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Dr. Figlin: Welcome to the Kidney 
Cancer Journal webinar, focusing on 
exciting developments in renal can-
cer therapeutics. I am Robert A Figlin, 
Steven Spielberg Family Chair in He-
matology-Oncology, at Cedars Sinai 
Medical Center in Los Angeles. I am 
going to moderate this session with my 
colleagues Drs. Brian Rini and Thomas 
Hutson. As many of you know, Brian 
is an Ingram Professor of Medicine and 
leads kidney cancer clinical research ef-
forts at Vanderbilt-Ingram Cancer Cen-
ter. Dr. Thomas Hutson, well known to 
all of you, is the director of the Urologic 
Oncology Program, and co-chair of the 
Urologic Cancer Research and Treat-
ment Center at Baylor University, and 
Professor of Medicine at Texas A&M 
College.
	 This is an interesting time and 
we are going to focus on a novel drug 
tivozanib, which on March 10, was ap-
proved by the FDA for advanced or re-
fractory kidney cancer, after second line 
therapies1. Let's start with Brian (Rini). 
Can you please talk about the tivozan-
ib molecule and especially its potential 
role in targeting VEGF receptors?

Dr. Rini: In the family of TKIs, you have 
more selective agents like tivozanib and 

axitinib and you have multi-targeting 
agents - sorafenib and cabozantinib. 
The beauty of tivozanib is its selectivity 
and potency against the VEGFR targets 
and, as you all know that is integral to 
the biology of kidney cancer and funda-
mental to its very being. Which is why 
these VEGF inhibitors have precise ac-
tivities2. Tivozanib was developed to be 
a potent and selective agent2, 3 which 
I think probably is mostly reflected in 
its tolerability profile, so we do not see 
off-target toxicities with tivozanib, and 
you just tend to see on-target side ef-
fects like hypertension etc.

Dr. Figlin:  Thomas (Hutson), I always 
like having you on the call because of 
your pharmacy background. In terms of 
pharmacology and pharmacodynamics, 
how should a practicing medical oncol-
ogist think about tivozanib when using 
and delivering it in a clinical setting? 

Dr. Hutson:  What is really striking 
about the tivozanib molecule is that at 
nanomolar concentration, it can inhibit 
VEGF receptors 1, 2, and 3, which are the 
putative receptors known to be import-
ant in kidney cancer pathogenesis2 and 
equally, it does not inhibit the off-target 
receptors like c-Kit, which contribute 

to side effects. Pharmacodynamically 
it is very potent. Pharmacokinetically, 
tivozanib has a half-life of 99 hours so it 
is going to stay in the system for a lon-
ger period of time. Although tivozanib 
is similar to axitinib in terms of spec-
ificity, it has a longer half-life than ax-
itinib. Some investigators believe that 
this long half-life may be advantageous. 
Certainly, the pharmacokinetic and 
pharmacodynamic profile of tivozanib 
allows for very small milligram dosing, 
and it is given for three weeks on and 
one week off allowing for  continual 
suppression of VEGF receptor. Overall, 
this results in better tolerability and 
then the prolonged suppression of 
VEGF receptor4. 

Dr. Figlin: Yes, I think that is very in-
sightful because when we are treating 
patients, we think about not only the 
target, but also we think about the half-
life of the molecules to see if we need 
to hold or discontinue depending upon 
their toxicity profiles. So Brian, next 
take us through tivozanib’s develop-
ment, a little bit about TIVO-15 and more 
recently, TIVO-3 clinical trial6 that ulti-
mately has led to FDA approval. So help 
us understand the patient population, 
some of the results and dive into the 
outcomes that you think are important. 

Dr. Rini: Sure, as we were discussing, 
tivozanib probably has one of the most 
interesting regulatory and develop-
ment histories for an anti-cancer mol-
ecule. This is probably going back ten 
years, there was an initial phase-2 study 
published at the ASCO meeting3, 4 and 
it came along at least in a 2nd wave of 
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TKI development. TIVO-1 was a large 
phase-3 study in the frontline setting, 
involving previously untreated patients 
randomized to tivozanib vs sorafenib5. 
Tivozanib had its progression free sur-
vival (PFS) endpoint and response rate 
(RR) advantages and tivozanib was very 
potent as other TKIs in the frontline set-
ting5. However, the problem with TIVO-
1 was its one-way crossover design; 
when patients progressed on sorafenib, 
they crossed over and got tivozanib, 
which we now know is a very potent re-
fractory agent. Whereas some patients 
who were initially randomized into 
tivozanib and did not cross over left 
to get a standard of care, which prob-
ably would not be a problem today but 
at the time and especially in the coun-
tries where it was conducted in parts of 
eastern Europe and Russia, there was 
no second line therapy so it became a 
trial of two drugs versus one; sorafenib 
+ tivozanib versus tivozanib alone for  
many patients. Because of that, the sur-
vival hazard ratio was above one, which 
I believe really reflects that two drugs 
versus one drug phenomenon. But at 
the time, the FDA was not so convinced 
and certainly you can understand that 
they do not want to approve a drug that 
may adversely affect survival. Also, you 

can see how different regulators view 
data differently; the drug was approved 
in Europe years later, although it was  
not approved in the US7. TIVO-3 was 
eventually developed as a response by 
AVEO (clinicaltrials.gov, NCT02627963) 
to avoid this crossover problem6. So that 
is the reason why tivozanib was a bit 
unique in a refractory setting because 
you can no longer do frontline TKI ver-
sus frontline TKI. TIVO-3 trial showed 
PFS and ORR advantages in the later 
lines setting6. Some people have ques-
tioned the use of sorafenib as a control 
arm but that was entirely in response to 
TIVO-1 so as to recapitulate the study 
again in a different setting. We have 
seen that in other TKI trials on TKI ver-
sus TKI have shown about equivalent 
survival outcomes, reflection of all the 
active drugs that patients can get upon 
progression. So that is the very short 
version of a very long TIVO history.
 
Dr. Figlin: Thomas, your thoughts 
about quality of life (QoL) data associat-
ed with targeted effectiveness of VEGF 
inhibition and less off-target toxicity?

Dr. Hutson:  We saw the unique char-
acteristics of tivozanib play out during 
its development from the phase-2 

randomized discontinuation trial and 
we saw an untargeted and minimal 
level of grade 1 or 2 toxicities that have 
been problematic with this generation 
of TKIs4. For instance, some side effects 
like hand-foot skin reaction, fatigue 
were much less with tivozanib. We did 
see an increase in some side effects 
especially hypertension and dyspho-
nia as a result  of its potent inhibition 
of VEGFR4. Later, based on the results 
from phase-3 TIVO-1 trial where I was 
a senior author, we hoped for approval 
of tivozanib but unfortunately it was 
not approved in the US. The most re-
cent trial of tivozanib, TIVO-3, really 
allowed us to reconfirm and shed light 
on the benefits of tivozanib and its tol-
erability in a refractory patient popu-
lation which may not respond or tol-
erate therapy well6. So, what we know 
from this trial is that patients who have 
had prior VEGF targeted therapy like 
axitinib or prior IO therapies seem to 
have benefit efficacy, as well as good 
tolerability6. In particular, there was 
no sign of any new side effects and  
the side effects looked fairly similar 
to TIVO-1 study. A recent real world 
trial was published after tivozanib 
was approved in 2017 in the EU7. In a 
real world data analysis, our colleague 

Figure 1 | Kaplan-Meier estimated progression-free survival in the intention-to-treat population.  HR=hazard ratio, 
CI= confidence interval. 
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Michael Staehler from the University of 
Munich, Germany, pulled together 23 
patients between November, 2017 and 
October 2018, and treated patients both 
in the frontline setting as well as  in sec-
ond-line  up to sixth line settings8. They 
were able to show what we had seen 
in the TIVO-1 and TIVO-3 trials that 
they were getting a median PFS of 14.9 
months (95% CI 5.1–24.8). Median PFS 
was 30.3 months for first line patients 
versus 8.6 months (CI 5.1–12.2) (p=0.291) 
for later line which was again consistent 
with what we saw in Brian’s report. The 
side effects observed in terms of QoL 
were very similar to TIVO-3; hyperten-
sion, diarrhea, fatigue and hoarseness 
with grade one or two severity8.

Dr. Figlin: Brian, this seems like evi-
dence of VEGF dependence in kidney 
cancer and TKI therapy continues to 
benefit patients after multiple prior line 
therapies, even in later settings. So how 
do you conceptualize using this data in 
your day in, day out practice when you 
start seeing these patients post multiple 
prior lines, but still have some evidence 
of that VEGF dependence?  

Dr. Rini: Yes, I think your point is a 
good one, analogous to prostate cancer 
where it is still testosterone dependent 
through multiple lines of therapies, 
kidney cancers are dictated by VEGF 
through multiple lines of therapy. These 
patients in the third- or fourth- line set-
tings had seen at least one VEGF thera-
py and perhaps some patients have seen 
two or more therapies. So you are abso-
lutely right, the biology remains at least 
in part, although not in whole VEGF 
dependent that is why we see potent 
activity here. As you are aware, again, 
there is a debate - do you want to get 
more or less selective in your TKI use as 
you go into refractory setting? We could 
certainly argue that tivozanib is not 
necessarily a contemporary multi-tar-
geting TKIs like cabozantinib or lenva-
tinib would be but, I think even more 
impressive when you have this level 
of potency with a very selective agent, 
because it specifically inhibits VEGF; 
not non-specific targets. So, again, to 
your point, there is a level of funda-
mental VEGF dependency here. To an-
swer your question, as I move from an 
IO containing regimen upfront, I use 
a lot of IO-TKI to a refractory regimen 

which for me is usually a single agent 
TKI. My mindset has gone away from 
cure and is rather focused on disease 
control as I do not think TKIs cure pa-
tients as IO based therapy does. The 
tolerability profile of the agent has al-
ways been very important to me in the 
refractory setting. That is why I use a lot 
of axitinib in that setting9 before I was 
using axitinib-pembrolizumab10. So I 
think the major advantage for tivoza-
nib is not just activity because I think 
the activity is probably comparable to 
other TKIs but also its tolerability. As 
patients get pretty beat up in the third- 
and fourth- line settings,  you are start-
ing to question: Am I really helping this 
patient by giving them more therapy or 
am I hurting them more? I know this is 
something I face when patients are get-
ting into third- or fourth- line setting 
so I am pretty careful about choosing 
agents with what I perceive the best 
tolerated profile. Because at least I am 
not harming the patient so I can use 
this agent very liberally in the third- or 
fourth- line setting or even if they fail 
to an IO- TKI regimen, I think tivozanib 
is perfectly appropriate in that setting.

Figure 2 |  Estimated progression-free survival in a subgroup of  patients (A) who had been previously treated with a checkpoint 
inhibitor and a TKI (B) who had been previously treated with two TKIs
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Dr. Figlin:  Thomas, your thoughts on 
the potential of TKI therapies in the lat-
er line therapeutics space as an experi-
enced investigator?

Dr. Hutson: Yes, I agree with Brian. At 
a bit more granular level on the actual 
regimens we would choose IO-TKI  in 
the community setting, especially ax-
itinib based regimen, like axitinib-pem-
brolizumab is most utilized10. We are 
evaluating VEGF TKIs with IO therapies 
so  you may have drugs combined to IO 
like cabozantinib or lenvatinib12, but 
when we start moving into the second 
line setting after cabozantinib and into 
the third line space, we know that len-
vatinib-everolimus is a very active reg-
imen. In the refractory setting, we are 
looking for a therapy as Brian commu-
nicated that can accomplish the goal of 
stabilizing disease. We are not looking 
so much at that shrinkage of tumor with 
the disease control rate which is actual-
ly very impressive if I recall, and then a 
tolerability profile that makes tivozanib 
an ideal drug to choose in a third line 
after a cabozantinib or a fourth line. 
So, again, what we showed in TIVO-3 
was that you could have exposure to 
axitinib, as you would have in first line 
combo with an IO-TKI, and then later 
tivozanib, and still get this level of ac-
tivity. Prior to TIVO-3 , we really did 
not have a lot of therapies with phase-3 
data. But, now we know things are go-
ing to change as we know what you pick 
first, dictates what you choose second, 
third and fourth line. For instance, if 
you get cabozantinib-nivolumab13, that 
is going to change what you are going 
to get second as you are no longer going 
to get cabozantinib second, so have to 
think - could it be a tivozanib? axitinib, 
or could it be lenvatinib, everolumab? 
I think the data from TIVO-3 certainly 
makes tivozanib an ideal option in the 
later lines setting6.

Dr. Figlin: We know, for example that 
there is clearly a dose-response effect 
to TKIs targeting VEGFR in clear cell 
RCC. I am just wondering out loud to 
the two of you, whether the real bene-
fits of tivozanib are in part explained 
by its nanomolar IC50 so that you can 
get such inhibition at relatively low 

concentrations? 

Dr. Rini: Yes, I think so. I am a big be-
liever in an optimal dosing of TKIs and 
I spent a lot of time thinking about it. 
You can achieve the benefits with opti-
mal dosing that is appealing to you in a 
clinical community practice. So I think 
there is good pharmacokinetics and 
pharmacodynamics. You have the half-
life issue which could be good or could 
be bad. We can sort of debate that, but 
obviously it is what it is. I think the long 
half-life of tivozanib does not hurt pa-
tients because it is so darn tolerable due 
to its optimal dosing advantage. I think 
some other multi-target TKI agents are 
much more toxic in my opinion as it 
takes a long time to get out of the sys-
tem. Therefore I just do not think there 
is any major tolerability issue to any 
extent with tivozanib even in later line 
setting.

Dr. Figlin: So you do not think that 
there is any challenge in navigating the 
hypertension associated with tivozanib 
because of the long half-life in terms of 
controlling it once a person develops it?

Dr. Rini: I think in the early years we 
were all refreshing our memories about 
anti-hypertensives. But now it is been 
15 or 20 years since we started deal-
ing with with VEGF TKI associated 

hypertension or other side effects. So I 
feel my staff and I feel pretty comfort-
able managing hypertension. I can not 
think of a patient where I have perma-
nently stopped for hypertension. As 
most people feel comfortable enough 
dealing with such issues, I do not think 
that is going to be a huge issue.

Dr. Figlin:  For you Thomas?  

Dr. Hutson:  Absolutely the same, there 
is no pure or ideal VEGF inhibitor. So 
what we see with tivozanib is that it is 
active even at nanomolar concentration, 
the next off-target is so much higher. 
You are just never going to get off-target 
toxicity from tivozanib as you would 
have to take a bottle of the drug at one 
time to hit other off-targets. We get only 
on-target side effects which are man-
ageable, so I think that is what makes 
tivozanib so advantageous and well 
tolerated.

Dr. Figlin:  So just thinking out loud, 
now that we have FDA approval for 
tivozanib, and we have good toxicity 
profile, do you think it is an easily com-
binable drug for future design, I mean is 
it something that we should be thinking 
about in clinical trial design involving 
next generation IO-TKI at a nanomolar 
concentration?

Figure 3 | Estimated overall survival rate and duration of  response (DoR). HR=hazard ratio, 
CI= confidence interval. 
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Dr. Hutson:  Yes, absolutely. We are look-
ing for combinable therapies to add on 
the backbone of VEGF inhibitors. Since 
we know from the pathogenesis of clear 
cell renal carcinoma that VEGF is going 
to be an important target for us to con-
tinue to suppress, having a drug that 
has predictable side effects is going to 
be advantageous when we combine two. 
I think that is one of the advantages we 
have seen already in the marketplace 
with axitinib-pembrolizumab10 that it is 
gotten such great uptake as physicians 
feel the drug is well tolerated and I think 
they are going to be equally pleased 
when the tivozanib-nivolumab13 study 
continues to enroll and hopefully that 
will be a positive trial.

Dr. Figlin:  You guys have been spectac-
ular as I knew you would be, Brian and 
Tom. Why don't you speak to the com-
munity physician seeing the occasional 
clear cell RCC patient and kind of sum-
marize for them, how they should be 
thinking about tivozanib and integrating 
it into their practice?  

Dr. Rini: I would think about it as a very 
clean, potent and well tolerated VEGF 
inhibitor and would integrate it early in 
the refractory setting, which is where 
the data supports. We will investigate 
Thomas's point about other combos and 
triplets as well. You will be pleasantly 
surprised not just at its efficacy, which I 
think is impressive but also at its tolera-
bility especially after being beat up with 
a frontline doublet, or a second line com-
bo. So, tolerability is the calling card of 
this tivozanib agent and I think you and 

your staff are going to like that very 
much.

Dr. Figlin: Any special population data 
that we are aware of what happens in 
a brain metastatic patient? Is there any 
information from the TIVO-3 trial that 
helps us figure out exactly what kind of 
refractory patient might benefit?

Dr. Rini: The short answer is no, I do 
not think brain mets were allowed and 
I do not think we have looked at organ 
subsets yet. You know those analyses 
are always a bit flawed and I am not 
aware of any data that would support 
a subpopulation that is particularly en-
riched or not enriched.

Dr. Figlin: Thomas, speaking to the 
community practice what would be 
your take home lessons?

Dr. Hutson:  Sure. For the community 
oncologist, I would also echo what Bri-
an said that this would be one of the 
agents that you put in the tool box of 
therapies that you are going to choose 
from to give your patients. We now 
have the advantage or disadvantages 
of having multiple lines of therapy to 
choose from, knowing that patients 
never make it past the third or fourth 
line for most people. When treating a 
patient, it will be important to select 
the most active sequence of agents to 
make sure that patients are able to be 
exposed to the best therapies available.  
Having new therapies with data in lat-
er lines is crucial, therapies especial-
ly which provide disease control.  So, 

tivozanib is going to be pushed over 
into that box of therapies we want to 
use. Unfortunately many patients do 
not make it past the fourth line of ther-
apy and people need to realize this is 
the therapy they are going to want to 
have on their list of therapies to choose 
from.

Dr. Figlin: Well, Brian and Thomas, you 
have been spectacular as I expected 
you would be. This is a great summa-
ry of another novel agent that is going 
to have a potential role in treating our 
patients. Thank you and best regards.
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EDITOR’S  MEMO  (continued from  Page 2)
Choueiri and colleagues was the fi rst to 
report effi  cacy of combining the novel 
HIF-2alpha inhibitor plus cabozantinib 
(a VEGF TKI) in 118 patients with 
advanced clear-cell RCC. Belzutifan 
in combination with cabozantinib 
demonstrated promising antitumor 
activity and better tolerability in 
previously treated patients with 
metastatic ccRCC.  CheckMate 9ER 
(NCT03141177), a phase III open-
label trial has shown that nivolumab + 
cabozantinib demonstrated statistically 
signifi cant HRQoL benefi ts and 
superior effi  cacy versus sunitinib.  
Also, nivolumab + cabozantinib 
demonstrated improved effi  cacy and 
prolonged survival vs sunitinib in 
previously untreated aRCC patients 
regardless of sarcomatoid status. In 
a phase II SWOG 1500 study by Pal 
and colleagues that put cabozantinib, 
crizotinib, or dacomitinib to the 
test, the small molecule inhibitor 
cabozantinib was found most 
eff ective in treating 180 patients with 
metastatic papillary RCC following 
progression.  Th e exploratory analysis 
by Plimack and colleagues provide an 
update of phase III KEYNOTE-426 
study which demonstrates that a 
signifi cant proportion of patients 
in the pembrolizumab and axitinib 
arm were able to complete 2 years 
of pembrolizumab with ongoing 
clinical benefi t. In previous reports of 

KEYNOTE-426, investigators showed 
that pembrolizumab plus axitinib 
prolonged OS and PFS vs sunitinib 
in patients with treatment-naive 
advanced RCC. 

Emerging data from these trials 
will position such IO/IO or IO/TKI 
combination regimens as the new 
standards of care for patients with renal 
cell carcinoma. Th ere were several 
useful additions to the repertoire of 
currently approved therapies, which 
should prompt further conversations. 
As oncologists gear up to gauge the 
potency of newly available combination 
regimens in a real-world perspective, 
signifi cant challenges remain in 
regard to management of overlapping 
toxicities, while maintaining quality of 
life in patients. Ultimately, the rationale 
for optimal treatment selection for a 
given combination regimen depends 
on multi-factorial elements including 
safety/effi  cacy, tolerability, cancer 
progression, comorbidities, drugs cost 
etc. 

Th is edition of Kidney Cancer 
Journal provides a stimulating 
roundtable discussion which I chaired, 
participated by expert panelists Drs. 
Brian I Rini and Th omas E. Hutson. 
Th is discussion shed light into the 
robust safety/tolerability portfolio 
of VEGF-TKIs especially tivozanib 
which could potentially carve out a 
space within the area of unmet need 

: third- or fourth-line therapy for 
heavily pretreated RCC population. 
Th e discussion also integrated new 
concepts emerging from the phase-3 
TIVO-3 trial and analyze the potential 
impact of novel data. On the heels 
of the recent US FDA approval of 
tivozanib (Fotivda) in the relapsed/
refractory RCC setting based on data 
from phase 3 TIVO-3 trial, tivozanib is 
now being investigated in combination 
with the PD-1 inhibitor nivolumab 
(Opdivo) in the phase 3 TiNivo-2 trial 
in patients with relapsed/refractory 
RCC. A case study by Russo’s team in 
this edition describes the cytoreductive 
partial nephrectomy (cPN) approach 
in a patient with metastatic disease 
in the context of a small renal mass 
and pre-existing chronic kidney 
disease and discusses a framework for 
patient selection. A review article by 
Rathmell and colleagues summarizes 
how glycogen, lipid, and cholesterol 
metabolism which has long been 
recognized as a diff erentiating feature of 
ccRCC play key roles in ccRCC tumor 
growth. Th is review also provides key 
insights about therapeutic potential 
of targeting bioenergetic metabolism 
pathways. 

Robert A. Figlin, MD, FACP
Editor-in-Chief

EDITOR’S  MEMO  (continued from  Page 2)
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