 400 mg po BID (+ placebo)
Sunitinib 50 mg/d (28 on/ 14 off) (+ placebo)
Placebo + placebo

DFS, 8 years

OS, 8 years

https://www.thelancet.com/journals/lancet/issue/vol387no10032/PIIS0140-6736(16)X0021-9


Yes (OS, PFS)
Keynote 564

Pembrolizumab x12 mo vs NOT



Yes (OS, PFS)
Keynote 564

Pembroizumab x12 mo vs NOT



Adjuvant nivolumab and ipilimumab vs placebo 
(CheckMate 914)

6 months : 

nivolumab 240 q2 w + Ipilimumab 1 
mg/kg/dose q6w (vs None)

• pT2a (G 3 or 4);  or

• pT2b, pT3, pT4 ; N0M0; or

• pT (any) N1 M0

>>All were M0<<

• Adverse events: 
• G3+: 28.5% vs 2.0%

Motzer et al. Adjuvant nivolumab plus ipilimumab 

versus placebo for localised renal cell carcinoma after 

nephrectomy (CheckMate 914): a double-blind, 

randomised, phase 3 trial.  THE LANCET: VOLUME 

401, ISSUE 10379, P821-832, MARCH 11, 2023

DFS was not met (HR, 0.92; 95% CI, 0.71–1.19; P = 0.5347)

https://www.thelancet.com/journals/lancet/issue/vol401no10379/PIIS0140-6736(23)X0010-5
https://www.thelancet.com/journals/lancet/issue/vol401no10379/PIIS0140-6736(23)X0010-5


Adjuvant  atezolizumab vs placebo (IMmotion 010)

Atezolizumab 1200 mg, q3w x 1 year.

• T2 G4; 

• T3a Gr 3/4;

• T3b/c or T4 

• TxN+ 

• M1 resected with no evidence of disease

• Adverse events: 
• G3+: 27% vs 21%

Pal et al.   Adjuvant atezolizumab versus placebo for 
patients with renal cell carcinoma at increased risk of 
recurrence following resection (IMmotion010): a 
multicentre, randomised, double-blind, phase 3 trial

THE LANCET VOLUME 400, ISSUE 10358, P1103-
1116, OCTOBER 01, 2022 DFS was not met (0.93, 95% CI 0.75-1.15, p=0.50)

https://www.thelancet.com/journals/lancet/issue/vol401no10379/PIIS0140-6736(23)X0010-5
https://www.thelancet.com/journals/lancet/issue/vol400no10358/PIIS0140-6736(22)X0040-8


Adjuvant conclusions:
Trials are long
Huge amount of resources
Disease are heterogenous

More studies: Same general format

>>>Use selectively <<<



Challenges in clinical practice



Challenges in practice: 
A lot of issues are not covered in clinical trials: 

Brain lesions

• At presentation vs at recurrence

• How often to scan

• Surgery or radiation immediately 

• Medical treatment and close re-evaluation



Challenges in practice: 
A lot of issues are not covered in clinical trials: 

Restarting after good response

• Debulking nephrectomy

• Nephrectomy for cure after initial treatment

• Anatomically isolated site of progression– can 
it be resected, irradiated, embolized and then 
stay on the same treatments?



Challenges in practice: 
A lot of issues are not covered in clinical trials: 

Choosing which VEGF drug to take next

• Cabozantinib: Also targets C-MET, AXL

• Lenvatinib: Also targets FGFR

• Axitinib: Very short half life

• Tivozanib: Trial specific to third line treatment

• Bevacizumab: low intensity ascites control



Challenges in practice: 
A lot of issues are not covered in clinical trials: 

Histology factors

• Sarcomatoid: Better difference with ipilimumab-nivolumab

• Papillary:  No specific trials

• Chromophobe: No specific trials; lenvatinib-everolimus appeared 
good in a part of a single-arm trial

• Rare subtypes –all extrapolations

• Nephrectomy decisions for not-clear-cell cases



Summary and what’s next?



• Trials emphasize first-line treatment two-part PD-1 combinations
• Most people take these
• No practical ranking among them 

• Single agent therapies are active
• Mulityear responses are a regular occurrence. 

• PD-1 and lymphocyte target medications: Benefit for most
• VEGFR medications: Major contribution to RCC
• Belzutifan targeted therapy: Some differences to VEGF treatment; may 

be something to overlap; trials are in progress. 

Summary and future directions



• Treatment decisions should be individualized
• Trials don’t seem to capture patient nuances

• Sequencing these remains largely a heuristic endeavor

• T cell function– many ways to affect it
• Reversing exhaustion
• T cell drugs
• Microbiome factors

Summary and future directions
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