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Respected Madam, 

 

We are filing this representation by way of Pre-Grant Opposition along with annexures u/s 25 (1) 

of the Patents Act, 1970 and Rule 55 of the Patent Rules, 2003 in Form 7A.  

 

The Learned Controller is requested to take said opposition along with annexures on record and 

proceed further in the matter and keep the Opponent advised of each and every step taken in the 

matter. 

 

We crave the leave of the Learned Controller to submit additional documents and/or evidence to 

support any of the averments in the representation as may be necessitated during the future 

proceeding. 

 

Lastly, we request the Learned Controller to grant an opportunity of being heard before the 

present Opposition is finally decided  

 

Thanking you,  

 

Yours faithfully, 

 
PRAGYA SINGH THAKUR (IN /PA – 3329) 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

 

Encl.: As stated  
 

C.C:   LAKSHMI KUMARAN & SRIDHARAN 

E-mail: iprdel@lakshmisri.com;  

mailto:iprdel@lakshmisri.com
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FORM 7A 

THE PATENTS ACT,  

1970 (39 OF 1970) 

AND 

THE PATENTS RULES, 2003 

REPRESENTATION FOR OPPOSITION TO GRANT OF PATENT 

[See Rule 55] 

 

I, RAHUL LAXMAN GAJBHIYE, having his address at 220 Misal layout, near shiv mandir, 

Bada Indora, Jaripatka, Nagpur, Maharashtra Pin Code 440014, India, hereby give representation 

by way of opposition to the grant of patent in respect of application No: 201617025251 filed on 

22/07/2016 made by 1. PFIZER INC; 2. MERCK SHARP & DOHME CORP. on the 

grounds: 

 

(a) Section 25(1)(e)– that the subject-matter claimed in the impugned application is 

obvious and clearly does not involve any inventive step. 

b) Section 25(1)(f)– that the subject of any claim of the complete specification, is 

not an invention within the meaning of this act or is not patentable under this act. 

c) Section 25(1)(g)– that the complete specification of the impugned application 

does not sufficiently and clearly describe the invention or the method by which it 

is to be performed. 

d) Section 25(1)(h) - Failure to disclose the information required by section 8 of the 

Patents Act. 

 

(Detailed grounds are set out in the Opposition as attached) 

 

My address in India is: 

   

RAJESHWARI & ASSOCIATES 

S-357, FIRST FLOOR 

NEAR HDFC BANK 

PANCHSEEL PARK 

NEW DELHI-110017, INDIA 

TEL +91-11-41038911 

MOBILE NO: 8368982401 

Email: pragya@ralegal.co.in;  

 

mailto:pragya@ralegal.co.in
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Dated this 19th day of September, 2023 

 

PRAGYA SINGH THAKUR (IN /PA – 3329) 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

TO 

THE CONTROLLER OF PATENTS 

THE PATENT OFFICE, NEW DELHI  
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BEFORE THE CONTROLER OF PATENTS, THE PATENT OFFICE, NEW DELHI 

 

In the matter of Section 25(1) of The Patents Act, 1970 as amended by The Patents (Amendment) 

Act 2005;  

 

And 

 

In the matter of Rule 55 of The Patents Rules 2003 as amended by the Patent (Amendment) Rules, 

2006 

 

And 

 

IN THE MATTER of Indian Patent Application 201617025251 filed on 22/07/2016 in the name 

of PFIZER INC; 2. MERCK SHARP & DOHME CORP.                      

 

REPRESENTATION BY: 

 

RAHUL LAXMAN GAJBHIYE                                                                              ........OPPONENT 

 

VS. 

 

1. PFIZER INC; 2. MERCK SHARP & DOHME CORP.                                       .......APPLICANT 

 

 

REPRESENTATION BY WAY OF PRE-GRANT OPPOSITION UNDER 

SECTION 25(1) OF THE PATENTS ACT, 1970 

 

I, Rahul Laxman Gajbhiye, hereby submit my representation by way of opposition to the grant of 

patent in respect of Indian Patent Application 201617025251 dated 22/07/2016 in the name of 1. 

PFIZER INC; 2. MERCK SHARP & DOHME CORP. titled “Combination of a PD 1 antagonist 

and a VEGFR inhibitor for treating cancer” 

 

STATEMENT OF CASE OF OPPONENT 

 
1. The Opponent has learnt that the Applicant has filed an Indian Patent Application 

201617025251 (hereinafter “the Impugned Patent Application”) on 22/07/2016.The impugned 

patent application was published in the official journal of the patent office on 31/08/2016, 

which is currently pending before the Patent Office. The Impugned Patent Application is the 

national phase application of PCT/US2015/014212 and draws its priority from US application 
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61/935,809 dated 04 February 2014 

 

2. The Impugned Patent Application is entitled “Combination of a PD 1 Antagonist and a 

VEGFR Inhibitor for Treating Cancer”. 

 

3. The Opponent by way of this present pre-grant opposition submits that the claims currently 

pending on record are not patentable under the provisions provided in this Act. The claims as 

filed and currently on record are annexed herewith as Annexure-1 and reproduced herein 

below for ready reference: 
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4. Impugned Patent Application: The present pre-grant opposition is against Indian Patent 

Application 201617025251 dated 22/07/2016 in the name of PFIZER INC. and MERCK 

SHARP & DOHME CORP. titled “COMBINATION OF A PD 1 ANTAGONIST AND A 

VEGFR INHIBITORFOR TREATING CANCER” and is drawn towards a medicament 

comprising an antagonist of a Programmed Death 1 protein (PD-1) for use in combination with 

a vascular endothelial growth factor receptor (VEGFR) inhibitor for treating a cancer. 

 

5. The claimed medicament for cancer treatment incorporates PD-1 inhibitor which is 

Pembrolizumab, and the VEGFR inhibitor is N-methyl-2-[3-((E)-2-pyridin-2-yl-vinyl)-1H-

indazol-6-ylsulfanyl]-benzamide or a pharmaceutically acceptable salt thereof, which is also 

well known as Axitinib. 

 

The structure of Pembrolizumab is as shown below: 
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The structure of Axitinib is as shown below: 

 

 

6. Pembrolizumab also has alternative names MK-3475 and Lambrolizumab. Pembrolizumab is 

Immunoglobulin G4, anti-(human protein PDCD1 (programmed cell death 1)) (human-

Musmusculus monoclonal heavy chain), disulfide with human-Musmusculus monoclonal light 

chain, dimer 

 

Axitinib is also known as (E)-N-Methyl-2-((3-(2-(pyridin-2-yl)vinyl)-1H-indazol-6-

yl)thio)benzamide 

 

7. PRIOR ARTS: The opponent wishes to rely on the following prior arts as evidence in support 

of the grounds of opposition. 
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i. David J McEwan, “Emerging therapeutic aspects in oncology”; British 

Journal of Pharmacology; (2013) 169 1647–1651 – published August 2013 

(Annexed herewith as Annexure 2) 

 

ii. Anna Azvolinsky; “Evolution of Care in Advanced Kidney Cancer”; 

Targeted Therapies in Oncology, September 2013, Volume 2, Issue 5 – 

published September 19, 2013 (Annexed herewith as Annexure 3) 

 

iii. Rini et al, “Comparative effectiveness of axitinib versus sorafenib in 

advanced renal cell carcinoma (AXIS): a randomised phase 3 trial”; The 

Lancet; Vol 378 December 3, 2011 – published November 04, 2011 

(Annexed herewith as Annexure 4) 

 

iv. Yasuda et al., “Simultaneous blockade of programmed death 1 and vascular 

endothelial growth factor receptor 2 (VEGFR2) induces synergistic anti-

tumour effect in vivo”; Clinical and Experimental Immunology, 172: 500–

506 – published June 2013 (Annexed herewith as Annexure 5) 

 

v. WO2012135408A1 – published 04 October 2012 (Annexed herewith as 

Annexure 6) 

 

vi. INLYTA (axitinib) FDA Label – published 2012 (Annexed herewith as 

Annexure 7) 

 

8. It is submitted that the claims of impugned patent application are liable to be refused on 

following grounds as below, which are without prejudice to each other: 

 

a) Section 25(1)(e)– that the subject-matter claimed in the impugned 

application is obvious and clearly does not involve any inventive step. 

 

b) Section 25(1)(f)– that the subject of any claim of the complete specification, 

is not an invention within the meaning of this act or is not patentable under 

this act. 
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c) Section 25(1)(g)– that the complete specification of the impugned 

application does not sufficiently and clearly describe the invention or the 

method by which it is to be performed. 

 

d) Section 25(1)(h) - Failure to disclose the information required by section 8 

of the Patents Act. 

 
GROUND 1: Section 25(1)(e) Lack of Inventive step 

 

9. The Opponent states that the subject-matter of all the claims 1 to 14 of the impugned 

application lacks inventive merit and is obvious to a person skilled in the art in view of the 

prior art documents annexed in the instant pre-grant opposition. 

 

10. It is submitted that the invention as claimed is obvious and does not involve any inventive step, 

in view of the disclosures published prior to the earliest priority date of the impugned patent 

application i.e. prior to 04/02/2014. 

 

11. It is submitted that claims 1-14 of the impugned application lack inventive step and are obvious 

in view of common general knowledge in art and combined with teachings of the following: 

o David J McEwan, “Emerging therapeutic aspects in oncology”; British 

Journal of Pharmacology; (2013) 169 1647–1651 

o Anna Azvolinsky; “Evolution of Care in Advanced Kidney Cancer”; 

Targeted Therapies in Oncology, September 2013, Volume 2, Issue 5 

o Rini et al, “Comparative effectiveness of axitinib versus sorafenib in 

advanced renal cell carcinoma (AXIS): a randomised phase 3 trial”; The 

Lancet; Vol 378 December 3, 2011 

o Yasuda et al., “Simultaneous blockade of programmed death 1 and vascular 

endothelial growth factor receptor 2 (VEGFR2) induces synergistic anti-

tumour effect in vivo”; Clinical and Experimental Immunology, 172: 500–

506  

o WO2012135408A1 (WO’408) 

o INLYTA (axitinib) FDA Label 
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12. It is submitted that McEwan discloses an overview of the therapeutic options available and 

being explored for the treatment of various types of cancers at the time of publication i.e. till 

2013 which predates the priority date of the impugned application. The evolution of cancer 

therapies from an earlier time period till the present time is charted (Table 1, internal page 

1648) with an emphasis on the fact that in present times, treatments are more targeted towards 

the individual subtype or phenotype of cancer (section entitled “Today” Table 1, internal page 

1648). 

 

13. McEwan (Annexure 2) further discloses (Table 2, internal page 1649) discloses the examples of 

recent specifically targeted drugs used for cancer. Among the enlisted monoclonal antibodies in 

aforementioned table, the two antibodies specifically indicated for renal cell carcinoma is the 

antibody lambrolizumab (which is another name for Pembrolizumab), with the other being 

nivolumab. The target of both is disclosed to be PD-1 receptor. It is notable that no other 

monoclonal antibodies except those targeting PD-1 receptor are enlisted to be used for specific 

targeting of renal cell carcinoma. Thus, a preference for PD-1 targeting antibodies such as 

specifically listed Pembrolizumab is disclosed. 

 

14. Further, among the enlisted tyrosine kinase small molecule inhibitors, the only drug specifically 

indicated for renal cell carcinoma are the TKIAxitiniband sorafenib, with one of the target for 

both the aforementioned TKI’s being listed as VEGFR. 

 

15. Thus, McEwan clearly discloses and teaches that predating the priority date of the impugned 

application, a very limited number of options were available for treatment renal cell carcinoma, 

among which the two categories indicated were PD-1 receptor targeting monoclonal antibodies 

and tyrosine kinase small molecule inhibitors, among them VEGFR targeting TKI such as 

axitinib and sorafenib. Thus, a person skilled in the art would be motivated to consider the 

above combination for targeted treatment of cancer such as renal cell carcinoma. 

 

16. Azvolinsky (Annexure 3) discloses the clinical options that were being considered for the 

treatment of renal cell carcinoma before the priority date of the impugned application. It is 

disclosed that an effort was undertaken to sequence these therapies for the aforementioned 

cancer (para 1, page 1/ 4). 
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17. It is disclosed that among the targeted agent sequencing efforts, it has become apparent that 

although second-line and subsequent therapies become gradually less effective, axitinib, 

sorafenib, and everolimus are all options for second-line therapy (para 3, internal page 2/4). 

 

18. It is further disclosed that the only drug that has been tested exclusively in a second-line setting 

is axitinib, a VEGF inhibitor approved for metastatic RCC after failure of one systemic therapy 

(para 3, internal page 2/4). 

 

19. Significantly, it is disclosed that for patients who had previously failed sunitinib, axitinib 

significantly delayed PFS for 2.6 months longer comparedwith sorafenib(para 3, internal page 

2/4). 

 

20. Further, Azvolinsky also discloses that immunotherapy checkpoint agents, including 

lambrolizumab (synonym for pembrolizumab) is are currently in phase I trials for solid tumors 

(last para, internal page 2/ 4). 

 

21. Thus, Azvolinsky clearly teaches that among sunitinib and axitinib (which both target 

VEGFR),axitinib is clinical candidate of choice considered for those individuals who have failed 

sunitinib. Azvolinsky also importantly teaches that in such individuals, axitinib is indeed more 

effective as compared to another drug (sorafenib). Thus, even among TKI’s targeting VEGFR, 

Axitinib would be the preferred agent based on such clinical data. Further, azvolinsky also 

discloses that pembrolizumab was already in phase I trials for solid tumors and was thus known 

to be effective enough to be tested in such a trial.  

 

22. Rini et al. (Annexure 4) discloses the results of a randomised phase 3 study comparing axitinib, 

describes as a potent and selective second generation inhibitor of vascular endothelial growth 

factor (VEGF) receptors, with sorafenib, described as an approved VEGF receptor inhibitor, as 

second-line therapy in patients with metastatic renal cell cancer (Background, Summary, internal 

page 1931). It is disclosed that the trial included patients coming from 175 sites (hospitals and 

outpatient clinics) in 22 countries aged 18 years or older with confirmed renal clear-cell 

carcinoma who progressed despite first-line therapy containing sunitinib, bevacizumab plus 

interferon-alfa, temsirolimus, or cytokines (Methods, Summary, internal page 1931). 
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23. It is disclosed, among the findings of the trial, that in patients previously treated with sunitinib, 

median PFS was 4·8 months for axitinib and 3·4 months for sorafenib (internal page 1935, 

sentence bridging para 1 and 2). 

 

24. Further, it is disclosed that the preplanned subgroup analyses showed a significant superiority of 

axitinib over sorafenib in both previous sunitinib and previous cytokine treatment subgroups 

(discussion, second para, internal page, 1936). 

 

 

25. Rini et al. concludes that results from this phase 3 study of axitinib showed a statistically 

significant and clinically meaningful improvement in median PFS compared with sorafenib in 

patients with advanced renal cell carcinoma. 

 

26. Thus, it is evident from the disclosure of Rini et al. that Axitinib is clearly the superior 

therapeutic agent for the treatment of renal cell carcinoma in comparison to sunitinib and 

sorafenib. Rini et al. teaches a preference for choosing Axitinib over other agents for treatment 

of RCC.  

 

27. Yasuda et al., (Annexure 5) discloses the results of evaluated combining the blockade of PD-1 

and vascular endothelial growth factor receptor 2 (VEGFR2) in a murine cancer model using 

Colon-26 adenocarcinoma (Summary, internal page 500). 

 

28. The results of this study showed that treatment with anti-VEGFR2 mAb or combination therapy 

inhibited the development of tumourmicrovessels significantly compared with control (last para, 

internal page 502) 

 

29. Further, it is reported that treatment with anti-PD-1 mAb or combination therapy induced a 

significant increase in the expression of interferon (IFN)-γ, tumour necrosis factor (TNF)-α 

andgranzyme B in comparison with control (Fig. 5). Thus, PD-1 blockade enhanced T cell 

recruitment and activated local immune status, thereby resulting in tumour reduction (para 

bridging left and right columns, internal page 503) 

 

30. It is concluded that the study shows, for the first time, thatthe combination of PD-1 and VEGFR2 

had induced a synergistic in-vivo anti-tumour effect without overt toxicity (last para, internal 
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page 505). 

 

31. Thus, Yasuda et al. clearly discloses and teaches that a combination of PD-1 and VEGFR 

displays synergistic in-vivo anti-tumor effect without overt toxicity and this approach warrants 

further investigation. 

 

32. Thus, a combined teaching of the prior arts (Annexure 2-5) teaches that for the treatment of 

cancer (especially renal cell carcinoma) targeted therapies were investigated and the options 

included PD-1 targeting monoclonal antibodies and VEGFR targeting tyrosine kinase inhibitors. 

Annexure 2 teaches that mong the monoclonal antibodies, PD-1 targeting antibody such as 

pembrolizumab was available and among VEGFR inhibiting TKI inhibitors molecule such as 

axitinib was available. Annexure 3 and Annexure 4 teach that among the tyrosine kinase 

inhibitors that target VEGFR, the drug axitinib is the second line therapy for individuals who 

have not had success with sunitnib. The drug axitinib was found to be clearly superior to another 

TKI sorafenib, thus indicating preference for axitinib. The prior art Annexure 5 teaches that 

combination of PD-1 and VEGFR displays synergistic in-vivo anti-tumor effect without overt 

toxicity. Thus, a combined teaching of all of the above prior art very clearly teaches that a 

combination of PD-1 inhibitor (such pembrolizumab) and VEGFR inhibitor (axitinib) would be 

effective for targeted treatment of cancer such as renal cell carcinoma. Thus, claim 1, which 

claims a medicament comprising an antagonist of a Programmed Death 1 protein (PD-1) for use 

in combination with a vascular endothelial growth factor receptor (VEGFR) inhibitor for treating 

a cancer in an individual, is clearly obvious in view of Annexures 2-5. 

 

Claim 2 lacks inventive step in view of Annexures 2-5 

 

33. Claim 2 claims a medicament comprising a VEGFR inhibitor, which is axitinib, for use in 

combination with PD-1 antagonist monoclonal antibody for treating cancer. As discussed in 

preceding paragraph, the combination of VEGFR inhibitor (preferentially axitinib) and 

monoclonal antibody (pembrolizumab) is clearly taught by a combined reading of prior arts 

Annexures 2-5. Thus, claim 2 is also obvious in view of Annexures 2-5. 
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Claims 3-6 lack inventive step in view of Annexures 2-5 

 

34. Claims 3 depends on claim 1 or 2, where the individual is a human. Since the Annexures 2-4 

describe clinical outcomes of studies in humans, it is more than apparent that pembrolizumab 

and axitinib are used to treat cancer in humans. Their combination, administered to treat humans 

is thus clearly obvious. 

 

35. Claims 4-5 do not recite any technical features of the invention. Thus, the features of these 

claims are not pertinent to working of invention. Dependent claim 6 claims a medicament 

wherein the PD-1 antagonist is pembrolizumab and the VEGFR inhibitor is axitinib. In view of 

Annexures 2-5, it is clearly obvious to preferentially combine PD-1 antagonist pembrolizumab 

and VEGFR inhibitor axitinib. Hence claim 6 also lacks inventive step. 

 

Claim 7 lacks inventive step in view of WO2012135408A1 andINLYTA (axitinib) FDA 

Label 

 

36. Claim 7 claims the pembrolizumab is formulated as a liquid medicament which comprises 25 

mg/ml pembrolizumab, 7% (w/v) sucrose, 0.02% (w/v) polysorbate 80 in 10 mMhistidine buffer 

pH 5.5 and axitinib is formulated as a 1 mg tablet or a 5 mg tablet. 

 

37. The prior art WO’408 pertains to stable formulations of antibodies against human programmed 

death receptor PD-1. WO’ discloses the formulation of antibody h409A11 including final liquid 

formulation comprising 7% sucrose, 0.02% polysorbate 80, and 25 mg/mL h409A11(para 

[00119], internal page 27). This antibody (h409A11) is pembrolizumab as evidenced from the 

data presented in paras [00161]-[00163], (internal page 37-38). There, the formulation of 

pembrolizumab disclosed in WO’408 is identical as the one claimed in claim 7. 

 

38. Further, the FDA label of INLYTA (axitinib), published 2012, discloses the dose of axitinib to 

be 1 mg and 5 mg tablets (description, internal page 11), which is the same as that claimed in 

claim 7. Thus, all features of claim 7 are disclosed in Annexure 6 and Annexure 7. Since it is 

already established that it would be obvious to combine the PD-1 antagonist pembrolizumab and 

VEGFR inhibitor axitinib, it would be obvious to arrive at a combination of the formulation of 

pembrolizumab with well-known tablet dose form of axitinib. Hence claim 7 lacks inventive 
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step. 

 

Claim 8-13 lack inventive step in view of Annexures 2-7 

 

39. Claim 8 relates to a kit which comprises a first container, a second container and a package insert 

with the first container comprising PD-1 protein, second container comprising VEGFR inhibitor 

and package insertcomprising instructions for treating an individual for cancer. Claims 9-13 

depend on claim 8. Neither independent claim 8, nor claims 9-13 that depend from it, defines any 

technical features. Further, in view of the combination of a PD-1 targeting monoclonal antibody 

and VEGFR inhibitor being obvious as established in preceding paragraphs, the claims directed 

to a kit are obvious and do not involve any inventive step. 

 

Claim 14 lacks inventive step in view of Annexures 2-7 

 

40. Claim 14 is directed to a medicament comprising both drugs (pembrolizumab and axitinib)for 

use in combination and where the pembrolizumab is in the form of a liquid medicament which 

comprises 25 mg/ml pembrolizumab and axitinib is in the form of 1 mg tablet or a 5 mg tablet. It 

is humbly submitted that the motivation to combine a PD-1 targeting monoclonal antibody (such 

as pembrolizumab) with a VEGFR inhibitor (axitinib) is already established from annexures 2-5. 

Further, the annexures 6-7 disclose the formulation of PD-1 antibody (pembrolizumab) and the 

tablet form with specific dose 1 mg and 5 mg of axitinib respectively. Thus, all features of claim 

14 are disclosed from prior art annexures 2-7. Claim 14 is thus obvious in view of annexures 2-7. 

 

41. In view of the above, the subject matter of the present application is obvious and lacks inventive 

merit, hence the application ought to be rejected on this ground alone. 

 

42. It is humbly submitted that the claimed invention is directed to a medicament comprising an 

antagonist of a Programmed Death 1 protein (PD-1) for use in combination with a vascular 

endothelial growth factor receptor (VEGFR) inhibitor for treating a cancer in an individual.     

 

43. The complete specification of the impugned application includes example 1, which is a study to 

evaluate the efficacy of a combination of axitinib and MK-3475 in human patients with RCC 

(para [00159]-[00169], internal page 36-37). However, it is evident that said no actual outcome 
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or conclusions about the efficacy of the aforementioned combination from the said study are 

demonstrated in the specification. The only data demonstrated by Applicant is through post-

priority publications submitted with the response to the FER. Since the Applicant is required to 

demonstrate the possession of the invention at the time of filing, such data should have been 

included in the specification as filed. Further, it is evident that both pembrolizumab and axitinib 

do not exist as a single product as per the specification, but simply as two separate products 

which are administered to individuals with cancer. Since both drugs were already known to 

efficacious for treatment of cancer, it was incumbent upon the Applicant to demonstrate 

enhanced efficacy data of this combination over the individual effect of both therapeutic agents. 

Such data is completely absent from the specification. 

 

44. Without prejudice to the above, the Opponent knows that the Applicant has submitted the 

following documents in their FER response by which the Applicant is trying to establish that the 

claimed combination provides new and unexpected results: 

 

45. Atkins et. al., “Axitinib in Combination with Pembrolizumab in Patients with Advanced Renal 

Cell Carcinoma,” presented at the European Society of Medical Oncology (ESM), October 7 to 

11, 2016, Copenhagen Denmark. This publication relates to preliminary safety and efficacy 

results for the combination of axitinib with pembrolizumab in patients with advanced renal cell 

carcinoma. According to the Applicant, the data presented therein, showing that 37 (71.2%) 

patients had confirmed objective response and 10 (19.2%) patients had stable disease after 

treatment with axitinib and pembrolizumab, is a demonstration of efficacy in humans, of claimed 

combination. However, this publication does not present any comparative data of claimed 

combination against other anti-cancer agents, let alone a combination of other PD-1 agents and 

VEGFR inhibitors. Hence there is no way to ascertain whether the combination is more 

efficacious when compared to other agents. 

 

46. Procopioet. al., “Combination therapies for patients with metastatic renal cell carcinoma,” 

Lancet, 19:281-283 (2018). This document was published as a comment on various combination 

therapies for patients with metastatic renal cell carcinoma. It reports on the results of a phase lb 

trial published in The Lancet Oncology (Author: Michael B Atkins) primarily designed to assess 

the feasibility of the combination of pembrolizumab and axitinib as first-line treatment in 
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patients with metastatic renal cell carcinoma (para 3, internal page 282). The Applicant has 

stated in its FER response that Procopioet. al. describes the clinical data as “impressive” and note 

the “synergistic and additive effect of the study combination.” However, the Applicant has 

misleadingly shown a truncated statement from the publication. The actual statement reads as 

“Are the impressive clinical data from this trial related to the synergistic and additive effect of 

the study combination or would the results be the same with a sequential use of the two drugs? 

This question cannot be answered at present; however, the 8% of patients reported in Atkins and 

colleagues" study who had a complete response suggests that this combination could be very 

promising.” Thus, the purported synergistic and additive effect highlighted by Applicant is not 

definitive as per the document itself. Further, the study which is referenced in Procopio et al. is 

again not a comparative study. Therefore, no conclusion can be drawn about whether this 

claimed combination is more efficacious than other anti-cancer drugs in combination. 

 

47. Joshi et. al., “ASCO GU 2018: Safety and Efficacy of Axitinib in Combination with 

Pembrolizumab in Patients with Advanced Renal Cell Cancer”. This publication references the 

open-label, phase 1b trial studying the safety/efficacy of axitinib in combination with 

pembrolizumab in patients with metastatic renal cell carcinoma by Michael B. Atkins. The 

Applicant has stated in its FER response that “Joshi et. al. describes the results of Atkins et. al. as 

presenting “impressive statistics with promisingly durable treatment responses. The waterfall 

plot below shows the distribution of responses, with most exhibiting some effect.” (refer, page 2 

of Joshi et.al.). The results are both surprising and encouraging.”. However, the publication Joshi 

et al. also states (para 2, internal page 2/ 2), while discussing the positive results, that “Yet to be 

answered is whether this response requires co-administration of axi+pembro, or if sequential 

administration may also lead to similar response rates”. Therefore, even a post-priority document 

does not rule out the possibility that both drugs may not in fact need to be given together to 

individuals suffering from cancer. This is in clear contradiction to the impugned application, 

which is claiming both drugs for use in combination. Further, other PD-1 targeting monoclonal 

antibody (nivolumab) was known in the prior art (refer document Annexure 2). It is not known 

whether the claimed combination is better than the combination of other PD-1 targeting antibody 

(such as nivolumab) in combination with with a VEGFR targeting TKI, as the Atkins trial does 

not test the claimed combination against other such combinations. Therefore, in absence of such 

data, no technical advancement can be established.  



 

 

 

18 
 

 

 

48. Riniet. al., (“Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell 

Carcinoma,” N. Engl. J. Med. (2019) e-published February 16, 2019. This publication describes 

reports the results of an open-label, phase 3 trial. The FER reply includes a statement from Rini 

et al. that “[a]mong patients with previously untreated advanced renal-cell carcinoma, treatment 

with pembrolizumab plus axitinib resulted in significantly longer overall survival and 

progressionfree survival, as well as a higher objective response rate, than treatment with 

sunitinib.” However, the prior art already Azvolinsky already discloses thatfor patients who had 

previously failed sunitinib, axitinib significantly delayed PFS for 2.6 months longer compared 

with sorafenib (para 3, internal page 2/4). Further the prior art Rini et al. cited herein (Annexure 

4) discloses that the preplanned subgroup analyses showed a significant superiority of axitinib 

over sorafenib in both previous sunitinib and previous cytokine treatment subgroups (discussion, 

second para, internal page, 1936). This clearly indicates that axitinib was known to be indicated 

for individuals unresponsive to sunitinib. It was already a known choice for such individuals and 

thus, a trial evaluating the effectiveness of a combination incorporating axitinib against sunitinib 

would anyway have a higher likelihood of success given the teaching of prior art in this regard. 

Further, the Rini et al. trial evaluated a combination of two agents against one other therapeutic 

agent and not against another combination of drugs, let alone against a combination of a PD-1 

targeting monoclonal antibody and a VEGFR inhibitor. 

 

49. Domblideset. al., “Emerging antiangiogenics for renal cancer,” Expert Opinion on Emerging 

Drugs 18(4):495-511 (2013). This document has a publication date pre-dating the priority date of 

the impugned application and was submitted along with the FER response, purportedly to show 

that selection of axitinib was not definitively taught in prior art and that the person skilled in the 

art had a huge range of TKI’s to choose from with no clear pointer towards axitinib. However, 

this document itself discloses (internal page 499) that, in the AGILE trial, the primary end point 

was a strict superiority of axitinib, with an HR of 0.78. It is reported that even though this study 

did not reach statistical significance, in the pre-planned subgroupof patients with good 

performance status (PS = 0), the median PFS reported was significantly superior in the axitinib 

group of patients with 13.7 months (95% CI: 10.1 - 19.4) and 6.6 months (95% CI: 4.7 - 9.9) in 

the sorafenib group (HR = 0.64, 95% CI:0.42 - 0.99, p = 0.022). Thus, even this publication (and 

the prior arts cited herein) indicate that axitinib demonstrated superiority as compared to other 
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TKI’s and would be chosen for investigating a combination with other drugs. As per Annexure 2, 

one of only two preferred VEGFR targeting TKI’s drugs for renal cell carcinoma was axitinib. 

Thus there was a clear preference for axitinib already known in prior art.   Thus, this publication 

does not invalidate the fact that a preference for axitinib in RCC was known in the art.  

 

50. Dorff et al., “Novel tyrosine kinase inhibitors for renal cell carcinoma,” Expert Rev. Clin. 

Pharmacol. 7(1):67-73 (2014). This review publication discussesnovel tyrosine kinase inhibitors 

for renal cell carcinoma, and especially five TKI’s in development for RCC which are tívozanib; 

dovitinib; regorafenib; cabozantinib; and tivantinib. This publication, purportedly cited by 

Applicant to show the other TKI’s being considered for RCC does not invalidate the prior art 

cited herein by opponent showing a clear preference for axitinib, especially for renal cell 

carcinoma. As already contended above, Annexure 2 shows that, one of only two preferred 

VEGFR targeting TKI’s drugs for renal cell carcinoma was axitinib. Thus there was a clear 

preference for axitinib already known in prior art.   Thus, this publication does not invalidate the 

fact that a preference for axitinib in RCC was known in the art. 

 

51. In light of all the publications discussed above, it is apparent that the Applicant has failed to 

establish that this particular invention has any technical advancement or provides any technical 

contribution to the field of the invention. 

 

GROUND 2: Claims not patentable under Section 25(1)(f) 

 

The claimed subject matter in not patentable under Section 3(e) of the Act 

 

 

52. It is submitted that the impugned patent application falls within the purview of section 3(e) of the 

Patents Act, 1970 which states that “a substance obtained by a mere admixture resulting only in 

the aggregation of the properties of the components thereof or a process for producing such 

substance”. 

 

53. The two therapeutic agents, pembrolizumab (MK-3475) and axitinib, were well-established as 

agents used in the treatment of cancer predating the priority date of the impugned application, as 

evidenced from the prior art. Since the claims are directed to a combination of the 

aforementioned agents, evidence for synergistic effect of the above combination in treatment of 
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cancer should have been demonstrated in the specification itself.  

 

54. The impugned application contains no experimental data to establish any such synergistic effect 

with the combined use of pembrolizumab (MK-3475) and axitinib. The example included in the 

impugned application is study to evaluate the efficacy of a combination of axitinib and MK-3475 

in human patients with RCC (para [00159]-[00169], internal page 36-37). However, the outcome 

of said study are absent from the specification. Thus, the impugned application fails to establish 

any synergy resulting from the combination of pembrolizumab and axitinib. The claimed 

combination therapy is thus exclusively based on the well-known facts that pembrolizumab 

(MK-3475) is an effective anti-PD-1 antibody and axitinib is an effective VEGFR inhibitor. 

 

55. It is submitted that, as contended previously, the data for a synergistic effect of a claimed 

combination ought to be clearly demonstrated in the specification as-filed. The post-priority data 

submitted by the Applicant ought not to be considered for establishing said effect which is absent 

from the specification.  

 

56. Further, the Applicant has submitted various documents in support of the claimed combination 

of the impugned application. These documents do not demonstrate a synergistic effect as will be 

discussed below: 

 

57. Atkins et. al., “Axitinib in Combination with Pembrolizumab in Patients with Advanced Renal 

Cell Carcinoma,” presented at the European Society of Medical Oncology (ESM), October 7 to 

11, 2016, Copenhagen Denmark. This publication relates to preliminary safety and efficacy 

results for the combination of axitinib with pembrolizumab in patients with advanced renal cell 

carcinoma. According to the Applicant, the data presented therein, showing that 37 (71.2%) 

patients had confirmed objective response and 10 (19.2%) patients had stable disease after 

treatment with axitinib and pembrolizumab, is a demonstration of efficacy in humans, of claimed 

combination. However, this publication does not present any comparative data of claimed 

combination against other anti-cancer agents, let alone a combination of other PD-1 agents and 

VEGFR inhibitors. Hence there is no way to ascertain whether the combination is more 

efficacious when compared to other agents. 
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58. Rothermundtet. al.,“Successful treatment with an anti-PD-1 antibody for progressing brain 

metastases in renal cell cancer,” Annals of Oncology, 25:544-552 (2016). This publication 

pertains to case report of an individualclear-cell renal cell cancer (ccRCC) with metastases, who 

underwent several treatments in the course of her illness(para 1, 2 and 3, internal page 544). It is 

disclosed that Upon systemic and central nervous system (CNS) progression 5 months later 

following treatment with another monoclonal antibody (bevaciumab),  treatment with axitinib 

was started—achieving partial response (PR). However, after 4 months, in March 2015, further 

systemic and CNS progression was documented. Subsequent to this, treatment with 

pembrolizumab, was initiated. After four infusions, the patient experienced complete resolution 

of lung metastases, stabilization of other metastases. Importantly, regression of all brain 

metastases was documented on magnetic resonance imaging. It is important to note here (a point 

which the Applicant has omitted from its FER reply) that axitinib treatment and pembrolizumab 

treatment were not given simultaneously to this individual. The pembrolizumab treatment started 

four (4) whole months after the individual was already on a regiman of axitinib alone. In fact, the 

pembrolizumab was initiated when the patient exhibited further systemic and CNS progression 

after being on axitinib alone for 4 months. Thus, no synergy is demonstrated as there is no 

concurrent administration. Thus, this publication is not an evidence supporting the claimed 

combination. 

 

59. Procopioet. al., “Combination therapies for patients with metastatic renal cell carcinoma,” 

Lancet, 19:281-283 (2018). This document was published as a comment on variouscombination 

therapies for patients with metastatic renal cell carcinoma. It reports on the results of a phase lb 

trial published in The Lancet Oncology (Author: Michael B Atkins) primarily designed to assess 

the feasibility of the combination of pembrolizumab and axitinib as first-line treatment in 

patients with metastatic renal cell carcinoma (para 3, internal page 282). The Applicant has 

stated in its FER response that Procopioet. al. describes the clinical data as “impressive” and note 

the “synergistic and additive effect of the study combination.” However, the Applicant has 

misleadingly shown a truncated statement from the publication. The actual statement reads as 

“Are the impressive clinical data from this trial related to the synergistic and additive effect of 

the study combination or would the results be the same with a sequential use of the two drugs? 

This question cannot be answered at present; however, the 8% of patients reported in Atkins and 

colleagues" study who had a complete response suggests that this combination could be very 
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promising.” Thus, the purported synergistic and additive effect highlighted by Applicant is not 

definitive as per the document itself. Further, the study which is referenced in Procopio et al. is 

again not a comparative study. Therefore, no conclusion can be drawn about whether this 

claimed combination is more efficacious than other anti-cancer drugs in combination. 

 

60. Joshi et. al., “ASCO GU 2018: Safety and Efficacy of Axitinib in Combination with 

Pembrolizumab in Patients with Advanced Renal Cell Cancer”. This publication references the 

open-label, phase 1b trial studying the safety/efficacy of axitinib in combination with 

pembrolizumab in patients with metastatic renal cell carcinoma by Michael B. Atkins. The 

Applicant has stated in its FER response that “Joshi et. al. describes the results of Atkins et. al. as 

presenting “impressive statistics with promisingly durable treatment responses. The waterfall 

plot below shows the distribution of responses, with most exhibiting some effect.” (refer, page 2 

of Joshi et.al.). The results are both surprising and encouraging.” However, the publication Joshi 

et al. also states (para 2, internal page 2/ 2), while discussing the positive results, that “Yet to be 

answered is whether this response requires co-administration of axi+pembro, or if sequential 

administration may also lead to similar response rates”. Therefore, even a post-priority document 

does not rule out the possibility that both drugs may not in fact need to be given together to 

individuals suffering from cancer. This is in clear contradiction to the impugned application, 

which is claiming both drugs for use in combination. Further, other PD-1 targeting monoclonal 

antibody (nivolumab) was known in the prior art (refer document Annexure 2). It is not known 

whether the claimed combination is better than the combination of other PD-1 targeting antibody 

(such as nivolumab) in combination with with a VEGFR targeting TKI, as the Atkins trial does 

not test the claimed combination against other such combinations. Therefore, in absence of such 

data, no technical advancement can be established. 

 

61. Riniet. al., (“Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell 

Carcinoma,” N. Engl. J. Med. (2019) e-published February 16, 2019. This publication describes 

reports the results of an open-label, phase 3 trial. The FER reply includes a statement from Rini 

et al. that “[a]mong patients with previously untreated advanced renal-cell carcinoma, treatment 

with pembrolizumab plus axitinib resulted in significantly longer overall survival and 

progression free survival, as well as a higher objective response rate, than treatment with 

sunitinib.” However, the prior art already Azvolinsky already discloses thatfor patients who had 
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previously failed sunitinib, axitinib significantly delayed PFS for 2.6 months longer compared 

with sorafenib (para 3, internal page 2/4). Further the prior art Rini et al. cited herein (Annexure 

4)discloses that the preplanned subgroup analyses showed a significant superiority of axitinib 

over sorafenib in both previous sunitinib and previous cytokine treatment subgroups (discussion, 

second para, internal page, 1936).This clearly indicates that axitinib was known to be indicated 

for individuals unresponsive to sunitinib and the superiority of axitinib over sunitinib. It was 

already a known choice for such individuals and thus, a trial evaluating the effectiveness of a 

combination incorporating axitinib against sunitinib would anyway have a higher likelihood of 

success given the teaching of prior art in this regard. Further, the Rini et al. trial evaluated a 

combination of two agents against one other therapeutic agent and not against another 

combination of drugs, let alone against a combination of a PD-1 targeting monoclonal antibody 

and a VEGFR inhibitor. 

 

62. Therefore, the alleged invention is nothing but an admixture of the two active components with 

aggregation of their known anticancer properties. 

 

63. Thus, it is submitted that the impugned application falls within the purview of section 3(e) of the 

Patents Act, 1970 and should be refused on the said ground. 

 

The claimed subject matter in not patentable under Section 3(i) of the Act 

 
64. It is submitted that the impugned patent application falls within the purview of section 3(i) of the 

Patents Act, 1970 which states that “any process for the medicinal, surgical, curative, 

prophylactic [diagnostic, therapeutic] or other treatment of human beings or any process for a 

similar treatment of animals to render them free of disease or to increase their economic value 

or that of their products.” 

 

 

65. It is submitted that the claimed invention relates to a combination of PD-1 targeting monoclonal 

antibody pembrolizumab and VEGFR targeting small molecule axitinib. However, as per the 

alleged invention, both drugs do not exist as part of a single product. The pembrolizumab is a 

formulated as a liquid, while the axitinib is present in the form of a tablet. The two agents are 

administered separately to cancer patients for treatment. The invention is therefore nothing more 
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than a method of treatment.    

 

66. Further, the Applicant has cited Rothermundtet. al.,“Successful treatment with an anti-PD-1 

antibody for progressing brain metastases in renal cell cancer,” Annals of Oncology, 25:544-552 

(2016) in support of their application. This publication pertains to case report of an 

individualclear-cell renal cell cancer (ccRCC) with metastases, who underwent several 

treatments in the course of her illness (para 1, 2 and 3, internal page 544). It is disclosed that 

Upon systemic and central nervous system (CNS) progression 5 months later following 

treatment with another monoclonal antibody (bevaciumab), treatment with axitinib was started—

achieving partial response (PR). However, after 4 months, in March 2015, further systemic and 

CNS progression was documented. Subsequent to this, treatment with pembrolizumab, was 

initiated. After four infusions, the patient experienced complete resolution of lung metastases, 

stabilization of other metastases. Importantly, regression of all brain metastases was documented 

on magnetic resonance imaging. It is important to note here (a point which the Applicant has 

omitted from its FER reply) that axitinib treatment and pembrolizumab treatment were not given 

simultaneously to this individual. The pembrolizumab treatment started four (4) whole months 

after the individual was already on a regiman of axitinib alone. In fact, the pembrolizumab was 

initiated when the patient exhibited further systemic and CNS progression after being on axitinib 

alone for 4 months. Thus, it is clear that there is no concurrent administration of the two 

agentsaxitinib and pembrolizumab. The combination is this only a treatment protocol. Therefore, 

the claimed combination is nothing but a method of treatment. This publication is therefore not 

an evidence supporting the claimed combination. 

 

67. Thus, it is humbly submitted that the impugned application falls within the purview of section 

3(i) of the Patents Act, 1970 and should be refused on the said ground. 

 

Ground 3: Claims not patentable under Section 25(1)(g) 

 

68. It is submitted that complete specification does not sufficiently and clearly describe the invention 

or the method by which it is to be performed. 

 

69. It is submitted that it is a well settled law that the specification should clearly and fairly describe 
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the invention and disclose the best mode of working the invention so that the person skilled in 

the art could perform the invention without any undue efforts. Further, it is submitted that claims 

of impugned application are not fairly based on the specification and the complete specification 

does not fairly describe the invention and the method by which it is to be performed. 

 

70. Lack of sufficiency of disclosure in relation to Claims 1-14: The claims of the impugned 

application are directed to combination therapies comprising two agents, pembrolizumab (MK-

3475) and axitinib, that were known as anti-cancer agents prior to the impugnedapplication. As 

noted above, the impugned application does not contain any data to demonstrate efficacy of the 

claimed combination in any experimental setting and certainly not in the treatment of human 

cancer. The impugned application comprises a single Example 1, which merely describes the 

design of a study protocol for the treatment of patients with renal cell carcinoma (RCC) with a 

combination of axitinib and MK-3475. Example 1 of the impugned application describes nothing 

more than a study design on paper. It follows that the claims must be found insufficient. 

 

71. During prosecution, the Applicant sought to rely on post-published data for evidence of a 

technical effect. The Applicant submitted this post-published data to remedy the deficiencies in 

the as-filed specification, which is not permissible under the Act. It is important to take notice of 

the fact that a Patentee or an Applicant is required to show workability of an invention at the 

time of filing of the complete specification. Having failed to provide such disclosure/information 

raises serious doubts on whether or not the Applicant actually possessed the invention at the time 

of filing the complete specification. It is established case law that post-filed data cannot be used 

in order to establish plausibility of claimed therapeutic effect. Instead, post-published data can 

only be used to back-up and confirm a therapeutic effect that is already plausibly disclosed in the 

application as filed. In the instant case, there are absolutely no data in the impugned application 

demonstrating therapeutic efficacy for the claimed combination. The only example (Example 1) 

included in the impugned application is a study protocol for the testing of a combination of MK-

3475 and axitinib in renal cell carcinoma patients. Noresults are presented. Therefore, such 

insufficiency of the impugned application could not be cured by filing post-published 

evidence/clinical data. 
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72. Hence, the claimed subject-matter is not sufficiently disclosed by the specification of the 

impugned application, which is a defect that cannot be fixed by post-published evidence. 

 

73. Claims 1, 2, 8, 12 and 14 are not enabled: The independent claims 1, 2, 8 and 14 extend to the 

treatment of all cancers. As evidenced by dependent claim 12, treatment extends to a variety of 

solid tumors. Claim 12 provides a long list of various, very different cancers. Accordingly, to 

sufficiently disclose the therapeutic effect in the treatment of all these specific, very different 

cancers, it would need to be plausible for the skilled person thatthe claimed combination therapy 

achieves a therapeutic effect in the treatment of all of these specific cancers. However, there is 

no evidence in the impugned application to render it credible that a therapeutic efficacy will be 

achieved in any cancer type. As noted above, there are absolutely no data in the impugned 

application demonstrating therapeutic efficacy for the claimed combination in any cancer type. 

As discussed extensively above, the examples of the impugned application include nothing more 

than a study protocol. It is thus not plausible that any cancer can be treated with the claimed 

combination therapy. Therefore, the subject-matter of claims 1, 2, 8, 12 and 14 is insufficiently 

disclosed, which is a defect that, as already noted above, cannot be fixed by post-published 

evidence. 

 

Ground 5: Information Relating To Corresponding Applications Under Section 8 section 

25(1)(h) 

 

74. The Applicant has failed to disclose to the Patent Office the information required under Section 

8. The Applicant is required to provide all the information regarding the prosecution of the 

equivalent applications till the grant of the Indian application to the Patent Office in writing from 

time to time and also within the prescribed time. 

 

75. It is observed that Applicant has not provided information about updated the status of 

corresponding application in the Form-3 which information has not been provided to the learned 

Controller. 

 

76. Therefore, the applicant has failed to comply with the requirements of the section 8 of the act 

and the opponent demands rejection on this ground also. 
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77. It is submitted that the Applicant has failed to disclose the details of corresponding foreign 

applications and impugned patent application to be refused. 

 

78. The opponents crave leave to file further submissions and evidence with respect to this ground. 

 

Conclusion 

79. In view of the above, the claims are not novel, inventive and not patentable and insufficient. The 

pre-grant opposition as filed may be allowed and the subject patent application may be refused. 

 

Hearing Requested 

 

80. The Opponent hereby requests a hearing under section 25(1) of the Patents Act, 1970 

(hereinafter referred to as “the Patents Act”) and Rule 55 of the Patents Rules (hereinafter 

referred to as “the Rules”). 

 

P R A Y E R 

 

In the fact and circumstances of the case, the Opponent prays as follows: 

 

i. that the Controller take the present Opposition on record; that the Indian application 

201617025251, be rejected under Section 25(1) of the Patents (Amendment) Act, 2005; 

 

ii. that the Opponent may be allowed to file further documents and evidence if necessary to 

support their averments; 

 

iii. that the Opponent may be allowed to file rejoinder and affidavit if necessary to support 

their averments; 

 

iv. that the Opponent may be granted an opportunity of being heard in the matter before any 

final orders are passed; 

 

v. that the Opponent may be allowed to make further submissions in case the Patentee 

makes any amendments in the claims; 
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vi. any other reliefs considering the facts and circumstances may be granted in favour of the 

Opponent in the interest of justice. 

 

Dated this 19th day of September, 2023   

 
PRAGYA SINGH THAKUR (IN /PA – 3329) 

OF RAJESHWARI AND ASSOCIATES 

AGENT FOR THE OPPONENT 

TO, 

THE CONTROLLER OF PATENTS 

THE PATENT OFFICE, NEW DELHI 
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I/We Claim: 

1. A medicament comprising an antagonist of a Programmed Death 1 protein (PD-1) for use 

in combination with a vascular endothelial growth factor receptor (VEGFR) inhibitor for 

treating a cancer in an individual, wherein the PD-1 antagonist is an anti-PD-1 monoclonal 

antibody which comprises a heavy chain and a light chain, wherein the heavy and light 5 

chains comprise SEQ ID NO:21 and SEQ ID NO:22, respectively, and further wherein the 

VEGFR inhibitor is N-methyl-2-[3-((E)-2-pyridin-2-yl-vinyl)-1H-indazol-6-ylsulfanyl]-

benzamide or a pharmaceutically acceptable salt thereof. 

 

2. A medicament comprising a vascular endothelial growth factor receptor (VEGFR) inhibitor 10 

for use in combination with an antagonist of a Programmed Death 1 protein (PD-1) for 

treating a cancer in an individual, wherein the VEGFR inhibitor is N-methyl-2-[3-((E)-2-

pyridin-2-yl-vinyl)-1H-indazol-6-ylsulfanyl]-benzamide or a pharmaceutically acceptable 

salt thereof, and further wherein the PD-1 antagonist is an anti-PD-1 monoclonal antibody 

which comprises a heavy chain and a light chain, wherein the heavy and light chains 15 

comprise SEQ ID NO:21 and SEQ ID NO:22. 

 

3. The medicament as claimed in claim 1 or 2, wherein the individual is a human. 

 

4. The medicament as claimed in any one of claims 1 to 3, wherein the cancer is a solid tumor 20 

that tests positive for Programmed Death-Ligand 1 (PD-L1) expression by an 

immunohistochemical (IHC) assay.  

 

5. The medicament of any as claimed in claims 1 to 3, wherein the cancer is renal cell 

carcinoma. 25 

 

6. The medicament as claimed in any one of claims 1 to 5, wherein the PD-1 antagonist is 

pembrolizumab and the VEGFR inhibitor is axitinib. 

 

29
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7. The medicament as claimed in claim 6, wherein the pembrolizumab is formulated as a liquid 

medicament which comprises 25 mg/ml pembrolizumab, 7% (w/v) sucrose, 0.02% (w/v) 

polysorbate 80 in 10 mM histidine buffer pH 5.5 and axitinib is formulated as a 1 mg tablet 

or a 5 mg tablet. 

 5 

8. A kit which comprises a first container, a second container and a package insert, wherein the 

first container comprises at least one dose of a medicament comprising an antagonist of a 

Programmed Death 1 protein (PD-1), the second container comprises at least one dose of a 

medicament comprising a vascular endothelial growth factor receptor (VEGFR) inhibitor, 

and the package insert comprises instructions for treating an individual for cancer using the 10 

medicaments, wherein the PD-1 antagonist is an anti-PD-1 monoclonal antibody which 

comprises a heavy chain and a light chain, wherein the heavy and light chains comprise SEQ 

ID NO:21 and SEQ ID NO:22, respectively, and further wherein the VEGFR inhibitor is N-

methyl-2-[3-((E)-2-pyridin-2-yl-vinyl)-1H-indazol-6-ylsulfanyl]-benzamide or a 

pharmaceutically acceptable salt thereof. 15 

 

9. The kit as claimed in claim 8, wherein the instructions state that the medicaments are 

intended for use in treating an individual having a cancer that tests positive for Programmed 

Death-Ligand 1 (PD-L1) expression by an immunohistochemical (IHC) assay. 

 20 

10. The kit as claimed in claim 8 or 9, wherein the individual is a human. 

 

11. The kit as claimed in any one of claims 8 to 10, wherein the PD-1 antagonist is 

pembrolizumab formulated as a liquid medicament and the VEGFR inhibitor is axitinib 

formulated as a 1 mg tablet or a 5 mg tablet. 25 

 

12. The use or kit as claimed in any one of claims 1-4 or 6-10, wherein the cancer is bladder 

cancer, breast cancer, clear cell kidney cancer, head/neck squamous cell carcinoma, lung 

squamous cell carcinoma, malignant melanoma, non-small-cell lung cancer (NSCLC), 

ovarian cancer, pancreatic cancer, prostate cancer, renal cell cancer, small-cell lung cancer 30 

30
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(SCLC), triple negative breast cancer, acute lymphoblastic leukemia (ALL), acute myeloid 

leukemia (AML), chronic lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), 

diffuse large B-cell lymphoma (DLBCL), follicular lymphoma, Hodgkin’s lymphoma (HL), 

mantle cell lymphoma (MCL), multiple myeloma (MM), myeloid cell leukemia-1 protein 

(Mcl-1), myelodysplastic syndrome (MDS), non-Hodgkin’s lymphoma (NHL), or small 5 

lymphocytic lymphoma (SLL). 

 

13. The use or kit as claimed in any one of the above claims, wherein the cancer is advanced 

renal cell carcinoma. 

 10 

14. A medicament comprising: 

a) pembrolizumab for use in combination with axitinib for treating a cancer in a human 

individual by a method comprising administering to the individual (i) axitinib 

formulated as a 1 mg tablet or a 5 mg tablet and pembrolizumab formulated as a 

liquid medicament which comprises 25 mg/ml pembrolizumab or (ii) axitinib 15 

formulated as a 1 mg tablet or a 5 mg tablet and pembrolizumab formulated as a 

liquid medicament which comprises 25 mg/ml pembrolizumab; or 

b) axitinib for use in combination with pembrolizumab for treating a cancer in a human 

individual by a method comprising administering to the individual (i) axitinib 

formulated as a 1 mg tablet or a 5 mg tablet and pembrolizumab formulated as a 20 

liquid medicament which comprises 25 mg/ml pembrolizumab or (ii) axitinib 

formulated as a 1 mg tablet or a 5 mg tablet and pembrolizumab formulated as a 

liquid medicament which comprises 25 mg/ml pembrolizumab. 

 

Date 22 July 2016 25 

 

MALATHI LAKSHMIKUMARAN 

IN/PA- 1433 

AGENT FOR THE APPLICANTS 

To  30 

The Controller of Patents 

The Patent Office, at New Delhi 
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Cancer remains a peculiarly stubborn disease to treat. Some forms of cancer have seen tremendous advances in the
effectiveness of their treatments, whereas other forms have remained resistant to pharmacological control. This lack of hope
for success is in part due to the types of drugs that are used in the clinic, and the targeted biological system being based
purely on cellular growth rates. However, recent drugs designed to affect specific signalling pathways or proteins have been
showing much success. Thanks to the ingenuity of pharmacologists in understanding and targeting these processes, there
have been real improvements in treatment. Here we are presented with some of the research into such critical systems that
have to be understood, so that they can be conquered. We will also look at the challenges facing cancer pharmacologists and
what the field may present to us all in the future.
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This article is part of a themed section on Emerging Therapeutic Aspects in Oncology. To view the other articles in this section
visit http://dx.doi.org/10.1111/bph.2013.169.issue-8

Basis of chemotherapy

‘Dad, how do antibiotics work?’ My wife groans, as she knows
my 9-year-old daughter has just asked a question that will
clear the dinner table fast. ‘Well, sweetheart’, I begin, ‘a bac-
terial cell wall has different chemicals in its body, that allow
antibiotics to inhibit the bug from making more of its cell
membranes, which it needs to grow’. ‘And importantly’, I
continue, getting into my stride, ‘humans don’t have those
same chemicals in their cell membranes, so antibiotics are
much less poisonous to us, but will kill bugs dead! When the
doctor gives us antibiotics, our cells still grow with them, but
bugs’ cells can’t’. All five of them are disappearing fast now,
so I bring out the big guns, the utterly memorable take-home
message they’ll all remember for the rest of their lives: ‘anti-
biotics are poisonous to humans and bugs, but just a bit more
poisonous to bugs’. At this point I’m talking to the dog who
is the only other animal in the room, and all she cares about
are scraps of food. However boring these answers are to chil-
dren (and dogs), I have effectively described the basis of
cancer chemotherapy over the last century.

There are only three treatments that can be used for
cancer patients: surgery, radiotherapy and drugs. As can be
seen from Table 1, before the 1940s and before radiotherapy
was possible, if your tumour surgery failed, then as a cancer
patient, your fate was in the hands of whatever drugs your

physician had even heard about, never mind what agents
they had at their disposal. Much of the cancer research and
chemotherapy testing in the early 20th century was based on
administering a range of toxic compounds to the cancer
patient, then waiting to see what (if anything) happened.
Many of these early trials were not successful, with effects of
toxic compounds on seriously ill patients having variable
effects, as we can imagine. However, there was some good
pioneering science (Nicholls, 1936) that paved the way for
scientists to systematically identify and develop cytotoxic
agents that could be just tolerated by cancer patients, but
with significantly greater toxicity towards their tumours.

Dawn of cancer therapeutics

As with the antibiotics, these ‘new age’ chemotherapeutic
agents were slightly more toxic to cancer cells than they were
to our normal cells. And just like antibiotics, some of them
were actually antibiotics. From the mustard gas-based agents
that emerged from the experiences in the two World Wars, to
the antimetabolites, there was a range of compounds that
were remarkably able to treat cancers in most patients with
some success. Most of the notable successes were in the treat-
ment of blood cancers, such as leukaemia, lymphomas and
myeloma, with solid tumours being less susceptible to these
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Table 1
The development of cancer therapies

Cancer is a major cause of death. Over 22 million people suffer worldwide and there are over 6 million deaths per year. In many
cases there are no effective treatments.

Pre-18th
century

Cancer is a death sentence, medically untreatable. Often not classified as cancer.

Eighteenth
century

Certain cancers treatable by surgery. Cancer as a definition of a type of disease is improving.

Nineteenth
century

Development of anaesthesia means radical, surgical solutions become more mainstream. Mastectomy developed. Excision of
specific localized tumours more possible, improving survival rates.

Twentieth
century

Surgeons become more skilled in excision of tumours. Bone and soft tissue operations developed, often avoiding amputation.
Definition of cancer types and subtypes improves. William Blair-Bell treats breast cancer patients with colloidal lead.

1940s The field of chemotherapy born following an accident where mustard gas, a chemical weapon used throughout World Wars I and
II, is discovered to lower white blood cell counts. Louis Goodman and Alfred Gilman Sr (father of the Nobel Prize-winning Alfred
Gilman) begin to test nitrogen mustard gas-like compounds on lymphoma patients, with apparent success. Sidney Farber tests
antifolates, such as methotrexate, on childhood leukaemia patients with success.

1950s
onwards

Jane Cooke Wright uses the antifolate methotrexate in the treatment of a solid tumour type in breast cancer patients. Expansion of
the arsenal of cancer chemotherapeutics when drug screening identifies the Vinca alkaloids (from the Madagascar periwinkle) as
useful agents. As found with microbes, cytotoxic antibiotics (e.g. doxorubicin) are more toxic to cancer cells than to normal
non-cancerous cells. Serendipity favours the discovery of platinum-containing chemicals (cisplatin, carboplatin), as bacteria
growing around platinum electrodes grow but have no cell division. Combination therapy (combining several chemotherapeutic
agents to improve cancer treatments) is refined – this refining of a combination of drugs to reduce patient morbidity rates, is
continuously being trialled, and has led to vast improvements in cancer survival rates over the years.

1980s
onwards

Significant advances in conventional treatments – surgery, radiotherapy, hormone therapy and chemotherapy. The use of
computers improves not only the machines used in the clinic, but the machines and software used to research cancer treatment
discoveries, leading to faster assessments of potential breakthroughs. Taxane microtubule poisons (e.g. taxol) isolated from the
bark of the Pacific Yew tree, are found to be significantly effective in ovarian cancer. Steroid hormone antagonists (e.g.
tamoxifen) are developed and used to treat oestrogen receptor-positive breast cancer patients.

2000s Some cancers – testicular, prostate, ovarian, endometrial and breast – become more treatable with more selective anti-hormone
medicines such as aromatase inhibitors, gonadotrophin analogues, anti-androgens and improving anti-oestrogen drugs.
Hormone-sensitive cancers are better treated with these newer agents.

Rational Drug Design: Nicholas Lydon and Brian Druker took a more rational approach to designing an inhibitor of the Bcr-Abl
Philadelphia chromosome found in CML. Their drug, Gleevec, was effective in those patients and its use has improved survival
rates in CML cancer patients from 50 to 95% of all cases. This design of a more specifically targeted drug has encouraged the
development of many similar agents aimed at more specific subtypes of cancers.

Stem Cell Transplants: Autologous- (from self) or allogenic- (from a healthy donor) transplants of haematopoietic stem cells from
bone marrow, greatly improves survival chances of many patients with blood cancers that do not respond well to conventional
chemotherapies.

2010s Success in the removal of primary tumours. Hormone therapies increasingly promising. Treatments such as chemotherapy and
radiotherapy still have chronic side effects, but improvements are sought in the co-administration of drugs to improve the
management of unwanted side-effects.

TKIs: The success of Gleevec, an inhibitor of the Abelson tyrosine kinase, leads to a rapid expansion of knowledge of the
effectiveness of TKIs in certain types of cancers. Because of the widespread nature of tyrosine phosphorylation, many of the
side-effects of these drugs can be extreme. Inhibitors designed against growth factor receptors (EGF, FGF, PDGF, VEGF) prove
useful in the clinic. Much of the success comes through refinement of the use of these agents in combination therapies.

Biological agents: The use of ‘humanized’ monoclonal antibodies against TNF was hugely successful in treating of inflammatory
diseases such as rheumatoid arthritis. The synthesis of ‘humanized’ monoclonal antibodies such as Herceptin (against the HER2
protein found in many breast cancer cases) or Rituximab (against the CD20 found in non-Hodgkin’s lymphoma cases)
revolutionize the treatment of those types of cancer, with morbidity rates falling dramatically after their introduction.

Today The race to understand cancer, improve diagnosis and genotyping, as well as developing more selective and effective
pharmacological treatments continues. A combination of clinical, genomic, and proteomic data may herald a new era of smart
pharmacogenomics, where treatments are more targeted towards the individual subtype or phenotype of cancer that you have.
Virtually all cancers have improved their overall survival rates as a result of these treatments. Some cancers (such as testicular
cancer and CML) are nearly 100% ‘curable’; whereas other cancers such as Hodgkin’s lymphoma and childhood leukaemia,
which were previously universally fatal, now have markedly better odds of survival, because of these improvements in treatment.

Tomorrow The refining of cryosurgery – using liquid nitrogen to freeze, lasers to cut and vaporize cancers – and radiofrequency to heat cancer
cells into submission. Better genotyping and proteomic methods for smarter screening of cancer subtypes. Personalized medicine
with tumour cell genomic sequencing to define the exact drugs needed for each individual patient’s disease. Development of
more targeted therapies (nanotechnology) with fewer side effects. Increased use of monoclonal antibodies as immunoconjugates
or radio-labelled immunoconjugates, or glycoconjugates to target specific cancer cells to improve the selective delivery of the
cytotoxic payloads, only to the cancer cells. Keyhole surgery has saved the lives of many who could not survive the trauma of
major surgery and, similarly, robotic surgery will allow effective excision of tumours with less surgical trauma.
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Table 2
Some examples of recent, specifically targeted drugs used for cancer. Note that currently there are over 300 mAb-based potential therapeutic agents

Name Target Comment

Monoclonal antibodies

Alemtuzumab CD52 Mature B-cells (CLL), B-cell CLL

Belimumab BAFF/BLyS B-cell hyperactivity disorders/systemic lupus erythematosus

Bevacizumab VEGF-A Angiogenesis inhibitor

Catumaxomab EpCAM Tumour marker

Cetuximab, panitumumab EGFR/ErbB/HER1 Colorectal cancer

Daratumumab CD38 Multiple myeloma

Dupilumab IL-4 receptor α-subunit Asthma

Elotuzumab CS-1 Myeloma

Gemtuzumab CD33 Multi-lineage B-cells (AML).

Infliximab, adalimumab TNF Autoimmune diseases, e.g. rheumatoid arthritis, Crohn’s disease,
anklyosing spondylitis.

Ipilimumab CTLA-4 Melanoma

MPDL320A PD-1 ligand (CD274) Kidney, lung, colorectal, gastric cancers

Nivolumab lambrolizumab PD-1 receptor (CD279) NSCLC, renal cell carcinoma, melanoma

Ramucirumab VEGFR-2 Anti-angiogenesis, colon cancer

Rituximab, ibritumomab
obinutuzumab

CD20.
Yttrium-90/indium-111-labelled,

glycosylation-engineered variants

Lymphoid B-cells (non-Hodgkin’s lymphoma), CLL, diffuse large B-cell
lymphoma

Trastuzumab tositumomab HER2/neu receptor Breast cancer

Tyrosine kinase small molecule inhibitors

Axitinib PDGFR/VEGFR/c-kit Renal cell carcinoma

Bosutinib Src Leukaemia

Brivanib VEGF and FGF Colon cancer

Crizotinib, LDK378 ALK, ROS1 Anaplastic large cell lymphoma, non-small cell lung carcinoma,
neuroblastoma,

Erlotinib, gefitinib EGFR/ErbB/HER1 NSCLC

Ibrutinib BTK CLL, multiple myeloma, lymphomas

Imatinib, nilotinib BCR-Abl CML

Lapatinib HER2/neu Breast cancer

Lestaurtinib FLT3, JAK2, TrkA/B/C AML, myeloproliferative disorders

Ruxolitinib JAK 1 and 2 JAK2 V617F MDS, AML, for polycythemia vera, myelofibrosis

Sorafenib Raf kinases/PDGFR/VEGFR Renal cell carcinoma, hepatocellular carcinoma

Vandetanib VEGFR

Vemurafenib, regorafenib BRAF Melanoma, colon cancer

Other

Abiraterone CYP17 Castration-resistant prostate cancer

Aflibercept VEGF-A/B, placental growth factor Fusion protein for colorectal cancer and macular degeneration

BIND-014 Prostate-specific membrane antigen Docetaxel loaded nanoparticle for treatment of prostate, lung and
bladder cancers

Bortezomib Proteasome inhibitor Multiple myeloma

Enzalutamide Androgen receptor antagonist Prostate cancer

Etanercept TNF TNFR2–TNFR2 fusion protein

Idelalisib PI-3-Kδ CLL, non-Hodgkin’s lymphoma

Omacetaxine Proteasome inhibitor Imatinib-resistant T315I mutant BCR-Abl CML

Palbociclib Cyclin-dependent kinases −4 and −6 Breast cancer

Perifosine Akt and JNK pathways

Talimogene laherparepvec Oncolytic virus Melanoma

Vismodegib Sonic Hedgehog pathway Basal cell carcinomas

ALK, anaplastic lymphoma kinase; AML, acute myeloid leukaemia; BAFF, B cell activating factor; BLyS, B lymphocyte stimulator; BTK, Bruton’s tyrosine kinase; CLL,
chronic lymphocytic leukaemia; CML, chronic myeloid leukaemia; CS-1, CD2 subset-1; CTLA, cytotoxic T lymphocyte antigen; DLBCL, diffuse large B-cell
lymphoma; EpCAM, epithelial cell adhesion molecule; ErbB, epidermal growth factor receptor; FGF, fibroblast growth factor; FLT, Fms-like tyrosine kinase; HER,
human epidermal growth factor receptor; JAK, Janus-activated kinase; JNK, c-Jun N-terminal- kinase; MDS, myelodysplastic syndrome; NSCLC, non-small cell lung
cancer; PD, programmed cell death protein; PDGFR, platelet-derived growth factor receptor; PI-3-K, phosphatidylinositol-3-kinase; ROS1, c-ros oncogene 1;
VEGFR, vascular endothelial growth factor receptor.

BJPEmerging therapeutic aspects in oncology
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agents. Breast cancer was once again at the forefront of early
chemotherapy towards solid tumours. It is interesting that
these cancer types are again showing the greatest success in
cancer research.

One outcome was clear from these range of compounds
that constituted the entire arsenal for cancer therapy –
although they may have had different molecular mechanisms
of action, their cellular basis of action was to kill the rapidly
dividing cancer cells rather than their slower-growing, non-
cancerous counterparts. And for many decades, the pharma-
ceutical industry tried in vain to generate more targeted
‘magic bullets’.

Targeted design

Brian Druker is credited with the dawn of rational drug design
in pharmacology. His drug imatinib was certainly at the fore-
front of drug design in this new shiny era in pharmacology.
Anything was possible. It is fortunate that this tyrosine kinase
inhibitor (TKI) has good selectivity towards the Abelson TK,
and also towards the BCR-Abl (breakpoint cluster region-
Abelson chimaera or the Philadelphia chromosome or
translocation t (9;22)(q34.1;q11.2)) chimeric TK of the
Philadelphia chromosome found in many chronic myeloid
leukaemia (CML) patients. This ‘wonder drug’ has sustained
the majority of CML patients, turning the diagnosis from a
death sentence 20 years ago into something to live with.
Now, many of the challenges in this form of cancer are about
the best way to treat those who are resistant to imatinib
(Heasman et al. 2011).

This drug did infuse a new vigour into the pharmaceutical
industry. If their TKI can work, maybe we can tailor our TKI

into something effective too. Indeed, a significant part of the
recent advances in oncology therapeutics has been just such
refinement of TKI use (Table 2). The invention of humanized
anti-TNG-α monoclonal antibodies (mAb) revolutionized the
treatment of autoimmune diseases, especially rheumatoid
arthritis. This success also encouraged industry to pursue the
mAb approach and come up with rituximab for the treatment
of non-Hodgkin’s lymphoma (to which my mother-in-law
owes her longevity). It is now pleasing to see the develop-
ment of a wide range of mAbs that are increasingly used in
the treatment of an equally wide range of cancer types
(Table 2). As well as the more traditional small-molecule
inhibitors, many of these cancer agents are mAbs,
radiolabelled-mAbs, or chimeric proteins. Other exciting
cancer agents include oncolytic viruses, or even nanoparticles
loaded with chemotherapeutic agents. Both these types of
therapy are able to direct the drug to more selectively to
cancer cells and thus to deliver more effectively their payload
of cytotoxic chemicals. As well as improvements in drug
delivery systems, it should also be noted that much of the
recent improvements in the treatment of cancers and in
survival rates has come about by clinical trials to refine such
therapies used either as monotherapies at various doses, or
used in combination therapy. Although we are heading in the
right direction, as summarized in Table 3, the overall success
of these cancer drugs is dwarfed by many more treatments for
much less life-threatening conditions.

Challenges

As shown by some of the reviews in this issue, there are still
many challenges within oncology. For example, targeting the

Table 3
The top selling drugs of 2012

Rank Name Trade name Target Treating

1 Adalimumab Humira TNFα Rheumatoid arthritis

2 Etanercept Enbrel TNFα Rheumatoid arthritis

3 Fluticasone/salmeterol Advair/Seretide Glucocorticoid and β2-adrenoceptor Asthma

4 Infliximab Remicade TNFα Rheumatoid arthritis

5 Rituximab Rituxan CD20 mAb Non-Hodgkin’s lymphoma

6 Rosuvastatin Crestor HMG-CoA reductase (inhibitor) Atherosclerosis

7 Insulin glargine Lantus Insulin analogue Type 1 diabetes

8 Trastuzumab Herceptin Her2/Neu mAb Breast cancer

9 Bevacizumab Avastin VEGF-A mAb Tumour angiogenesis

10 Atorvastatin Lipitor HMG-CoA reductase (inhibitor) Atherosclerosis

11 Aripiprazole Abilify D2/5-HT1A receptor partial agonist Antipsychotic/ antidepressant

12 Clopidogrel Plavix P2Y12 receptor antagonist Antiplatelet/ anticoagulant

13 Duloxetine Cymbalta Serotonin/noradrenaline re-uptake inhibitorI Antidepressant/ anti-anxiety

14 Imatinib Gleevec BCR-Abl tyrosine kinase Philadelphia Chromosome positive CML

15 Tiotropium Spiriva M3 receptor antagonist Asthma/COPD

Cancer drugs are in bold and italics.

BJP D J MacEwan
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stem cells is necessary to eradicate the cancer (Piccoli et al.,
2013). Cell maintenance and conditioning may require other
cytokine co-factors that could be pharmacological targets of
synthetic or naturally occurring compounds (Aggarwal et al.,
2013). Also a cancer stem cell may not behave the same in its
native microenvironment (Sinclair et al., 2013) as it would in
vitro. Much of the way in which we attempt to treat cancers
may require simultaneous targeting of several pathways to
defeat the overlapping resistance mechanisms that can be
created in tumours (Sale and Cook, 2013). We may also have
to utilize nature’s own attack systems, such as the death
receptors (Micheau et al., 2013) that belong to the TNF recep-
tor superfamily (MacEwan, 2002). Cancer researchers may
also need to look towards the death mechanisms within cells,
given that no matter how a cell creates a cancerous pheno-
type, there are only a handful of ways that the cell can be
killed (Kvinlaug et al., 2011). Furthermore, there may be an
absolute need to block the cancer cell’s own repair mecha-
nisms (Curtin, 2013) for therapy to be fully effective.

As can be seen from this issue, there is still a lot of work
that needs to be done to understand the biology of each
individual type of cancer. In this regard, patient-specific
genomic sequencing of tumour biopsies is likely and this
information will be translated into a personalized drug
regime for each patient. The question is, do we have the right
drugs to cope with such an ideal approach to treatment?
Many questions remain to be solved. For example, one of the
most successful cancer drugs in trial is ibrutinib, an inhibitor
of Bruton’s TK (BTK), in the treatment of B cell blood cancers
(MacEwan et al., 2013). The clinical success of this drug is
clear. What is less clear is what makes this compound such a
successful candidate with limited side effects, relative to
other similar chemotherapeutic agents. It may be related to
its physicochemical properties, affecting its pharmaco-
distribution and thus limiting adverse reactions to the drug in
the body. It may be related to the selectivity of the BTK-
signalling machinery in cellular processes such as apoptosis,
adhesion, doubling time, differentiation or even platelet
aggregation. Whatever the reason, this drug, along with the
other successes outlined here, are a source of optimism for the
eventual control and eradication of cancer. And with good

science, we will prevail. To finish with my earlier analogy –
unlike antibiotics, with cancer drugs, there have been enor-
mous advances made over the last century. Long may it
continue.
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With seven targeted therapies approved for metastatic renal cell carcinoma (RCC), researchers and drug developers are now focusing on understanding the best way to
sequence these therapiesâ€”and on identifying predictive biomarkers of response.

Brian Rini, MD

Which Agent First-Line?

With seven targeted therapies approved for metastatic renal cell carcinoma (RCC), researchers and drug developers are now
focusing on understanding the best way to sequence these therapies�and on identifying predictive biomarkers of response.Six of
these agents are oral and fall into two categories: multi-tyrosine kinase inhibitors against the vascular endothelial growth factor
(VEGF) or inhibitors of the mammalian target of rapamycin (mTOR). Based on recent phase III randomized, large clinical trials, two
VEGF inhibitors are now the standard of care for first-line RCC.

Sunitinib was the first VEGF inhibitor approved for RCC and is still widely used as a result of strong clinical data showing greater
progression- free survival (PFS) and overall survival (OS) in treatment-na&iuml;ve patients compared to interferon alfa. The second
widely used oral VEGF inhibitor is pazopanib; studies have demonstrated that pazopanib improved PFS in treatment-na&iuml;ve
metastatic RCC compared to placebo.

The recent phase II RECORD-3 trial, comparing first-line everolimus, an mTOR inhibitor, followed by sunitinib to the reverse
sequence, showed that treatment with sunitinib first produced longer PFS for patients.

The COMPARZ trial, reported at the 2012 annual European Society for Medical Oncology (ESMO) Congress in Vienna, Austria,
directly compared the efficacy of pazopanib to sunitinib in patients with metastatic, treatmentna&iuml;ve RCC. While both drugs
demonstrated similar efficacy (31% overall response rate in the pazopanib arm vs 25% in the sunitinib arm; 28.4 months OS in the
pazopanib arm vs 29.3 months in the sunitinib arm), patients perceived pazopanib to have a better side-effect profile compared with
sunitinib. Patients on pazopanib had less hematological toxicity, hand-foot syndrome, rash, fatigue, and peripheral edema.

From their experience at the Johns Hopkins Sidney Kimmel Comprehensive Cancer Center, Jenny J. Kim, MD, assistant professor of
Oncology, said that both sunitinib and pazopanib are being used in the frontline setting for these patients, although these agents
have slightly different side-effect profiles. Kim and her colleagues have noticed that in their experience, patients tend to have more
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hand-foot syndrome and stomatitis with sunitinib and more liver toxicity with pazopanib. With the approval of pazopanib in 2009, it
has been well incorporated along with sunitinib into the gastrourology practice at Johns Hopkins in the treatment of metastatic RCC.

&ldquo;There is a trend towards favoring pazopanib recently,&rdquo; said Kim. &ldquo;This is most likely due to a lack of handfoot
syndrome, which seems to affect patients&rsquo; day-to-day quality of life.&rdquo; This observation in clinical practice is consistent
with what was seen in the COMPARZ trial.

It is important to mention, Kim noted, that discontinuation rates were similar for both sunitinib and pazopanib in the study,
although patient subjective toxicity experience was better with pazopanib. One potential explanation may be that there were higher
liver toxicities with pazopanib compared with sunitinib, which led to discontinuation of pazopanib in the trial.

Targeted Agent Sequencing

Another small, 168-patient study, the PISCES trial, reinforced the COMPARZ trial data, showing that 70% of patients on the trial
preferred pazopanib while 22% preferred sunitinib. &ldquo;While these trials are not perfect, they will likely have an impact on the
oncologic community as more &lsquo;tangible&rsquo; data comparing the two agents,&rdquo; said Kim.Although second-line and
subsequent therapies become gradually less effective, axitinib, sorafenib, and everolimus are all options for second-line therapy.
&ldquo;The only drug that has been tested exclusively in a second-line setting is axitinib,&rdquo; said Brian Rini, MD, professor of
Medicine at Case Western Reserve University and a practicing oncologist at the Cleveland Clinic Taussig Cancer Institute in
Cleveland, Ohio. Axitinib is a VEGF inhibitor approved for metastatic RCC after failure of one systemic therapy; approval was based
on the AXIS trial. For patients who had previously failed sunitinib, axitinib significantly delayed PFS for 2.6 months longer compared
with sorafenib.

&ldquo;Clinical trials point to the importance of clinicians to maximize each oral targeted agent and to expose patients to multiple
drugs over the course of metastatic disease,&rdquo; said Rini. When to switch a patient&rsquo;s therapy in the clinical setting
remains a challenge, as the timing of the switch from one therapy to another has not been formally tested. A specific and potent
sequencing regimen probably does not exist with the current drugs we have, unfortunately, said Rini.

PFS versus OS?

According to Kim, all of these agents are being used in the second-line setting because there is a lack of complete cross-resistance
among them. &ldquo;At this point, without robust biomarkers of response, exposure to all different agents is probably key for the
patients&rsquo; best clinical outcome,&rdquo; said Kim.The recently announced phase III INTORSECT trial compared temsirolimus,
an mTOR inhibitor, to sorafenib, a VEGF inhibitor, in patients previously treated with sunitinib. Although there was no difference in
PFS, patients on sorafenib had a longer OS compared with those on temsirolimus.

The Next Wave of Therapies

&ldquo;This result raises a major question,&rdquo; said Kim. &ldquo;Is PFS a valid endpoint for these trials or should we be using
OS as a better measure of efficacy?&rdquo;The checkpoint inhibitors currently in development are clearly promising, said Rini.
&ldquo;These are the next wave of effective kidney cancer therapies.&rdquo; According to Rini, effectiveness of anti-VEGF therapy
may have reached a plateau and the development of the immunotherapy checkpoint antibodies are revitalizing kidney cancer
research, providing patients with a chance at durable, potentially longterm responses.

Results from a phase I trial with the anti-PD-1 antibody nivolumab (BMS- 936558) show that the immunotherapy can produce
responses in approximately 30% of heavily pretreated patients, and that the responses are durable. Nivolumab is now being tested
in a phase III trial in pretreated advanced or metastatic RCC. Two other immunotherapy checkpoint agents, MPDL3280A and
lambrolizumab, are currently in phase I trials for solid tumors. &ldquo;There have been great results so far with nivolumab,&rdquo;
said Kim.
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Although most combinations of targeted agents have proven to be disappointing either due to toxicity or lack of improved efficacy,
checkpoint inhibitors may provide renewed promise in the combinatiorial efforts, according to Kim.

&ldquo;Within the last decade, we have almost tripled the lifespan of metastatic RCC patients,&rdquo; said Kim. The checkpoint
inhibitors now have the potential to turn kidney cancer into a chronic disease, she said.

The next questions for both the newer immunotherapies and targeted oral drugs is how to best identify patients who are most likely
to respond. There are no biomarkers yet, but intensive research to identify them is under way.
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Comparative eff ectiveness of axitinib versus sorafenib in 
advanced renal cell carcinoma (AXIS): a randomised 
phase 3 trial
Brian I Rini, Bernard Escudier, Piotr Tomczak, Andrey Kaprin, Cezary Szczylik, Thomas E Hutson, M Dror Michaelson, Vera A Gorbunova, 
Martin E Gore, Igor G Rusakov, Sylvie Negrier, Yen-Chuan Ou, Daniel Castellano, Ho Yeong Lim, Hirotsugu Uemura, Jamal Tarazi, David Cella, 
Connie Chen, Brad Rosbrook, Sinil Kim, Robert J Motzer

Summary
Background The treatment of advanced renal cell carcinoma has been revolutionised by targeted therapy with drugs 
that block angiogenesis. So far, no phase 3 randomised trials comparing the eff ectiveness of one targeted agent against 
another have been reported. We did a randomised phase 3 study comparing axitinib, a potent and selective second-
generation inhibitor of vascular endothelial growth factor (VEGF) receptors, with sorafenib, an approved VEGF 
receptor inhibitor, as second-line therapy in patients with metastatic renal cell cancer.

Methods We included patients coming from 175 sites (hospitals and outpatient clinics) in 22 countries aged 18 years 
or older with confi rmed renal clear-cell carcinoma who progressed despite fi rst-line therapy containing sunitinib, 
bevacizumab plus interferon-alfa, temsirolimus, or cytokines. Patients were stratifi ed according to Eastern Cooperative 
Oncology Group performance status and type of previous treatment and then randomly assigned (1:1) to either 
axitinib (5 mg twice daily) or sorafenib (400 mg twice daily). Axitinib dose increases to 7 mg and then to 10 mg, twice 
daily, were allowed for those patients without hypertension or adverse reactions above grade 2. Participants were not 
masked to study treatment. The primary endpoint was progression-free survival (PFS) and was assessed by a masked, 
inde pendent radiology review and analysed by intention to treat. This trial was registered on ClinicalTrials.gov,  
number NCT00678392.

Findings A total of 723 patients were enrolled and randomly assigned to receive axitinib (n=361) or sorafenib (n=362). 
The median PFS was 6·7 months with axitinib compared to 4·7 months with sorafenib (hazard ratio 0·665; 95% CI 
0·544–0·812; one-sided p<0·0001). Treatment was discontinued because of toxic eff ects in 14 (4%) of 359 patients 
treated with axitinib and 29 (8%) of 355 patients treated with sorafenib. The most common adverse events were 
diarrhoea, hypertension, and fatigue in the axitinib arm, and diarrhoea, palmar-plantar erythrodysaesthesia, and 
alopecia in the sorafenib arm.

Interpretation Axitinib resulted in signifi cantly longer PFS compared with sorafenib. Axitinib is a treatment option 
for second-line therapy of advanced renal cell carcinoma.

Funding Pfi zer Inc.

Introduction
Renal cell carcinoma is diagnosed in about 170 000 people 
worldwide annually, resulting in 72 000 deaths.1 Many 
patients present with advanced or unresectable disease, 
and up to 30% of patients who have initially localised 
disease will eventually relapse.2 Renal cell carcinoma is 
often resistant to chemotherapy and cytokines such as 
interleukin 2 and interferon-alfa.3

Loss of function of the von Hippel-Lindau (VHL) gene 
in renal cell carcinoma leads to dysregulation of the 
vascular endothelial growth factor (VEGF) pathway, 
VEGF protein overexpression, and increased tumour 
angiogenesis. Antiangiogenic drugs targeting the VEGF 
pathway with proven benefi t in renal cell carcinoma 
include inhibitors of VEGF receptor (VEGFR; sunitinib, 
sorafenib, and pazopanib) and bevacizumab.4–7 All these 
drugs have been approved on the basis of randomised 
trials comparing the targeted drug to either cytokine 

therapy or placebo. To date, no phase 3 study comparing 
two targeted drugs has been reported.

Axitinib is a potent, selective, second-generation 
inhibitor of VEGFR 1, 2, and 3 that blocks VEGFRs 
at sub-nanomolar drug concentrations.8 Relative 
potency of axitinib is 50–450 times greater than that of 
the fi rst-generation VEGFR inhibitors.9 Additionally, 
fi rst-generation inhibitors block other targets, such as 
platelet-derived growth factor receptors (PDGFR), 
b-RAF, KIT, and FLT-3, which are not substantially 
inhibited by axitinib.10–12 These off -target activities might 
contribute to the adverse eff ects of the fi rst-generation 
inhibitors, suggesting that more specifi c inhibitors of 
VEGFR such as axitinib might have an enhanced 
therapeutic window.

In a phase 2 study13 of patients with cytokine-refractory 
renal cell carcinoma, the objective response rate with 
axitinib was 44%, with a median time to progression of 
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15·7 months and an overall survival of 29·9 months.13 
The 5-year survival rate was 20·6% (95% CI 10·9–32·4).14 
In Japanese patients with cytokine-refractory renal cell 
carcinoma, the objective response rate with axitinib was 
55%, with a median progression-free survival (PFS) of 
12 months.15 In patients with sorafenib-refractory renal 
cell carcinoma, the objective response rate with axitinib 
was 23%, with a median PFS of 7·4 months.16 These 
phase 2 data suggested that axitinib could be an eff ective 
second-line treatment in patients with advanced renal 
cell carcinoma. This randomised phase 3 trial (AXIS) was 
designed to directly compare the effi  cacy and safety of 
axitinib versus sorafenib in patients with advanced renal 
cell carcinoma who had disease progression after initial 
systemic therapy.

Methods
Study design and participants
In this multicentre phase 3 randomised controlled trial, we 
enrolled patients 18 years or older with histologically or 
cytologically confi rmed renal cell carcinoma with a clear-
cell component. All patients had measurable disease by 
Response Evaluation Criteria in Solid Tumours (RECIST, 
version 1.0)17 and RECIST-defi ned progressive disease as 
assessed by investigators after one previous systemic fi rst-
line regimen with a sunitinib-based, bevacizumab plus 
interferon-alfa-based, temsirolimus-based, or cytokine-
based regimen, which refl ected all regimens with 
regulatory approvals at the time of study design. Eligibility 
criteria were 2 weeks or more since end of previous 
systemic treatment (4 weeks or more for bevacizumab plus 
interferon-alfa); Eastern Cooperative Oncology Group 
(ECOG) performance status of 0 or 1; life expectancy of 
12 weeks or more; and adequate renal, hepatic, and 
haematological organ function. Exclusion criteria were 
history of malignancy other than renal cell carcinoma; 
present use or anticipated need for cyto chrome P450 
(CYP)3A4-inhibiting, CYP3A4-inducing, or CYP1A2-
inducing drugs; known HIV or acquired immuno-
defi ciency syndrome-related disease; CNS metastasis; 
uncon trolled hypertension; myocardial infarction, uncon-
trolled angina, congestive heart failure, or cerebrovascular 
accident within previous 12 months; and deep vein 
thrombosis or pulmonary embolism within previous 
6 months.

The trial was approved by the institutional review board 
or ethics committee at every centre and complied with 
Good Clinical Practice guidelines, the Declaration of 
Helsinki, and local laws. All patients provided written 
informed consent before any trial procedure.

Randomisation and masking
We stratifi ed patients according to ECOG performance 
status (0 or 1) and type of previous treatment (ie, regimen 
containing sunitinib, bevacizumab, temsirolimus, or 
cytokine), and then randomly assigned  them (1:1) to 
receive either axitinib or sorafenib. Randomisation lists 
were generated from an independent randomisation 
group using a permuted block design of size four (two to 
axitinib and two to sorafenib) within each stratum.  A 
web-enabled centralised registration system concealed 
treatment allocation before registration and allowed 
centres to enrol patients directly. Patients and investigators 
were not masked to study treatment. Progression-free 
survival and objective response rate were assessed by a 
masked independent radiology review.

Procedures
Axitinib was given orally at a starting dose of 5 mg twice 
daily. Patients who tolerated the starting dose with no 
adverse reactions above grade 2 of Common Terminology 
Criteria for Adverse Events (CTCAE) for at least 2 weeks 
were allowed to have their dose increased, at the discretion 

Axitinib (n=361) Sorafenib (n=362)

Age (years)

Median (range) 61 (20–82) 61 (22–80)

Sex

Male 265 (73%) 258 (71%)

Female 96 (27%) 104 (29%)

Ethnic origin

White 278 (77%) 269 (74%)

Black 1 (<1%) 4 (1%)

Asian 77 (21%) 81 (22%)

Other 5 (1%) 8 (2%)

ECOG performance status

0 195 (54%) 200 (55%)

1 162 (45%) 160 (44%)

>1 1 (<1%)* 0

MSKCC risk subgroup†21

Favourable 100 (28%) 101 (28%)

Intermediate 134 (37%) 130 (36%)

Poor 118 (33%) 120 (33%)

NA 9 (2%) 11 (3%)

Heng et al22 risk factors‡

Favourable 66 (18%) 79 (22%)

Intermediate 236 (65%) 225 (62%)

Poor 37 (10%) 34 (9%)

NA 22 (6%) 24 (7%)

Previous systemic therapy

Sunitinib 194 (54%) 195 (54%)

Cytokines 126 (35%) 125 (35%)

Bevacizumab 29 (8%) 30 (8%)

Temsirolimus 12 (3%) 12 (3%)

Data are n (%) unless otherwise stated. ECOG=Eastern Cooperative Oncology Group. 
MSKCC=Memorial Sloan-Kettering Cancer Center. NA=not available. *Protocol 
violation. †MSKCC risk groups were derived with three risk factors: haemoglobin 
(≤130 g/L vs >130 g/L for men, and ≤115 g/L vs >115 g/L for women), corrected 
calcium (<2·5 mmol/L vs ≥2·5 mmol/L), and ECOG performance status (0 vs 1). 
MSKCC risk groups were defi ned as favourable (0 factors), intermediate (1 factor), or 
poor (2–3 factors). ‡Heng risk groups were defi ned as favourable (0 factors), 
intermediate (1–2 factors), or poor (≥3 factors).

Table 1: Baseline demographics and clinical characteristics

42



Articles

www.thelancet.com   Vol 378   December 3, 2011 1933

of the treating physician, to 7 mg twice daily, unless the 
patient’s blood pressure was higher than 150/90 mm Hg 
or the patient was receiving anti hypertensive medication. 
Subsequently, with the same criteria, patients who 
tolerated the axitinib dose of 7 mg had their dose 
increased to a maximum of 10 mg twice daily. The axitinib 
dose could be reduced to 3 mg twice daily and then 
further to 2 mg twice daily, if needed.

The starting dose of sorafenib was 400 mg twice daily, 
which could be decreased to 400 mg once daily, and then 
to 400 mg every other day if dose reduction was needed 
because of toxic eff ects. Patients were treated until 
progression of disease (RECIST version 1·017), occur-
rence of unacceptable toxic eff ects, death, or with drawal 
of patient consent. Crossover between study drugs was 
not allowed.

We did clinical assessments for safety, including 
medical history and physical examination, vital signs, 
clinical laboratory assessment, and ECOG performance 
status, at baseline, week 2, week 4, and every 4 weeks 
thereafter. We did tumour assessments, including CT, 
MRI and bone scans, at screening, after 6 and 12 weeks 
of therapy, and every 8 weeks thereafter. We assessed 
safety throughout the study, and graded severity of 
adverse events using CTCAE version 3·0. We assessed 
symptom deterioration using the validated Functional 
Assessment of Cancer Therapy Kidney Symptom Index 
(FKSI) questionnaire18 and the FKSI–Disease-Related 
Symptoms (FKSI-DRS)19 subscale that specifi cally meas-
ures symptoms associated with advanced renal cell 
carcinoma. We obtained assessments at baseline and 
day 1 of every 4-week cycle. High scores on these scales 
represent better health status (less severe symptoms or 
concerns) than low scores. We predefi ned the minimally 
important diff erence for the FKSI-15 subscale as fi ve 
points and for the FKSI-DRS subscale as three points, as 
previously established.18,19

Statistical analyses
The primary endpoint was PFS, defi ned as time from 
randomisation to either fi rst documentation of RECIST-
defi ned disease progression (per independent radiology 
review of images) or death due to any cause, whichever 
came fi rst. Secondary endpoints were overall survival, 
objective response rate, duration of response, and time to 
deterioration, a composite endpoint consisting of time to 
death, disease progression, or worsening of symptoms. 
Symptom deterioration was defi ned as two consecutive 
available decreases of at least 5 points from baseline 
using FKSI-15 (≥3 points using FKSI-DRS), unless it was 
the fi nal score, for which one decrease was suffi  cient.

We assessed effi  cacy in the intention-to-treat population 
on the basis of assessments by a blinded independent 
radiology review committee. This study was designed to 
test the hypothesis that treatment would result in an 
improvement in median PFS from 5 months with 
sorafenib, based on previous clinical data,5,20 to 7 months 

with axitinib. The initial target sample size was calculated 
based on 90% power to show the improvement in PFS 
using a one-sided log-rank test at a signifi cance level 
of 0·025. It was estimated that about 650 patients would 
need to be enrolled to observe 409 patients with 
progressive disease or death. The signifi cance for effi  cacy 
analysis was calculated with the Lan-DeMets procedure 
with an O’Brien-Fleming stopping rule. For the secondary 
endpoint of overall survival, a total of 417 events were 
required for a log-rank test with an overall one-sided 
signifi cance level of 0·025 to have power of 0·80, 
assuming a 31·67% improvement in median overall 
survival and a follow-up period of about 37 months. We 
used Kaplan-Meier methods to obtain estimates of 
median PFS. In accordance with the statistical design, a 
stratifi ed, one-sided, log-rank test adjusting for ECOG 
performance status and previous treatment was used 
to compare PFS between the two treatment groups. 
Cox proportional-hazards models were used to explore 
potential eff ects of baseline stratifi cation factors. A one-
sided Cochran-Mantel-Haenszel test stratifi ed by ECOG 
performance status and previous treatment was used to 
compare objective response rates between the two 
treatment groups. We analysed duration of response 
using descriptive statistics. We assessed symptom 
deterioration in the intention-to-treat population using 
the pre-specifi ed time to deterioration composite 
endpoint. We used survival analysis methods, including 

Figure 1: Trial profi le

723 patients randomised

361 allocated to axitinib 362 allocated to sorafenib

359 received axitinib 355 received sorafenib

138 continued axitinib 99 continued sorafenib

 361 were analysed for 
  progression-free survival
 359 underwent safety analysis

 362 were analysed for 
  progression-free survival
 355 underwent safety analysis

2 patients did not receive treatment 7 patients did not receive treatment

221 discontinued axitinib 
 160 had disease progression/relapse
 22 had an adverse event 

(treatment-related and unrelated)
 12 died
 10 refused further treatment for
  reasons unrelated to adverse events
 4 had a protocol deviation 
 1 was lost to follow-up 
 9 had global deterioration in 
  health status 
 3 discontinued due to other reasons 

256 discontinued sorafenib
 180 had disease progression or relapse
 33 had an adverse event

(treatment-related and unrelated)
 13 died
 7 refused further treatment for
  reasons unrelated to adverse events
 2 had a protocol deviation
 3 were lost to follow-up
 9 had global deterioration in
  health status
 9 discontinued due to other reasons
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Kaplan-Meier plots and log-rank tests, to compare time 
to deterioration between the two treatment groups. East 
version 5 was used to calculate the sample size and 
stopping boundaries; all other statistical analyses were 
done with SAS version 9.2.

This trial was registered on ClinicalTrials.gov, number 
NCT00678392.

Role of the funding source
Pfi zer Inc was involved in design of the study, and 
collection and analysis of the data. All co-authors made 
the decision to publish these data and agreed upon the 
fi nal content of the report. All authors had access to the 
primary data and vouch for the accuracy and completeness 
of the data reported. The corresponding author had full 
access to all data and fi nal responsibility to submit the 
report for publication.

Results
Between Sept 15, 2008, and July 23, 2010, 723 patients 
with advanced renal cell carcinoma coming from 175 sites 
(hospitals and outpatient clinics) in 22 countries were 
randomly assigned to axitinib or sorafenib. Of these, 
389 (54%) patients had previously received sunitinib, 
251 (35%) cytokines, 59 (8%) bevacizumab, and 24 (3%)  
temsirolimus. Demographics and baseline characteristics 
were typical of a population with advanced renal cell 

carcinoma and were well balanced between the axitinib 
and sorafenib groups (table 1). 

As of the data cutoff  date of Aug 31, 2010, 221 (61%) of 
361 patients in the axitinib treatment group and 
256 (71%) of 362 patients in the sorafenib group had 
discontinued study treatment (fi gure 1). Patients 
received axitinib for a median duration of 6·4 months 
(range 0·03–22), and sorafenib for 5·0 months 
(range 0·03–20). Reasons for discontinuation included 
disease progression (fi gure 1) and treatment-related 
adverse events (14 [4%] of 359 in axitinib and 29 [8%] of 
355 in sorafenib groups). The most common adverse 
events leading to discontinuation in the axitinib group 
were fatigue (4 [1%]) and transient ischaemic attack 
(3 [<1%]) and in the sorafenib group were palmar-plantar 
erythrodysaesthesia (4 [1%]), diar rhoea (3 [<1%]), and 
asthenia (3 [<1%]).

The mean relative dose intensity (defi ned as the actual 
total dose / intended total dose × 100) was 99% in the 
axitinib group and 92% in the sorafenib group. One or 
more dose interruptions (due to missed dose or toxic 
eff ects) were reported in 276 (77%) of 359 patients given 
axitinib and 285 (80%) of 355 patients given sorafenib. At 
least one dose reduction was reported in 110 (31%) of 
359 patients given axitinib and 185 (52%) of 355 patients 
given sorafenib. Dose was increased above 5 mg twice 
daily in 132 (37%) patients receiving axitinib.

Independent Review Committee Assessment Investigator Assessment

Axitinib (n=361) Sorafenib (n=362) HR for progression or 
death (95% CI)

p value Axitinib (n=361) Sorafenib (n=362) HR for progression or 
death (95% CI)

p value

Progression-free survival

Overall estimated median 
progression-free survival (months)

6·7 (6·3–8·6) 4·7 (4·6–5·6) 0·665 (0·544–0·812)* <0·0001 8·3 (6·6–9·0) 5·6 (4·7–6·5) 0·658 (0·543–0·798)* <0·0001

Stratifi ed estimated median 
progression-free survival (months)

Previous cytokine regimen 12·1 (10·1–3·9) 6·5 (6·3–8·3) 0·464 (0·318–0·676)† <0·0001 12·0 (10·1–13·8) 8·3 (6·6–9·9) 0·636 (0·449–0·900)† 0·0049

Previous sunitinib regimen 4·8 (4·5–6·4) 3·4 (2·8–4·7) 0·741 (0·573–0·958)† 0·0107 6·5 (4·8–7·6) 4·5 (3·0–4·7) 0·636 (0·494–0·818)† 0·0002

Previous bevacizumab regimen 4·2 (2·8–6·5) 4·7 (2·8–6·7) 1·147 (0·568–2·317)† 0·6366 6·5 (2·8–8·3) 4·5 (3·0–6·5) 0·753 (0·365–1·553)† 0·2126

Previous temsirolimus regimen 10·1 (1·5–10·2) 5·3 (1·5–10·1) 0·511 (0·140–1·865)† 0·1425 2·6 (1·5–17·1) 5·7 (2·6–8·3) 1·210 (0·433–3·382)† 0·6342

Objective tumour response

Best observed RECIST response, n (%)

Complete response 0 0 ·· ·· 0 1 (<1%) ·· ··

Partial response 70 (19%) 34 (9%) ·· ·· 70 (19%) 39 (11%) ·· ··

Stable disease ≥20 weeks 96 (27%) 77 (21%) ·· ·· 122 (34%) 96 (27%) ·· ··

Stable disease <20 weeks 84 (23%)  120 (33%) ·· ·· 85 (24%)  117 (32%) ·· ··

Progressive disease 78 (22%) 76 (21%) ·· ·· 60 (17%) 66 (18%) ·· ··

Not assessed 0 0 ·· ·· 13 (4%) 32 (9%) ·· ··

Indeterminate§ 22 (6%) 42 (12%) ·· ·· 11 (3%) 8 (2%) ·· ··

Objective response rate, n (%)‡ 70 (19%) 34 (9%) ·· 0·0001 70 (19%) 40 (11%) ·· 0·0007

95% CI 15·4–23·9 6·6–12·9 ·· ·· 15·4–23·9 8·0–14·7 ·· ··

Numbers in brackets are 95% CIs unless otherwise stated. RECIST=Response Evaluation Criteria In Solid Tumors. ECOG=Eastern Cooperative Oncology Group. *One-sided log-rank test stratifi ed by ECOG 
performance status and previous treatment. †One-sided log-rank test stratifi ed by ECOG performance status. ‡One-sided Cochran-Mantel-Haenszel test of treatment stratifi ed by ECOG performance status and 
previous treatment. §Indeterminate included patients with no post-baseline scans, target lesions that were indeterminate at subsequent timepoints, or patients randomised and not treated.

Table 2: Summary of effi  cacy measures in intention-to-treat population
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In the 723 patients randomised, 402 primary outcome 
events (death or disease progression as assessed by 
blinded independent radiology review committee) were 
reported. The median PFS was 6·7 months for axitinib 
versus 4·7 months for sorafenib (hazard ratio [HR] for 
disease progression or death of 0·665 [95% CI 
0·544–0·812]; p<0·0001, stratifi ed one-sided log-rank 
test; table 2; fi gure 2A).

In patients who had previously received cytokines, 
median PFS was 12·1 months for axitinib and 6·5 months 
for sorafenib (HR 0·464 [95% CI 0·318–0·676]; p<0·0001) 
(table 2; fi gure 2B). In patients previously treated 

with sunitinib, median PFS was 4·8 months for axitinib 
and 3·4 months for sorafenib (HR 0·741 [95% CI 
0·573–0·958]; p=0·0107; table 2; fi gure 2C). Additional 
subgroup analyses of PFS based on age, sex, risk cat-
egories of the Memorial Sloan-Kettering Cancer Center 
(MSKCC), and region showed a consistent advantage 
with axitinib (fi gure 3).

The objective response rate as assessed by masked 
independent radiology review committee was 19% for 
axitinib and 9% for sorafenib (p=0·0001), with a median 
duration of response of 11 months (95% CI 7·4–not 
estimable) for axitinib and 10·6 months (8·8–11·5) for 
sorafenib (table 2). Of the 417 events required for overall 
survival analysis, only 223 events occurred. The data of 
overall survival will be reported separately when mature.

The most frequent adverse events associated with 
axitinib were diarrhoea, hypertension, fatigue, decreased 
appetite, nausea, and dysphonia, each occurring in more 
than 30% of patients (table 3). Hypertension, nausea, 
dysphonia, and hypothyroidism were more common 
with axitinib, whereas palmar-plantar erythrodysaesthesia, 
alopecia, and rash were more common with sorafenib. 
The most common adverse event of grade 3 or higher or 
laboratory abnormalities were hypertension, diarrhoea, 
and fatigue with axitinib, and palmar-plantar erythro-
dysaesthesia, hypophosphataemia, lipase elevation, and 
hypertension with sorafenib (table 3).

Figure 2: Kaplan-Meier estimated median PFS in patients who received 
axitinib or sorafenib as second-line therapy for metastatic renal cell cancer
HR=hazard ratio. PFS=progression-free survival. (A) all patients, (B) patients 
previously treated with cytokine-based regimen, and (C) patients previously 
treated with sunitinib-based regimen (full analysis set, by independent review 
committee assessments). p values based on one-sided, stratifi ed log-rank test.
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Figure 3: Cox proportional-hazards analysis of progression-free survival by various patient’s baseline and 
prognostic factors
ECOG=Eastern Cooperative Oncology Group. MSKCC=Memorial Sloan-Kettering Cancer Center.
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As previously reported,23 31 (9%) patients with axitinib 
and three (1%) patients with sorafenib had elevated 
haemoglobin, which was managed with phlebotomy in 
three patients. In patients who had thyroid-stimulating 
hormone (TSH) concentrations lower than 5 mU/L 
before treatment, patients treated with axitinib had 
more elevations of TSH 10 mU/L or more (79 [32%] of 
245 patients) than did those treated with sorafenib 
(25 [11%] of 232 patients). In all, 95 (27%) patients in the 
axitinib group and 48 (14%) patients in the sorafenib 
group either started or increased their dose of 
supplemental thyroid medication. Laboratory abnor-
malities were greater in the sorafenib arm than in the 
axitinib arm for anaemia (165 [52%] of 316 vs 113 [35%] 
of 320 patients) and hypophosphataemia (158 [50%] of 
318 vs 43 [13%] of 336 patients).

There were no treatment-related deaths in the axitinib 
group and two in the sorafenib group (one due to tumour 

necrosis causing retroperitoneal bleeding in a patient 
receiving concomitant dalteparin and one due to gastro-
intestinal bleed).

Completion rates for analysable symptom deterioration 
questionnaires during treatment were high (>90%). 
The time to deterioration FKSI-15 composite endpoint 
showed a 17% reduction in risk for axitinib compared 
with sorafenib (fi gure 4A). Similarly, there was a 16% risk 
reduction in the time to deterioration FKSI-DRS 
composite endpoint with axitinib (fi gure 4B). Thus, when 
time to symptom worsening is added to the clinical 
endpoints of death and disease progression, the benefi t 
of axitinib over sorafenib is maintained.

Discussion
This randomised phase 3 study directly compared 
two VEGFR tyrosine kinase inhibitors, axitinib and 
sorafenib, in patients with metastatic renal cell cancer 
following failure of one previous systemic therapy 
(panel). Axitinib led to a statistically signifi cant and 
clinically meaningful increase in the primary effi  cacy 
endpoint of PFS compared with sorafenib. These results 
are notable since an active agent, sorafenib, was used as 
the comparator rather than placebo. These data also 
support the hypothesis that biochemically more potent 
inhibition of the VEGFR, as achieved with axitinib, 
produces a more robust clinical eff ect.

The preplanned subgroup analyses showed a signifi cant 
superiority of axitinib over sorafenib in both previous 
sunitinib and previous cytokine treatment subgroups. 
The median PFS of 12·1 months in the subgroup of 
previous cytokine treatment was similar to previous 
phase 2 results obtained with axitinib in cytokine-
refractory patients13,15 and to that observed in treatment-
naïve patients treated with sunitinib, pazopanib, or 
bevacizumab plus interferon-alfa. While cross-trial 
comparisons are challenging, the axitinib data for the 
cytokine-refractory subgroup compare favourably with 
similar patient populations treated with sunitinib (about 
8·3 months)24,25 or pazopanib (7·4 months).6 For sorafenib, 
the median PFS of 6·5 months observed in the cytokine-
refractory subgroup is consistent with previous phase 3 
results.5 Results in the sunitinib-refractory subgroup also 
favour axitinib, but with a reduced median PFS in both 
treatment groups. These data suggest that metastatic 
renal cell cancer remains sensitive to VEGFR inhibition, 
even after failure of a previous VEGFR inhibitor, although 
the clinical benefi t of VEGFR inhibition might be reduced 
with subsequent therapy.

Delay of symptom worsening is a treatment goal in 
metastatic renal cell cancer with the currently available 
non-curative therapies. A PFS benefi t for a particular 
drug loses clinical value if symptomatic toxic eff ects from 
the drug are signifi cantly worse over the course of more 
eff ective treatment. The fact that the PFS advantage with 
axitinib is maintained in the composite time to 
deterioration endpoint that included symptom 

Axitinib (n=359) Sorafenib (n=355)

All grades ≥Grade 3 All grades ≥Grade 3

Adverse events

Diarrhoea 197 (55%) 38 (11%) 189 (53%) 26 (7%)

Hypertension 145 (40%) 56 (16%) 103 (29%) 39 (11%)

Fatigue 140 (39%) 41 (11%) 112 (32%) 18 (5%)

Decreased appetite 123 (34%) 18 (5%) 101 (29%) 13 (4%)

Nausea 116 (32%) 9 (3%) 77 (22%) 4 (1%)

Dysphonia 111 (31%) 0 48 (14%) 0

Palmar-plantar erythrodysaesthesia 98 (27%) 18 (5%) 181 (51%) 57 (16%)

Weight decreased 89 (25%) 8 (2%) 74 (21%) 5 (1%)

Vomiting 85 (24%) 12 (3%) 61 (17%) 3 (1%)

Asthenia 74 (21%) 19 (5%) 50 (14%) 9 (3%)

Constipation 73 (20%) 4 (1%) 72 (20%) 3 (1%)

Hypothyroidism 69 (19%) 1 (<1%) 29 (8%) 0

Cough 55 (15%) 3 (1%) 59 (17%) 2 (1%)

Mucosal infl ammation 55 (15%) 5 (1%) 44 (12%) 2 (1%)

Arthralgia 54 (15%) 5 (1%) 39 (11%) 5 (1%)

Stomatitis 54 (15%) 5 (1%) 44 (12%) 1 (<1%)

Rash 45 (13%) 1 (<1%) 112 (32%) 14 (4%)

Alopecia 14 (4%) 0 115 (32%) 0

Laboratory abnormalities*

Anaemia 113/320 (35%) 1/320 (<1%) 165/316 (52%) 12/316 (4%)

Haemoglobin elevation 31/320 (10%) NA 3/316 (1%) NA

Neutropenia 19/316 (6%) 2/316 (1%) 26/308 (8%) 2/308 (1%)

Thrombocytopenia 48/312 (15%) 1/312 (<1%) 44/310 (14%) 0

Lymphopenia 106/317 (33%) 10/317 (3%) 111/309 (36%) 11/309 (4%)

Creatinine elevation 185/336 (55%) 0 131/318 (41%) 1/318 (<1%)

Hypophosphataemia 43/336 (13%) 6/336 (2%) 158/318 (50%) 51/318 (16%)

Hypercalcaemia 19/336 (6%) 0 5/319 (2%) 0

Hypocalcaemia 132/336 (39%) 4/336 (1%) 188/319 (59%) 5/319 (2%)

Lipase elevation 91/338 (27%) 16/338 (5%) 148/319 (46%) 47/319 (15%) 

Data are n (%). NA=not available. *Denominator for each laboratory abnormality diff ered depending on the availability 
of baseline and at least one on-study test result.

Table 3: Common treatment-emergent all-causality adverse events
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deterioration supports the notion that axitinib is 
associated with extended disease control and symptom 
control in this setting.

The tolerability of axitinib was similar to that of 
sorafenib and other VEGFR inhibitors, with some 
exceptions.13,16 Common adverse events seen with axitinib, 
such as diarrhoea, hypertension, and fatigue, have been 
noted with other VEGFR inhibitors. Other adverse events 
often seen with the currently approved VEGFR inhibitors 
that were less commonly reported with axitinib included 
palmar-plantar erythrodysaesthesia, cutaneous toxicities, 
and myelosuppression, highlighting one potential 
advantage of a more specifi c VEGFR inhibitor. The 
diff erent toxicity profi le of axitinib might be more 
tolerable for some patients and might allow patients to 
remain on therapy for extended periods and maintain a 
clinical benefi t.

This study has several important limitations. First, this 
study was not a blinded trial, although all effi  cacy 
endpoints were adjudicated by masked independent 
radiology review. Nevertheless, bias in assessment of 
toxic eff ects might occur with an open-label trial design. 
Secondly, patients without hypertension and with good 
tolerability in the axitinib group were allowed to increase 
their doses, whereas those in the sorafenib group were 
not. This might have contributed to the effi  cacy and 
toxicity profi les of axitinib. The usefulness of axitinib 
dose increases for the treatment of renal cell carcinoma 
is not yet defi ned, but is being prospectively assessed in 
an ongoing phase 2 trial (ClinicalTrials.gov identifi er, 
NCT00835978). By contrast, dose increases for sorafenib 
were shown not to be feasible or provide clinical 
advantages in patients with renal cell carcinoma,26 and 
thus the dose and schedule of sorafenib used in this 
trial represents the standard of care for this drug. Finally, 
the size of the previous-therapy subgroups, including 
patients treated with sunitinib, currently the most 
commonly used fi rst-line drug for renal cancer carcinoma, 
was small. In the previous-bevacizumab and previous-
temsirolimus subgroups, no meaningful conclusions 
can be made because too few patients were previously 
treated with these drugs.

Although now an approved option for therapy in 
patients after failure of treatment with sunitinib or 
sorafenib, the oral mTOR inhibitor everolimus was an 
investigational drug when the present trial was begun 
and thus was not appropriate to include as a comparator 
in this study. Axitinib was therefore assessed against a 
standard of care at that time, sorafenib, which has 
shown activity in patients with treatment-refractory 
renal cell carcinoma and was commonly used in this 
setting.27–29 After AXIS started, data from the phase 3 
RECORD-1 trial were published showing the activity of 
everolimus in refractory patients (median PFS 
4·0 months).30 There are several trial discrepancies that 
make comparison of the activity of axitinib and 
everolimus imprecise. Notably, axitinib was tested only 

Figure 4: Kaplan-Meier analysis of composite endpoint of time to deterioration
FKSI=Functional Assessment of Cancer Therapy Kidney Symptom Index. DRS=Disease-Related Symptoms. Composite 
endpoint of time to deterioration was defi ned as time between date of randomisation to fi rst occurrence of death, 
progression, or deterioration of symptoms, as measured by (A) FKSI-15 and (B) FKSI-DRS. *p values based on 
one-sided log-rank test.
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Panel: Research in context

Systematic review
We searched PubMed for clinical trials published in 2006–10 in English language with 
the MeSH terms “renal cell carcinoma”, “vascular endothelial growth factor receptor”, 
“targeted therapy”, and for specifi c targeted agents (sorafenib, sunitinib, pazopanib, 
everolimus, temsirolimus) for renal cell carcinoma. To date, no randomised phase 3 
trials comparing the eff ectiveness of one targeted drug against another have been 
reported. We did a randomised phase 3 study of axitinib, a potent and selective 
second-generation inhibitor of vascular endothelial growth factor (VEGF) receptors, 
against sorafenib, an approved VEGF receptor inhibitor, to compare the effi  cacy and 
safety of these agents in 723 patients with advanced renal cell carcinoma who failed 
initial therapy with sunitinib, bevacizumab, temsirolimus, or cytokines.

Interpretation
Our results show that axitinib therapy resulted in a statistically signifi cant and 
clinically meaningful increase in the primary effi  cacy endpoint of progression-free 
survival compared with sorafenib. Axitinib also led to a signifi cantly higher objective 
response rate. Moreover, time to deterioration (defi ned as symptom deterioration, 
progression, or death) also favoured axitinib, supporting the idea that prolonging 
disease control connotes clinical benefi t in this treatment setting. The tolerability of 
axitinib generally was similar to sorafenib and other similar inhibitors. These data 
suggest axitinib is a treatment option for second-line therapy of advanced renal 
cell carcinoma.
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in second-line renal cell carcinoma whereas the 
RECORD-1 trial allowed more than one previous 
therapy. Although more lines of previous therapy can 
lead to diminished subsequent response, patients who 
reach third-line or fourth-line therapy necessarily have 
more indolent disease, confounding interpretation of 
PFS. Another interpretation of these data is that 
everolimus retains clinical activity after two or more 
VEGF-targeted drugs. Furthermore, by contrast with 
the AXIS trial, patients who were intolerant of previous 
tyrosine kinase inhibitors were included in the 
RECORD-1 trial; these patients had longer PFS than the 
overall population.30

Both axitinib and everolimus should be considered 
as eff ective second-line treatment options for renal cell 
carcinoma. It is not apparent from comparison of PFS of 
axitinib in this trial and of everolimus in the RECORD-1 
trial that switching mechanism of action or maintaining 
VEGF suppression is a superior strategy in patients with 
renal cell carcinoma. Drug selection for individual 
patients is thus infl uenced by factors such as toxicity 
profi le. The development of validated biomarkers could 
aid in this regard. Although no biomarkers have been 
established for everolimus so far, recent data31 suggest 
that diastolic blood pressure of 90 mm Hg or higher 
during study can serve as a predictive biomarker of 
axitinib effi  cacy in patients with solid tumours, including 
renal cell carcinoma. Moreover, characteristics of front-
line therapy (eg, response or duration of fi rst-line therapy) 
or other clinical variables might be important for selecting 
the best second-line treatment. However, at present, such 
factors are not well defi ned and require further study. 
Additional translational clinical trials are required to 
understand the mechanisms of response and resistance 
to targeted therapy in metastatic renal cell cancer to 
advance patient care.

In conclusion, results from this phase 3 study of 
axitinib showed a statistically signifi cant and clinically 
meaningful improvement in median PFS compared 
with sorafenib in patients with advanced renal cell 
carcinoma. Although overall survival data are not mature 
at this time, survival analyses will help to elucidate the 
utility of axitinib versus sorafenib as second-line therapy 
for renal cell carcinoma. The safety profi le of axitinib 
was generally similar to sorafenib and manageable. 
These results establish axitinib as a treatment option for 
second-line therapy of advanced renal cell carcinoma. 
An ongoing phase 3 trial is comparing axitinib and 
sorafenib in patients with metastatic renal cell cancer 
and no previous systemic fi rst-line therapy or progressive 
disease after one previous systemic fi rst-line regimen for 
meta static disease containing sunitinib, cytokine(s), or 
both. Additional randomised trials assessing comparative 
eff ectiveness of treatments are needed to optimise 
further the use of targeted therapy in renal cell carcinoma 
and establish appropriate sequencing of drugs.
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Simultaneous blockade of programmed death 1 and vascular
endothelial growth factor receptor 2 (VEGFR2) induces synergistic
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Summary

Recent basic and clinical studies have shown that the programmed death
ligand (PD-L)/PD-1 pathway has a significant role in tumour immunity, and
its blockade has a therapeutic potential against several human cancers. We
hypothesized that anti-angiogeneic treatment might augment the efficacy of
PD-1 blockade. To this end, we evaluated combining the blockade of PD-1
and vascular endothelial growth factor receptor 2 (VEGFR2) in a murine
cancer model using Colon-26 adenocarcinoma. Interestingly, simultaneous
treatment with anti-PD-1 and anti-VEGFR2 monoclonal antibodies (mAbs)
inhibited tumour growth synergistically in vivo without overt toxicity. Block-
ing VEGFR2 inhibited tumour neovascularization significantly, as demon-
strated by the reduced number of microvessels, while PD-1 blockade had no
impact on tumour angiogenesis. PD-1 blockade might promote T cell infil-
tration into tumours and significantly enhanced local immune activation, as
shown by the up-regulation of several proinflammatory cytokine expres-
sions. Importantly, VEGFR2 blockade did not interfere with T cell infiltra-
tion and immunological activation induced by PD-1 blockade. In conclusion,
simultaneous blockade of PD-1 and VEGFR2 induced a synergistic in-vivo
anti-tumour effect, possibly through different mechanisms that might not be
mutually exclusive. This unique therapeutic strategy may hold significant
promise for future clinical application.

Keywords: anti-angiogenesis, anti-tumour immunity, immune checkpoint,
PD-1, VEGFR2

Accepted for publication 10 January 2013

Correspondence: M. Sho, Department of

Surgery, Nara Medical University, 840 Shijo-cho,

Kashihara, Nara 634-8522, Japan.

E-mail: m-sho@naramed-u.ac.jp

Introduction

Blocking immune check-points can potentially activate and
sustain T cell response against tumours [1]. Cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4) (CD152) is well
known to serve as a dominant inhibitory receptor on T
cells, and plays a key role in immune tolerance and homeos-
tasis [2,3]. CTLA-4 blockade has been long expected as a
new cancer immunotherapy. A recent large-scale rand-
omized clinical trial demonstrated usefully that immuno-
therapy using anti-human CTLA-4 monoclonal antibody
had a significant anti-tumour response and improved
overall survival in metastatic melanoma [4]. This was the
first therapy to extend overall survival in humans, and one
of the most successful cancer immunotherapies. However,
immune-related adverse events have been also reported, and
some patients have died due to severe toxicities related to
the study drugs. Therefore, another treatment targeting the

T cell-negative regulatory pathway with less toxicity, as well
as substantial efficacy for anti-cancer treatment, would be
desirable.

Programmed death 1 (PD-1, CD279) is another potent
immune check-point receptor [5–7]. PD-1/programmed
death ligand-1 (PD-L1) also functions as a negative regula-
tor of T cell activation and contributes to the prevention of
autoimmune diseases. A number of previous studies have
shown that the PD-1/PD-L1 pathway has clinical impor-
tance in several human malignancies and its blockade has a
significant anti-tumour effect in rodent models [8–10]. Fur-
thermore, recent Phase I clinical trials have shown that anti-
human PD-1 or PD-L1 antibodies were tolerable for clinical
use and might hold great promise as a new anti-cancer
treatment for several advanced human malignancies
[11,12]. However, the effect of targeting PD-1/PD-L1 alone
may be insufficient, especially for advanced or intractable
malignant tumours that are resistant to conventional
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anti-cancer treatments, including chemotherapy and radio-
therapy. Therefore, it is important to investigate the combi-
nation treatments for augmenting the potency of PD-1
blockade.

It is known that angiogenesis is a key feature in cancer
development and metastasis [13,14]. Among various regula-
tors of angiogenesis, vascular endothelial growth factor
(VEGF) and its receptor VEGFR receptor 2 (VEGFR2) are
thought to be essential [15]. Basic findings have shown that
blocking of the VEGF/VEGFR pathway disrupts tumour
microvessels and inhibits tumour growth. Furthermore, it
has been also reported that VEGF/VEGFR blockade could
normalize abnormal tumour vessels and increase tumour
oxygenation, drug supply and immune cells [16–19].
Indeed, anti-VEGF treatment is currently standard therapy
for several human malignancies. However, it is also insuffi-
cient as a single treatment and usually administered with
other cytotoxic anti-cancer drugs.

In this study, we hypothesized that anti-angiogenesis
treatment may enhance the anti-tumour effect of targeting
the PD-1 pathway without enhancing toxicity by efficiently
inducing T cell infiltration into tumours. To this end, we
employed an anti-VEGF receptor-2 (VEGFR2, CD309)
monoclonal antibody (mAb), designated DC101. VEGFR2
is a major receptor for VEGF and plays a central role in
tumour angiogenesis [20]. Furthermore, this mAb has been
proved to have a certain anti-tumour effect in murine
models [21–24].

Materials and methods

Animal and cell line

Female BALB/c mice (5–6 weeks old) were obtained from
Clea Japan (Tokyo, Japan). All mice were maintained under
specific pathogen-free conditions in the animal facility at
Nara Medical University. All experiments were conducted
under a protocol approved by our institutional review
board. A murine Colon-26 adenocarcinoma was obtained
from Riken Cell Bank (Tsukuba, Japan). Cells were grown
in RPMI-1640 supplemented with 10% heat-inactivated
fetal bovine serum.

Antibodies

The anti-mouse PD-1 blocking mAb [RB65 mediating
protein (RMP)1–14, rat immunoglobulin (Ig)G1] was gen-
erated as described previously [25]. The anti-mouse
VEGFR2 blocking mAb (DC101, rat IgG1) was kindly pro-
vided by ImClone Systems (New York, NY, USA). The anti-
mouse CD34 mAb (MEC 14·7, rat IgG2a), anti-CD4
antibody (sc-7219, rabbit polyclonal) and anti-CD8 mAb
(EP1150Y, rabbit IgG) were purchased from Abcam (Tokyo,
Japan), Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA), and Novus Biologicals (Littleton, CO, USA),
respectively.

Animal experimental protocol

One million Colon-26 cells were inoculated subcutaneously
in the flank of syngeneic BALB/c mice with 100 ml of cell
suspension with an equal volume of Matrigel (BD Bio-
science, San Jose, CA, USA). When the tumour reached
4–5 mm in diameter approximately 3 days after tumour
inoculation, treatment was started. In the antibody treat-
ment arm, mice were injected intraperitoneally (i.p.) with
0·25 mg of RMP1–14 and/or 0·8 mg of DC101 every other
day for five times. Control mice received control rat IgG.
The doses were determined on the basis of our preliminary
experiments and previous studies [8,23,24]. Tumour size
was determined by electric caliper measurements. Some
mice were killed and tumours were removed for further
analysis at 11 days after tumour establishment.

Cell viability analysis

Cell viability was determined using one solution cell
proliferation assay kit (MTS assay), according to the
instruction manual (Promega Corporation, Madison, WI,
USA). Briefly, aliquots of 3 ¥ 103 cells per well were cultured
in 96-well plates with control IgG, RMP1–14, DC101 or
both of RMP1–14 and DC101 for 72 h. Antibody was used
at a concentration of 1 or 10 mg/ml. Cell-titre 96 aqueous
one solution was added to each well and incubated for an
additional 1 h. The absorbance at 490 nm was recorded
with a 96-well plate reader. Each experiment was performed
in triplicate and repeated at least three times.

Immunohistochemistry and tumour vessel
density measurement

Formalin-fixed or zinc-fixed, paraffin-embedded tissues of
primary tumour were cut into 5-mm sections, deparaffin-
ized and rehydrated in a graded series of ethanol. To block
endogenous peroxidase, sections were immersed in 0·3%
solution of hydrogen peroxide in absolute methanol for
5 min at room temperature and washed three times in fresh
phosphate-buffered saline (PBS), each for 5 min duration.
Purified rat anti-mouse CD34 mAb, rabbit anti-CD4 anti-
body or rabbit anti-CD8 mAb diluted with antibody diluent
(Dako, Tokyo, Japan) was added and incubated for 1 h at
room temperature or overnight at 4°C. Sections were
washed three times in PBS, each for 5 min duration, and
then Histofine Simple Stain Max PO (Nichirei, Tokyo,
Japan) was added and incubated at room temperature for
30 min. After washing three times, the Histofine diami-
nobenzidine (DAB) substrate kit (Nichirei) was added and
incubated at room temperature for 5 min. Sections were
rinsed three times in distilled water, counterstained with
haematoxylin, dehydrated in ethanol, cleared in Hemo-De
and coverslipped. For tumour vessel density measurement,
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slides were scanned at low power fields (¥40) to identify
areas of highest vascularity. Twenty high-powered (¥200)
fields were then selected randomly within these areas, and
tumour vessel densities were calculated based on the
number of CD34-positive luminal structures. To rule out
the possibility that the staining kit reacted with antibodies
which had been used for the treatment in mice, we con-
firmed that there were no positive signals in the samples
stained without primary anti-CD34 mAb.

Extraction of total RNAs and real-time reverse
transcriptase polymerase chain reaction (PCR) analysis

Total RNA was isolated using RNAspin Mini (GE Health-
care, Tokyo, Japan) and the first-strand cDNA was synthe-
sized from 1 mg RNA using a high-capacity cDNA reverse
transcription kit (Applied Biosystems, Foster City, CA,
USA), according to the manufacturer’s protocol. Real-time
quantitative PCR analysis was carried out using an ABI
Prism 7700 sequence detector system (Applied Biosystems).
All primer/probe sets were purchased from Applied Biosys-
tems. PCR was carried out using the TaqMan Universal PCR
Master Mix (Applied Biosystems) using 1 ml of cDNA in a
20 ml final reaction volume. The PCR thermal cycle condi-
tions were as follows: initial step at 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 15 s and 60°C for 1 min. The
expression level of the housekeeping gene b2-microglobulin
was measured as an internal reference with a standard curve
to determine the integrity of template RNA for all speci-
mens. The ratio of the mRNA level of each gene was calcu-
lated as follows: (absolute copy number of each gene)/
(absolute copy number of b2-microglobulin).

Statistical analysis

Results were expressed as mean values � standard error,
and Student’s t-test or Welch’s t-test were used for evaluat-
ing statistical significance. A value less than 0·05 was consid-
ered statistically significant.

Results

Simultaneous blockade of PD-1 and VEGFR2 induced
synergistic anti-tumour effect

First, we investigated the efficacy of simultaneous blockade
with both PD-1 and VEGFR2 in vivo using the murine
colon cancer model. Tumour cells were inoculated subcuta-
neously with 1 ¥ 106 in the right flank of BALB/c mice and
treated with anti-PD-1 mAb (RMP1–14) and/or anti-
murine VEGFR2 mAb (DC101). Control rat IgG was used
as a control. In-vivo treatment either with anti-PD-1 mAb
or anti-VEGFR2 mAb induced a substantial anti-tumour
effect and inhibited tumour growth significantly compared
to control (Fig. 1). There was no significant difference in

tumour growth between PD-1 and VEGFR2 blockade. Fur-
thermore, dual blockade of both PD-1 and VEGFR2 inhib-
ited tumour growth significantly compared to each mAb
treatment (Fig. 1). Thus, the combination therapy of anti-
PD-1 and anti-VEGFR2 mAb showed a synergistic anti-
tumour effect in tumour growth. There were no overt
toxicities in treated mice.

Effect of PD-1 and VEGFR2 blockade on cancer cells
in vitro

To analyse the underlying mechanisms in tumour growth
inhibition induced by PD-1 and VEGFR2 blockade, we
evaluated the in-vitro effect of anti-PD-1 and anti-VEGFR2
mAb on Colon-26. A total of 3000 Colon-26 were
co-cultured with anti-PD-1 mAb, anti-VEGFR2 mAb or
both mAbs. Control rat IgG was used as a control. The sur-
vival rate of Colon-26 was determined by MTS assay. As a
result, anti-PD-1 mAb and anti-VEGFR2 mAb did not
affect cell survival. Thus, blockade of PD-1 and VEGFR2
does not have any direct effect on cancer cell growth
(Fig. 2).

VEGFR2 blockade inhibited tumour neovascularization

We then analysed tumour neovascularization by immuno-
histochemistry with antibody against CD34 (Fig. 3a). Treat-
ment with anti-VEGFR2 mAb or combination therapy
inhibited the development of tumour microvessels signifi-
cantly compared with control (Fig. 3b). Furthermore, anti-
PD-1 mAb had no effect on tumour neovascularization
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(Fig. 3b). Thus, PD-1 blockade did not interfere with the
anti-cancer treatment targeting tumour angiogenesis.

PD-1 blockade enhanced T cell recruitment
into tumours

We next evaluated tumour T cell infiltrations by immuno-
histochemistry and quantitative real-time PCR analysis.
Although there were no significant statistical differences,
there was a constant tendency of increase in CD4+ and
CD8+ T cell infiltration in tumour tissues treated with anti-
PD-1 mAb alone or combination of anti-PD-1 mAb and
anti-VEGFR2 mAb compared to control or anti-VEGFR2
mAb alone (Fig. 4). Even though anti-VEGFR2 mAb dis-
rupted tumour vessels, as shown above, T cell infiltration in
tumours treated with anti-VEGFR2 mAb or combination
did not decrease. Thus, VEGFR2 blockade did not abrogate
recruitment of T lymphocytes into tumours induced by
PD-1 blockade. In addition, we examined forkhead box
protein 3 (FoxP3) expression in tumours as a marker for
regulatory T cells. We found that FoxP3 expression was not
reduced by anti-VEGFR2 treatment and elevated by anti-
PD-1 treatment (data not shown).

PD-1 blockade activated local immunity

To analyse local immune status in tumours, we evaluated
the several potent proinflammatory cytokines and media-
tors. Treatment with anti-PD-1 mAb or combination
therapy induced a significant increase in the expression of
interferon (IFN)-g, tumour necrosis factor (TNF)-a and

granzyme B in comparison with control (Fig. 5). Thus,
PD-1 blockade enhanced T cell recruitment and activated
local immune status, thereby resulting in tumour reduction.
However, VEGFR2 blockade alone did not induce local
immune activation in this model.

Discussion

This is the first study to investigate the synergistic anti-
tumour effect induced by dual blockade of PD-1 and
VEGFR2. Recent multi-centre Phase I clinical trials have
shown that PD-1 or PD-L1 mAbs were safe in patients with
various types of cancer, and hold promise as new anti-
cancer agents. However, in order to enhance anti-tumour
efficacy of strategies targeting the PD-1/PD-L pathway,
combination therapy may be desirable, especially for refrac-
tory tumours such as pancreatic cancer. Because practical
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reagents targeting PD-1 and VEGF pathways are currently
available, our proposed strategy may have actual clinical rel-
evance. There are several advantages in dual blockade of
completely different pathways. First, the combination
therapy may reduce the harmful effect if they have different
profiles of toxicity, as they can be used at reduced doses
while preserving efficacy. This is important, because both
PD-1 and VEGFR blockades are thought to cause unique
adverse events. For instance, it is known that PD-1 blockade
has a risk of inducing autoimmune reactions and diseases
[10,11,26]. The therapeutic dose of anti-PD-1 antibody may
cause significant harmful effects. Its reduced, but optimal,
dose can be achieved by combination therapy. Although we

have observed no overt toxicity in mice during and after
treatment, careful observations will be required in clinical
applications. Secondly, when combining two reagents that
have different properties, enhanced efficacy may be antici-
pated because of synergistic interactions. Our data indicate
clearly that a synergistic in-vivo anti-tumour effect can be
induced successfully by combining PD-1 and VEGFR2
blockade.

Although the underlying mechanisms are not elucidated
fully, several interpretations may be drawn from our data.
First, as expected, anti-VEGFR2 mAb treatment resulted in
a significant decrease of tumour microvessels. Reducing
tumour vasculature deprives the tumours of blood supply,
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thereby leading to the necrosis or apoptosis of tumour cells
[19,21]. This was not observed in tumours treated with
anti-PD-1 mAb. Secondly, anti-PD-1 mAb treatment
enhanced the infiltration of T cells into tumours. Further-
more, significant increases of several proinflammatory
cytokines were also confirmed in tumours treated with anti-
PD-1 mAb. Thus, PD-1 blockade induced T cell infiltra-
tions, thereby resulting in local immune activation against
tumours. Interestingly, although tumour vessels were
reduced significantly by VEGFR2 blockade, tumour T cell
infiltration was not interfered with the treatment. This
paradoxical phenomenon may be explained by the normali-
zation of tumour vessels induced by anti-angiogenesis treat-
ment [16]. The normalized tumour vessels restore blood
flow and improve the ability to transport oxygen and anti-
cancer drugs as well as immune cells to the tumour
[27–30]. Consistent with our data, previous studies investi-
gating the combination of tumour immunotherapy with
anti-angiogenic therapy have also shown that anti-
angiogenesis treatment does not impede the infiltration of
immune-competent cells into tumours [19,21,31]. In addi-
tion, as regulatory T cells also express PD-1 selectively, it is
possible that PD-1 blockade suppressed regulatory T cells
and inhibited tumour growth [32]. However, our data ana-
lysing FoxP3 expression suggested that regulatory T cells
did not play a significant role in this model. Interestingly,
there were no direct effects of PD-1 or VEGFR2 blockade
on cancer cell growth, as demonstrated by in-vitro studies.
Therefore, combining PD-1 and VEGFR2 blockades may
exert their anti-tumour efficacy through controlling
tumour microenvironments by activating tumour-
infiltrating lymphocytes and inhibiting tumour neovascu-
larization. Taken together, anti-angiogenesis strategy may be
a good candidate for combination with immune check-
point blockade in cancer therapy.

Immunotherapy has long been expected to become a
powerful anti-cancer treatment that can be tumour-specific
and less toxic [33]. It includes cancer vaccine and adoptive
cell therapy. To date, however, there are few definitive
evidences for their efficacy in clinical cancers. Besides
these conventional immunotherapies, monoclonal
antibody-based treatments of targeting T cell negative regu-
latory pathways, CTLA-4 and PD-1, have been recently
introduced and evaluated. A recent large-scale randomized
clinical trial demonstrated that immunotherapy using anti-
human CTLA-4 monoclonal antibody improved overall
survival in metastatic melanoma [4]. To our knowledge, this
is the first strong evidence that immunotherapy has worked
in actual human cancer. In general, there are many path-
ways and mechanisms involved in tumour development and
progression. Thus, it may be difficult to induce a complete
cure by monotherapy or a single anti-cancer method, espe-
cially for intractable tumours. Regarding future clinical
applications, other combination therapies with blockade of
immune check-points should be evaluated in order to

achieve a synergistic anti-tumour effect and less systematic
toxicity. In fact, several previous preclinical in-vivo studies
have shown that the combination of blockade of PD-L1/
PD-1 pathway with the simultaneous use of gemcitabine
[8], anti-LAG-3 [34] or anti-TIM3 mAb [35] exerted a sig-
nificant anti-tumour efficacy without overt toxicity. Fur-
thermore, other immune check-points, including B7-H3
[36], LAG3 [34] or TIM3 [35], should also be evaluated in
the combination of anti-angiogenesis treatment. In addi-
tion, VEGFR1 has become recognized to have unique and
diverse activities, including cancer cell survival and migra-
tion [37]. Therefore, a combination of PD-1 and VEGFR1
blockades warrants further investigation.

Clearly, further studies will be required to achieve defini-
tive conclusions. First, long-term treatment of combination
of PD-1 and VEGFR2 blockade needs to be assessed. In this
study, tumour growth became noticeable after withdrawal
of antibody treatment. It may be desirable that immuno-
therapy can induce tumour-specific memory cells that
prevent tumour recurrence. Therefore, the sustained benefi-
cial and adverse effects by long-term administration of both
mAbs need to be evaluated. Secondly, more fundamental
mechanistic studies should be also performed, as some of
our data failed to demonstrate statistical significance.

In conclusion, we have shown for the first time that the
combination of PD-1 and VEGFR2 had induced a synergis-
tic in-vivo anti-tumour effect without overt toxicity. This
unique strategy may have clinical relevance and should have
the potential to be evaluated in future clinical trials.
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HIGHLIGHTS OF PRESCRIBING INFORMATION 
These highlights do not include all the information needed to use 
INLYTA safely and effectively. See full prescribing information for 
INLYTA. 

INLYTA® (axitinib) tablets for oral administration 
Initial U.S. Approval:  2012 

---------------------------INDICATIONS AND USAGE-----------------------
INLYTA is a kinase inhibitor indicated for the treatment of advanced 
renal cell carcinoma after failure of one prior systemic therapy. (1) 

------------------------DOSAGE AND ADMINISTRATION-----------------
•	 The starting dose is 5 mg orally twice daily. Dose adjustments can 

be made based on individual safety and tolerability. (2.1, 2.2) 
•	 Administer INLYTA dose approximately 12 hours apart with or 

without food. (2.1) 
•	 INLYTA should be swallowed whole with a glass of water. (2.1) 
•	 If a strong CYP3A4/5 inhibitor is required, decrease the INLYTA 

dose by approximately half. (2.2) 
•	 For patients with moderate hepatic impairment, decrease the starting 

dose by approximately half. (2.2) 

------------------------DOSAGE FORMS AND STRENGTHS--------------
1 mg and 5 mg tablets (3) 
--------------------------------CONTRAINDICATIONS------------------------
None (4) 
------------------------WARNINGS AND PRECAUTIONS------------------
•	 Hypertension including hypertensive crisis has been observed. 

Blood pressure should be well-controlled prior to initiating 
INLYTA. Monitor for hypertension and treat as needed. For 
persistent hypertension despite use of anti-hypertensive medications, 
reduce the INLYTA dose. (5.1) 

•	 Arterial and venous thrombotic events have been observed and can 
be fatal. Use with caution in patients who are at increased risk for 
these events. (5.2, 5.3)  

•	 Hemorrhagic events, including fatal events, have been reported. 
INLYTA has not been studied in patients with evidence of untreated 
brain metastasis or recent active gastrointestinal bleeding and should 
not be used in those patients. (5.4) 

•	 Gastrointestinal perforation and fistula, including death, have 
occurred. Use with caution in patients at risk for gastrointestinal 
perforation or fistula. (5.5) 

•	 Hypothyroidism requiring thyroid hormone replacement has been 
reported. Monitor thyroid function before initiation of, and 
periodically throughout, treatment with INLYTA. (5.6) 

•	 Stop INLYTA at least 24 hours prior to scheduled surgery. (5.7) 
•	 Reversible Posterior Leukoencephalopathy Syndrome (RPLS) has 

been observed. Permanently discontinue INLYTA if signs or 
symptoms of RPLS occur. (5.8) 

•	 Monitor for proteinuria before initiation of, and periodically 
throughout, treatment with INLYTA. For moderate to severe 
proteinuria, reduce the dose or temporarily interrupt treatment with 
INLYTA. (5.9) 

•	 Liver enzyme elevation has been observed during treatment with 
INLYTA. Monitor ALT, AST and bilirubin before initiation of, and 
periodically throughout, treatment with INLYTA. (5.10) 

•	 The starting dose of INLYTA should be decreased if used in 
patients with moderate hepatic impairment. INLYTA has not been 
studied in patients with severe hepatic impairment. (2.2, 5.11) 

•	 INLYTA can cause fetal harm when administered to a pregnant 
woman based on its mechanism of action. Women of childbearing 
potential should be advised of the potential hazard to the fetus and 
to avoid becoming pregnant while receiving INLYTA. (5.12, 8.1) 

------------------------------ADVERSE REACTIONS--------------------------
The most common (≥20%) adverse reactions are diarrhea, hypertension, 
fatigue, decreased appetite, nausea, dysphonia, palmar-plantar 
erythrodysesthesia (hand-foot) syndrome, weight decreased, vomiting, 
asthenia, and constipation. (6.1) 

To report SUSPECTED ADVERSE REACTIONS, contact Pfizer, 
Inc at 1-800-438-1985 or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch. 

---------------------------------DRUG INTERACTIONS-----------------------
•	 Avoid strong CYP3A4/5 inhibitors.  If unavoidable, reduce the 

INLYTA dose. (2.2, 7.1) 
•	 Avoid strong CYP3A4/5 inducers. (7.2) 

See 17 for PATIENT COUNSELING INFORMATION and 
FDA-approved patient labeling 

FULL PRESCRIBING INFORMATION:  CONTENTS* 
1 INDICATIONS AND USAGE 
2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing 
2.2 Dose Modification Guidelines 

3 DOSAGE FORMS AND STRENGTHS 
4 CONTRAINDICATIONS 
5 WARNINGS AND PRECAUTIONS 

5.1 Hypertension and Hypertensive Crisis 
5.2 Arterial Thromboembolic Events 
5.3 Venous Thromboembolic Events 
5.4 Hemorrhage 
5.5 Gastrointestinal Perforation and Fistula Formation 
5.6 Thyroid Dysfunction  
5.7 Wound Healing Complications 
5.8 Reversible Posterior Leukoencephalopathy Syndrome 
5.9 Proteinuria 
5.10 Elevation of Liver Enzymes 
5.11   Hepatic Impairment 
5.12   Pregnancy 

6 ADVERSE REACTIONS 
6.1 Clinical Trials Experience 

7 DRUG INTERACTIONS 
7.1 CYP3A4/5 Inhibitors 
7.2 CYP3A4/5 Inducers 

8 USE IN SPECIFIC POPULATIONS  
8.1 Pregnancy 

8.3 Nursing Mothers 
8.4 Pediatric Use 
8.5 Geriatric Use 
8.6 Hepatic Impairment 
8.7 Renal Impairment 

10 OVERDOSAGE 
11 DESCRIPTION 
12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
12.2 Pharmacodynamics 
12.3 Pharmacokinetics 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

14 CLINICAL STUDIES 
16 HOW SUPPLIED/STORAGE AND HANDLING 
17 PATIENT COUNSELING INFORMATION 

17.1 Hypertension 
17.2 Arterial/Venous Thromboembolic Events 
17.3 Hemorrhage 
17.4 Gastrointestinal Disorders 
17.5 Abnormal Thyroid Function  
17.6 Wound Healing Complications 
17.7    Reversible Posterior Leukoencephalopathy Syndrome 
17.8 Pregnancy 
17.9 Concomitant Medications 

*Sections or subsections omitted from the Full Prescribing Information 
are not listed. 
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FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND USAGE 

INLYTA is indicated for the treatment of advanced renal cell carcinoma (RCC) after failure of 
one prior systemic therapy.  

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosing  
The recommended starting oral dose of INLYTA is 5 mg twice daily. Administer INLYTA doses 
approximately 12 hours apart with or without food [see Clinical Pharmacology (12.3)]. INLYTA 
should be swallowed whole with a glass of water. 

If the patient vomits or misses a dose, an additional dose should not be taken. The next prescribed 
dose should be taken at the usual time. 

2.2 Dose Modification Guidelines 
Dose increase or reduction is recommended based on individual safety and tolerability. 

Over the course of treatment, patients who tolerate INLYTA for at least two consecutive weeks 
with no adverse reactions >Grade 2 (according to the Common Toxicity Criteria for Adverse 
Events [CTCAE]), are normotensive, and are not receiving anti-hypertension medication, may 
have their dose increased.  When a dose increase from 5 mg twice daily is recommended, the 
INLYTA dose may be increased to 7 mg twice daily, and further to 10 mg twice daily using the 
same criteria. 

Over the course of treatment, management of some adverse drug reactions may require temporary 
interruption or permanent discontinuation and/or dose reduction of INLYTA therapy [see 
Warnings and Precautions (5)]. If dose reduction from 5 mg twice daily is required, the 
recommended dose is 3 mg twice daily. If additional dose reduction is required, the recommended 
dose is 2 mg twice daily. 

Strong CYP3A4/5 Inhibitors:  The concomitant use of strong CYP3A4/5 inhibitors should be 
avoided (e.g., ketoconazole, itraconazole, clarithromycin, atazanavir, indinavir, nefazodone, 
nelfinavir, ritonavir, saquinavir, telithromycin, and voriconazole). Selection of an alternate 
concomitant medication with no or minimal CYP3A4/5 inhibition potential is recommended. 
Although INLYTA dose adjustment has not been studied in patients receiving strong CYP3A4/5 
inhibitors, if a strong CYP3A4/5 inhibitor must be co-administered, a dose decrease of INLYTA 
by approximately half is recommended, as this dose reduction is predicted to adjust the axitinib 
area under the plasma concentration vs time curve (AUC) to the range observed without 
inhibitors. The subsequent doses can be increased or decreased based on individual safety and 
tolerability. If co-administration of the strong inhibitor is discontinued, the INLYTA dose should 
be returned (after 3 – 5 half-lives of the inhibitor) to that used prior to initiation of the strong 
CYP3A4/5 inhibitor [see Drug Interactions (7.1) and Clinical Pharmacology (12.3)]. 

Hepatic Impairment:  No starting dose adjustment is required when administering INLYTA to 
patients with mild hepatic impairment (Child-Pugh class A). Based on the pharmacokinetic data, 

2 


Reference ID: 3078397 

125



 

  

 

 

 

 

 

 

 

 

 

 

the INLYTA starting dose should be reduced by approximately half in patients with baseline 
moderate hepatic impairment (Child-Pugh class B). The subsequent doses can be increased or 
decreased based on individual safety and tolerability. INLYTA has not been studied in patients 
with severe hepatic impairment (Child-Pugh class C) [see Warnings and Precautions (5.11), Use 
in Specific Populations (8.6), and Clinical Pharmacology (12.3)]. 

3 DOSAGE FORMS AND STRENGTHS 
1 mg tablets of INLYTA: red, film-coated, oval tablets, debossed with “Pfizer” on one side and “1 
XNB” on the other side. 

5 mg tablets of INLYTA: red, film-coated, triangular tablets, debossed with “Pfizer” on one side 
and “5 XNB” on the other side. 

4 CONTRAINDICATIONS 
None 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypertension and Hypertensive Crisis 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, hypertension 
was reported in 145/359 patients (40%) receiving INLYTA and 103/355 patients (29%) receiving 
sorafenib. Grade 3/4 hypertension was observed in 56/359 patients (16%) receiving INLYTA and 
39/355 patients (11%) receiving sorafenib. Hypertensive crisis was reported in 2/359 patients 
(<1%) receiving INLYTA and none of the patients receiving sorafenib. The median onset time for 
hypertension (systolic blood pressure >150 mmHg or diastolic blood pressure >100 mmHg) was 
within the first month of the start of INLYTA treatment and blood pressure increases have been 
observed as early as 4 days after starting INLYTA. Hypertension was managed with standard 
antihypertensive therapy. Discontinuation of INLYTA treatment due to hypertension occurred in 
1/359 patients (<1%) receiving INLYTA and none of the patients receiving sorafenib [see 
Adverse Reactions (6.1)]. 

Blood pressure should be well-controlled prior to initiating INLYTA. Patients should be 
monitored for hypertension and treated as needed with standard anti-hypertensive therapy. In the 
case of persistent hypertension despite use of anti-hypertensive medications, reduce the INLYTA 
dose. Discontinue INLYTA if hypertension is severe and persistent despite anti-hypertensive 
therapy and dose reduction of INLYTA, and discontinuation should be considered if there is 
evidence of hypertensive crisis. If INLYTA is interrupted, patients receiving antihypertensive 
medications should be monitored for hypotension [see Dosage and Administration (2.2)]. 

5.2 Arterial Thromboembolic Events  
In clinical trials, arterial thromboembolic events have been reported, including deaths. In a 
controlled clinical study with INLYTA for the treatment of patients with RCC, Grade 3/4 arterial 
thromboembolic events were reported in 4/359 patients (1%) receiving INLYTA and 4/355 
patients (1%) receiving sorafenib. Fatal cerebrovascular accident was reported in 1/359 patients 

3 


Reference ID: 3078397 

126



 

 

 

  

 

 

 

 

 

 

 

(<1%) receiving INLYTA and none of the patients receiving sorafenib [see Adverse Reactions 
(6.1)]. 

In clinical trials with INLYTA, arterial thromboembolic events (including transient ischemic 
attack, cerebrovascular accident, myocardial infarction, and retinal artery occlusion) were 
reported in 17/715 patients (2%), with two deaths secondary to cerebrovascular accident. 

Use INLYTA with caution in patients who are at risk for, or who have a history of, these events. 
INLYTA has not been studied in patients who had an arterial thromboembolic event within the 
previous 12 months. 

5.3 Venous Thromboembolic Events  
In clinical trials, venous thromboembolic events have been reported, including deaths. In a 
controlled clinical study with INLYTA for the treatment of patients with RCC, venous 
thromboembolic events were reported in 11/359 patients (3%) receiving INLYTA and 2/355 
patients (1%) receiving sorafenib. Grade 3/4 venous thromboembolic events were reported in 
9/359 patients (3%) receiving INLYTA (including pulmonary embolism, deep vein thrombosis, 
retinal vein occlusion and retinal vein thrombosis) and 2/355 patients (1%) receiving sorafenib. 
Fatal pulmonary embolism was reported in 1/359 patients (<1%) receiving INLYTA and none of 
the patients receiving sorafenib. In clinical trials with INLYTA, venous thromboembolic events 
were reported in 22/715 patients (3%), with two deaths secondary to pulmonary embolism. 

Use INLYTA with caution in patients who are at risk for, or who have a history of, these events. 
INLYTA has not been studied in patients who had a venous thromboembolic event within the 
previous 6 months. 

5.4 Hemorrhage 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, hemorrhagic 
events were reported in 58/359 patients (16%) receiving INLYTA and 64/355 patients (18%) 
receiving sorafenib. Grade 3/4 hemorrhagic events were reported in 5/359 (1%) patients receiving 
INLYTA (including cerebral hemorrhage, hematuria, hemoptysis, lower gastrointestinal 
hemorrhage, and melena) and 11/355 (3%) patients receiving sorafenib. Fatal hemorrhage was 
reported in 1/359 patients (<1%) receiving INLYTA (gastric hemorrhage) and 3/355 patients 
(1%) receiving sorafenib. 

INLYTA has not been studied in patients who have evidence of untreated brain metastasis or 
recent active gastrointestinal bleeding and should not be used in those patients. If any bleeding 
requires medical intervention, temporarily interrupt the INLYTA dose.  

5.5 Gastrointestinal Perforation and Fistula Formation 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, 
gastrointestinal perforation was reported in 1/359 patients (<1%) receiving INLYTA and none of 
the patients receiving sorafenib. In clinical trials with INLYTA, gastrointestinal perforation was 
reported in 5/715 patients (1%), including one death.  In addition to cases of gastrointestinal 
perforation, fistulas were reported in 4/715 patients (1%). 

Monitor for symptoms of gastrointestinal perforation or fistula periodically throughout treatment 
with INLYTA. 
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5.6 Thyroid Dysfunction 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, 
hypothyroidism was reported in 69/359 patients (19%) receiving INLYTA and 29/355 patients 
(8%) receiving sorafenib. Hyperthyroidism was reported in 4/359 patients (1%) receiving 
INLYTA and 4/355 patients (1%) receiving sorafenib. In patients who had thyroid stimulating 
hormone (TSH) <5 μU/mL before treatment, elevations of TSH to ≥10 μU/mL occurred in 79/245 
patients (32%) receiving INLYTA and 25/232 patients (11%) receiving sorafenib [see Adverse 
Reactions (6.1)]. 

Monitor thyroid function before initiation of, and periodically throughout, treatment with 
INLYTA. Treat hypothyroidism and hyperthyroidism according to standard medical practice to 
maintain euthyroid state. 

5.7 Wound Healing Complications 
No formal studies of the effect of INLYTA on wound healing have been conducted. 

Stop treatment with INLYTA at least 24 hours prior to scheduled surgery. The decision to resume 
INLYTA therapy after surgery should be based on clinical judgment of adequate wound healing. 

5.8 Reversible Posterior Leukoencephalopathy Syndrome 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, reversible 
posterior leukoencephalopathy syndrome (RPLS) was reported in 1/359 patients (<1%) receiving 
INLYTA and none of the patients receiving sorafenib [see Adverse Reactions (6.1)]. There were 
two additional reports of RPLS in other clinical trials with INLYTA. 

RPLS is a neurological disorder which can present with headache, seizure, lethargy, confusion, 
blindness and other visual and neurologic disturbances. Mild to severe hypertension may be 
present. Magnetic resonance imaging is necessary to confirm the diagnosis of RPLS. Discontinue 
INLYTA in patients developing RPLS. The safety of reinitiating INLYTA therapy in patients 
previously experiencing RPLS is not known. 

5.9 Proteinuria 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, proteinuria 
was reported in 39/359 patients (11%) receiving INLYTA and 26/355 patients (7%) receiving 
sorafenib. Grade 3 proteinuria was reported in 11/359 patients (3%) receiving INLYTA and 6/355 
patients (2%) receiving sorafenib [see Adverse Reactions (6.1)]. 

Monitoring for proteinuria before initiation of, and periodically throughout, treatment with 
INLYTA is recommended. For patients who develop moderate to severe proteinuria, reduce the 
dose or temporarily interrupt INLYTA treatment. 

5.10 Elevation of Liver Enzymes 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, alanine 
aminotransferase (ALT) elevations of all grades occurred in 22% of patients on both arms, with 
Grade 3/4 events in <1% of patients on the INLYTA arm and 2% of patients on the sorafenib arm. 

Monitor ALT, aspartate aminotransferase (AST) and bilirubin before initiation of and periodically 
throughout treatment with INLYTA. 
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5.11 Hepatic Impairment 
The systemic exposure to axitinib was higher in subjects with moderate hepatic impairment 
(Child-Pugh class B) compared to subjects with normal hepatic function. A dose decrease is 
recommended when administering INLYTA to patients with moderate hepatic impairment (Child-
Pugh class B). INLYTA has not been studied in patients with severe hepatic impairment (Child-
Pugh class C) [see Dosage and Administration (2.2), Use in Specific Populations (8.6), and 
Clinical Pharmacology (12.3)]. 

5.12 Pregnancy 
INLYTA can cause fetal harm when administered to a pregnant woman based on its mechanism 
of action. There are no adequate and well-controlled studies in pregnant women using INLYTA.  
In developmental toxicity studies in mice, axitinib was teratogenic, embryotoxic and fetotoxic at 
maternal exposures that were lower than human exposures at the recommended clinical dose. 

Women of childbearing potential should be advised to avoid becoming pregnant while receiving 
INLYTA. If this drug is used during pregnancy, or if a patient becomes pregnant while receiving 
this drug, the patient should be apprised of the potential hazard to the fetus [see Use in Specific 
Populations (8.1)]. 

6 ADVERSE REACTIONS 
Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in clinical practice.  

The safety of INLYTA has been evaluated in 715 patients in monotherapy studies, which 
included 537 patients with advanced RCC. The data described [see Adverse Reactions (6.1)] 
reflect exposure to INLYTA in 359 patients with advanced RCC who participated in a 
randomized clinical study versus sorafenib [see Clinical Studies (14)]. 

The following risks, including appropriate action to be taken, are discussed in greater detail in 
other sections of the label [see Warnings and Precautions (5.1-5.10 and 5.12)]: hypertension, 
arterial thromboembolic events, venous thromboembolic events, hemorrhage, gastrointestinal 
perforation and fistula formation, thyroid dysfunction, wound healing complications, RPLS, 
proteinuria, elevation of liver enzymes, and fetal development. 

6.1 Clinical Trials Experience 
The median duration of treatment was 6.4 months (range 0.03 to 22.0) for patients who received 
INLYTA and 5.0 months (range 0.03 to 20.1) for patients who received sorafenib. Dose 
modifications or temporary delay of treatment due to an adverse reaction occurred in 199/359 
patients (55%) receiving INLYTA and 220/355 patients (62%) receiving sorafenib. Permanent 
discontinuation due to an adverse reaction occurred in 34/359 patients (9%) receiving INLYTA 
and 46/355 patients (13%) receiving sorafenib. 

The most common (≥20%) adverse reactions observed following treatment with INLYTA were 
diarrhea, hypertension, fatigue, decreased appetite, nausea, dysphonia, palmar-plantar 
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erythrodysesthesia (hand-foot) syndrome, weight decreased, vomiting, asthenia, and constipation. 
Table 1 presents adverse reactions reported in ≥10% patients who received INLYTA or sorafenib. 

Table 1. Adverse Reactions Occurring in ≥10% of Patients Who Received INLYTA or 
Sorafenib 

Adverse Reactiona 

INLYTA Sorafenib 
(N=359) (N=355) 

All 
Gradesb 

Grade 
3/4 

All 
Gradesb 

Grade 
3/4 

% % % % 
Diarrhea 55 11 53 7 
Hypertension 40 16 29 11 
Fatigue 39 11 32 5 
Decreased appetite 34 5 29 4 
Nausea 32 3 22 1 
Dysphonia 31 0 14 0 
Palmar-plantar erythrodysesthesia syndrome 27 5 51 16 
Weight decreased 25 2 21 1 
Vomiting 24 3 17 1 
Asthenia 21 5 14 3 
Constipation 20 1 20 1 
Hypothyroidism 19 <1 8 0 
Cough 15 1 17 1 
Mucosal inflammation 15 1 12 1 
Arthralgia 15 2 11 1 
Stomatitis 15 1 12 <1 
Dyspnea 15 3 12 3 
Abdominal pain 14 2 11 1 
Headache 14 1 11 0 
Pain in extremity 13 1 14 1 
Rash 13 <1 32 4 
Proteinuria 11 3 7 2 
Dysgeusia 11 0 8 0 
Dry skin 10 0 11 0 
Dyspepsia 10 0 2 0 
Pruritus 7 0 12 0 
Alopecia 4 0 32 0 
Erythema 2 0 10 <1 
a Percentages are treatment-emergent, all-causality events 
b National Cancer Institute Common Terminology Criteria for Adverse Events, Version 3.0 

Selected adverse reactions (all grades) that were reported in <10% of patients treated with 
INLYTA included dizziness (9%), upper abdominal pain (8%), myalgia (7%), dehydration (6%), 
epistaxis (6%), anemia (4%), hemorrhoids (4%), hematuria (3%), tinnitus (3%), lipase increased 
(3%), pulmonary embolism (2%), rectal hemorrhage (2%), hemoptysis (2%), deep vein 
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thrombosis (1%), retinal-vein occlusion/thrombosis (1%), polycythemia (1%), transient ischemic 
attack (1%), and RPLS (<1%). 

Table 2 presents the most common laboratory abnormalities reported in ≥10% patients who 
received INLYTA or sorafenib. 

Table 2. Laboratory Abnormalities Occurring in ≥10% of Patients Who Received INLYTA 
or Sorafenib 

Laboratory 
Abnormality N 

INLYTA 

N 

Sorafenib 
All 

Gradesa 
Grade 

3/4 
All 

Gradesa 
Grade 

3/4 
% % % % 

Hematology 
Hemoglobin decreased 320 35 <1 316 52 4 
Lymphocytes (absolute) decreased  317 33 3 309 36 4 
Platelets decreased 312 15 <1 310 14 0 
White blood cells decreased 320 11 0 315 16 <1 
Chemistry 
Creatinine increased 336 55 0 318 41 <1 
Bicarbonate decreased 314 44 <1 291 43 0 
Hypocalcemia 336 39 1 319 59 2 
ALP increased 336 30 1 319 34 1 
Hyperglycemia 336 28 2 319 23 2 
Lipase increased 338 27 5 319 46 15 
Amylase increased 338 25 2 319 33 2 
ALT increased 331 22 <1 313 22 2 
AST increased 331 20 <1 311 25 1 
Hypernatremia  338 17 1 319 13 1 
Hypoalbuminemia  337 15 <1 319 18 1 
Hyperkalemia  333 15 3 314 10 3 
Hypoglycemia  336 11 <1 319 8 <1 
Hyponatremia  338 13 4 319 11 2 
Hypophosphatemia  336 13 2 318 49 16 

a National Cancer Institute Common Terminology Criteria for Adverse Events, Version 3.0 
ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase 

Selected laboratory abnormalities (all grades) that were reported in <10% of patients treated with 
INLYTA included hemoglobin increased (above the upper limit of normal) (9% for INLYTA 
versus 1% for sorafenib). 

7 DRUG INTERACTIONS 
In vitro data indicate that axitinib is metabolized primarily by CYP3A4/5 and, to a lesser extent, 
CYP1A2, CYP2C19, and uridine diphosphate-glucuronosyltransferase (UGT) 1A1. 

7.1 CYP3A4/5 Inhibitors 
Co-administration of ketoconazole, a strong inhibitor of CYP3A4/5, increased the plasma 
exposure of axitinib in healthy volunteers. Co-administration of INLYTA with strong CYP3A4/5 
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inhibitors should be avoided. Grapefruit or grapefruit juice may also increase axitinib plasma 
concentrations and should be avoided. Selection of concomitant medication with no or minimal 
CYP3A4/5 inhibition potential is recommended. If a strong CYP3A4/5 inhibitor must be co­
administered, the INLYTA dose should be reduced [see Dosage and Administration (2.2) and 
Clinical Pharmacology (12.3)]. 

7.2 CYP3A4/5 Inducers 
Co-administration of rifampin, a strong inducer of CYP3A4/5, reduced the plasma exposure of 
axitinib in healthy volunteers. Co-administration of INLYTA with strong CYP3A4/5 inducers 
(e.g., rifampin, dexamethasone, phenytoin, carbamazepine, rifabutin, rifapentin, phenobarbital, 
and St. John’s wort) should be avoided. Selection of concomitant medication with no or minimal 
CYP3A4/5 induction potential is recommended [see Dosage and Administration (2.2) and 
Clinical Pharmacology (12.3)]. Moderate CYP3A4/5 inducers (e.g., bosentan, efavirenz, 
etravirine, modafinil, and nafcillin) may also reduce the plasma exposure of axitinib and should 
be avoided if possible. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 
Pregnancy Category D [see Warnings and Precautions (5.12)]. 

There are no adequate and well-controlled studies with INLYTA in pregnant women.  INLYTA 
can cause fetal harm when administered to a pregnant woman based on its mechanism of action.  
Axitinib was teratogenic, embryotoxic and fetotoxic in mice at exposures lower than human 
exposures at the recommended starting dose. If this drug is used during pregnancy, or if the 
patient becomes pregnant while receiving this drug, the patient should be apprised of the potential 
hazard to the fetus. 

Oral axitinib administered twice daily to female mice prior to mating and through the first week 
of pregnancy caused an increase in post-implantation loss at all doses tested (≥15 mg/kg/dose, 
approximately 10 times the systemic exposure (AUC) in patients at the recommended starting 
dose). In an embryo-fetal developmental toxicity study, pregnant mice received oral doses of 
0.15, 0.5 and 1.5 mg/kg/dose axitinib twice daily during the period of organogenesis. Embryo-
fetal toxicities observed in the absence of maternal toxicity included malformation (cleft palate) at 
1.5 mg/kg/dose (approximately 0.5 times the AUC in patients at the recommended starting dose) 
and variation in skeletal ossification at ≥0.5 mg/kg/dose (approximately 0.15 times the AUC in 
patients at the recommended starting dose). 

8.3 Nursing Mothers 
It is not known whether axitinib is excreted in human milk. Because many drugs are excreted in 
human milk and because of the potential for serious adverse reactions in nursing infants from 
INLYTA, a decision should be made whether to discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to the mother. 

8.4 Pediatric Use 
The safety and efficacy of INLYTA in pediatric patients have not been studied. 
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Toxicities in bone and teeth were observed in immature mice and dogs administered oral axitinib 
twice daily for 1 month or longer. Effects in bone consisted of thickened growth plates in mice 
and dogs at ≥15 mg/kg/dose (approximately 6 and 15 times, respectively, the systemic exposure 
(AUC) in patients at the recommended starting dose).  Abnormalities in growing incisor teeth 
(including dental caries, malocclusions and broken and/or missing teeth) were observed in mice 
administered oral axitinib twice daily at ≥5 mg/kg/dose (approximately 1.5 times the AUC in 
patients at the recommended starting dose).  Other toxicities of potential concern to pediatric 
patients have not been evaluated in juvenile animals. 

8.5 Geriatric Use 
In a controlled clinical study with INLYTA for the treatment of patients with RCC, 123/359 
patients (34%) treated with INLYTA were ≥65 years of age. Although greater sensitivity in some 
older individuals cannot be ruled out, no overall differences were observed in the safety and 
effectiveness of INLYTA between patients who were ≥65 years of age and younger. 

No dosage adjustment is required in elderly patients [see Dosage and Administration (2.2) and 
Clinical Pharmacology (12.3)]. 

8.6 Hepatic Impairment 
In a dedicated hepatic impairment trial, compared to subjects with normal hepatic function, 
systemic exposure following a single dose of INLYTA was similar in subjects with baseline mild 
hepatic impairment (Child-Pugh class A) and higher in subjects with baseline moderate hepatic 
impairment (Child-Pugh class B). 

No starting dose adjustment is required when administering INLYTA to patients with mild 
hepatic impairment (Child-Pugh class A). A starting dose decrease is recommended when 
administering INLYTA to patients with moderate hepatic impairment (Child-Pugh class B) [see 
Dosage and Administration (2.2), Warnings and Precautions (5.11), and Clinical Pharmacology 
(12.3)]. 

INLYTA has not been studied in subjects with severe hepatic impairment (Child-Pugh class C). 

8.7 Renal Impairment 
No dedicated renal impairment trial for axitinib has been conducted. Based on the population 
pharmacokinetic analyses, no significant difference in axitinib clearance was observed in patients 
with pre-existing mild to severe renal impairment (15 mL/min ≤creatinine clearance [CLcr] <89 
mL/min) [see Clinical Pharmacology (12.3)]. No starting dose adjustment is needed for patients 
with pre-existing mild to severe renal impairment.  Caution should be used in patients with end-
stage renal disease (CLcr <15 mL/min). 

10 OVERDOSAGE 
There is no specific treatment for INLYTA overdose. 

In a controlled clinical study with INLYTA for the treatment of patients with RCC, 1 patient 
inadvertently received a dose of 20 mg twice daily for 4 days and experienced dizziness (Grade 
1). 
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In a clinical dose finding study with INLYTA, subjects who received starting doses of 10 mg 
twice daily or 20 mg twice daily experienced adverse reactions which included hypertension, 
seizures associated with hypertension, and fatal hemoptysis. 

In cases of suspected overdose, INLYTA should be withheld and supportive care instituted. 

11 DESCRIPTION 
INLYTA (axitinib) is a kinase inhibitor. Axitinib has the chemical name N-methyl-2-[3-((E)­
2-pyridin-2-yl-vinyl)-1H-indazol-6-ylsulfanyl]-benzamide. The molecular formula is C22H18N4OS 
and the molecular weight is 386.47 Daltons. The chemical structure is: 

Axitinib is a white to light-yellow powder with a pKa of 4.8. The solubility of axitinib in aqueous 
media over the range pH 1.1 to pH 7.8 is in excess of 0.2 μg/mL. The partition coefficient (n­
octanol/water) is 3.5. 

INLYTA is supplied as red, film-coated tablets containing either 1 mg or 5 mg of axitinib 
together with microcrystalline cellulose, lactose monohydrate, croscarmellose sodium, 
magnesium stearate, and Opadry® II red 32K15441 as inactive ingredients. The Opadry II red 
32K15441 film coating contains lactose monohydrate, HPMC 2910/Hypromellose 15cP, titanium 
dioxide, triacetin (glycerol triacetate), and red iron oxide. 

12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
Axitinib has been shown to inhibit receptor tyrosine kinases including vascular endothelial 
growth factor receptors (VEGFR)-1, VEGFR-2, and VEGFR-3 at therapeutic plasma 
concentrations. These receptors are implicated in pathologic angiogenesis, tumor growth, and 
cancer progression. VEGF-mediated endothelial cell proliferation and survival were inhibited by 
axitinib in vitro and in mouse models. Axitinib was shown to inhibit tumor growth and 
phosphorylation of VEGFR-2 in tumor xenograft mouse models. 

12.2 Pharmacodynamics 

The effect of a single oral dose of INLYTA (5 mg) in the absence and presence of 400 mg 
ketoconazole on the QTc interval was evaluated in a randomized, single-blinded, two-way 
crossover study in 35 healthy subjects. No large changes in mean QTc interval (i.e., >20 ms) from 
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placebo were detected up to 3 hours post-dose.  However, small increases in mean QTc interval 
(i.e., <10 ms) cannot be ruled out. 

12.3 Pharmacokinetics 
The population pharmacokinetic analysis pooled data from 17 trials in healthy subjects and 
patients with cancer. A two-compartment disposition model with first-order absorption and lag-
time adequately describes the axitinib concentration-time profile. 

Absorption and Distribution: Following single oral 5-mg dose administration, the median Tmax 
ranged from 2.5 to 4.1 hours. Based on the plasma half-life, steady state is expected within 2 to 3 
days of dosing. Dosing of axitinib at 5 mg twice daily resulted in approximately 1.4-fold 
accumulation compared to administration of a single dose.  At steady state, axitinib exhibits 
approximately linear pharmacokinetics within the 1-mg to 20-mg dose range.  The mean absolute 
bioavailability of axitinib after an oral 5 mg dose is 58%. 

Compared to overnight fasting, administration of INLYTA with a moderate fat meal resulted in 
10% lower AUC and a high fat, high-calorie meal resulted in 19% higher AUC. INLYTA can be 
administered with or without food [see Dosage and Administration (2.1)]. 

Axitinib is highly bound (>99%) to human plasma proteins with preferential binding to albumin 
and moderate binding to α1-acid glycoprotein. In patients with advanced RCC (n=20), at the 5 mg 
twice daily dose in the fed state, the geometric mean (CV%) Cmax and AUC0-24 were 27.8 (79%) 
ng/mL and 265 (77%) ng.h/mL, respectively. The geometric mean (CV%) clearance and apparent 
volume of distribution were 38 (80%) L/h and 160 (105%) L, respectively. 

Metabolism and Elimination: The plasma half life of INLYTA ranges from 2.5 to 6.1 hours. 
Axitinib is metabolized primarily in the liver by CYP3A4/5 and to a lesser extent by CYP1A2, 
CYP2C19, and UGT1A1. Following oral administration of a 5-mg radioactive dose of axitinib, 
approximately 41% of the radioactivity was recovered in feces and approximately 23% was 
recovered in urine. Unchanged axitinib, accounting for 12% of the dose, was the major 
component identified in feces. Unchanged axitinib was not detected in urine; the carboxylic acid 
and sulfoxide metabolites accounted for the majority of radioactivity in urine. In plasma, the N­
glucuronide metabolite represented the predominant radioactive component (50% of circulating 
radioactivity) and unchanged axitinib and the sulfoxide metabolite each accounted for 
approximately 20% of the circulating radioactivity. 

The sulfoxide and N-glucuronide metabolites show approximately ≥400-fold less in vitro potency 
against VEGFR-2 compared to axitinib. 

Drug-Drug Interactions 
Effects of Other Drugs on INLYTA:  Axitinib is metabolized primarily in the liver by CYP3A4/5.  
Additionally, the aqueous solubility of axitinib is pH dependent, with higher pH resulting in lower 
solubility. The effects of a strong CYP3A4/5 inhibitor, a strong CYP3A4/5 inducer, and an 
antacid on the pharmacokinetics of axitinib are presented in Figure 1 [see Dosage and 
Administration (2.2) and Drug Interactions (7.1, 7.2)]. 

12
 

Reference ID: 3078397 

135



 

 
 

  

 

   

 
 

Figure 1. Impact of Co-administered Drugs and Hepatic Impairment on Axitinib 
Pharmacokinetics 

Effects of INLYTA on Other Drugs: In vitro studies demonstrated that axitinib has the potential 
to inhibit CYP1A2 and CYP2C8. However, co-administration of axitinib with paclitaxel, a 
CYP2C8 substrate, did not increase plasma concentrations of paclitaxel in patients. 

In vitro studies indicated that axitinib does not inhibit CYP2A6, CYP2C9, CYP2C19, CYP2D6, 
CYP2E1, CYP3A4/5, or UGT1A1 at therapeutic plasma concentrations. In vitro studies in human 
hepatocytes indicated that axitinib does not induce CYP1A1, CYP1A2, or CYP3A4/5. 

Axitinib is an inhibitor of the efflux transporter P-glycoprotein (P-gp) in vitro. However, 
INLYTA is not expected to inhibit P-gp at therapeutic plasma concentrations. 

Pharmacokinetics in Specific Populations 
Pediatric Use: INLYTA has not been studied in patients <18 years of age. 
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Hepatic Impairment: The effects of hepatic impairment on the pharmacokinetics of axitinib are 
presented in Figure 1 [see Dosage and Administration (2.2), Warnings and Precautions (5.11), 
and Use in Specific Populations (8.6)]. 

Renal Impairment:  Population pharmacokinetic analysis (based on pre-existing renal function) 
was carried out in 590 healthy volunteers and patients, including five with severe renal 
impairment (15 mL/min ≤CLcr <29 mL/min), 64 with moderate renal impairment (30 mL/min 
≤CLcr <59 mL/min), and 139 with mild renal impairment (60 mL/min ≤CLcr <89 mL/min). Mild 
to severe renal impairment did not have meaningful effects on the pharmacokinetics of axitinib. 
Data from only one patient with end-stage renal disease are available [see Use in Specific 
Populations (8.7)]. 

Other Intrinsic Factors:  Population pharmacokinetic analyses indicate that there are no clinically 
relevant effects of age, gender, race, body weight, body surface area, UGT1A1 genotype, or 
CYP2C19 genotype on the clearance of axitinib.  

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenicity studies have not been conducted with axitinib. 

Axitinib was not mutagenic in an in vitro bacterial reverse mutation (Ames) assay and was not 
clastogenic in the in vitro human lymphocyte chromosome aberration assay. Axitinib was 
genotoxic in the in vivo mouse bone marrow micronucleus assay.  

INLYTA has the potential to impair reproductive function and fertility in humans. In repeat-dose 
toxicology studies, findings in the male reproductive tract were observed in the testes/epididymis 
(decreased organ weight, atrophy or degeneration, decreased numbers of germinal cells, 
hypospermia or abnormal sperm forms, reduced sperm density and count) at ≥15 mg/kg/dose 
administered orally twice daily in mice (approximately 7 times the systemic exposure (AUC) in 
patients at the recommended starting dose) and ≥1.5 mg/kg/dose administered orally twice daily 
in dogs (approximately 0.1 times the AUC in patients at the recommended starting dose). 
Findings in the female reproductive tract in mice and dogs included signs of delayed sexual 
maturity, reduced or absent corpora lutea, decreased uterine weights and uterine atrophy at ≥5 
mg/kg/dose (approximately 1.5 or 0.3 times the AUC in patients at the recommended starting 
dose compared to mice and dogs, respectively). 

In a fertility study in mice, axitinib did not affect mating or fertility rate when administered orally 
twice daily to males at any dose tested up to 50 mg/kg/dose following at least 70 days of 
administration (approximately 57 times the AUC in patients at the recommended starting dose). 
In female mice, reduced fertility and embryonic viability were observed at all doses tested (≥15 
mg/kg/dose administered orally twice daily) following at least 15 days of treatment with axitinib 
(approximately 10 times the AUC in patients at the recommended starting dose). 

14 CLINICAL STUDIES 
The safety and efficacy of INLYTA were evaluated in a randomized, open-label, multicenter 
Phase 3 study. Patients (N=723) with advanced RCC whose disease had progressed on or after 
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treatment with 1 prior systemic therapy, including sunitinib-, bevacizumab-, temsirolimus-, or 
cytokine-containing regimens were randomized (1:1) to receive INLYTA (N=361) or sorafenib 
(N=362). Progression-free survival (PFS) was assessed by a blinded independent central review 
committee. Other endpoints included objective response rate (ORR) and overall survival (OS). 

Of the patients enrolled in this study, 389 patients (54%) had received 1 prior sunitinib-based 
therapy, 251 patients (35%) had received 1 prior cytokine-based therapy (interleukin-2 or 
interferon-alfa), 59 patients (8%) had received 1 prior bevacizumab-based therapy, and 24 
patients (3%) had received 1 prior temsirolimus-based therapy. The baseline demographic and 
disease characteristics were similar between the INLYTA and sorafenib groups with regard to age 
(median 61 years), gender (72% male), race (75% white, 21% Asian), Eastern Cooperative 
Oncology Group (ECOG) performance status (55% 0, 45% 1), and histology (99% clear cell). 

There was a statistically significant advantage for INLYTA over sorafenib for the endpoint of 
PFS (see Table 3 and Figure 2). There was no statistically significant difference between the arms 
in OS. 

Table 3. Efficacy Results 

Endpoint/Study Population INLYTA Sorafenib HR (95% CI) P-value 
Overall ITT N= 361 N = 362 
Median PFSa,b in months 
(95% CI) 

6.7 (6.3, 8.6) 4.7 (4.6, 5.6)  0.67 (0.54, 0.81) <0.0001c 

Median OS in months  
(95% CI) 

20.1 (16.7, 23.4) 19.2 (17.5, 22.3) 0.97 (0.80, 1.17) NS 

ORR % (95% CI) 19.4 (15.4, 23.9) 9.4 (6.6, 12.9) 2.06d (1.41, 3.00) -e 

PFS by prior treatment 
Sunitinib-refractory subgroup N=194 N=195 

Median, months (95% CI) 4.8 (4.5, 6.4) 3.4 (2.8, 4.7) 0.74 (0.57, 0.96) -e 

Cytokine-refractory subgroup N=126 N=125 
Median, months (95% CI)  12.1 (10.1, 13.9) 6.5 (6.3, 8.3) 0.46 (0.32, 0.68) -e 

CI: Confidence interval; HR: Hazard ratio (INLYTA/sorafenib); ITT: Intent to treat; ORR: Objective response
 
rate; NS: Not significant; OS: Overall survival; PFS: Progression-free survival
 
a Time from randomization to progression or death due to any cause, whichever occurs first. 

b Assessed by independent radiology review according to RECIST. 

c One-sided p-value from a log-rank test of treatment stratified by ECOG performance status and prior therapy
 
(comparison is considered statistically significant if the one-sided p-value is <0.023). 

d  Risk ratio is used for ORR. A risk ratio >1 indicated a higher likelihood of responding in the axitinib arm; a 

risk ratio <1 indicated a higher likelihood of responding in the sorafenib arm.
 
e  P-value not included since it was not adjusted for multiple testing.
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Figure 2. Kaplan-Meier Curve for Progression Free Survival by Independent Assessment 
(Intent-to-Treat Population) 

16 HOW SUPPLIED/STORAGE AND HANDLING 
INLYTA tablets are supplied as follows: 

1 mg tablets are red film-coated, oval tablets debossed with “Pfizer” on one side and “1 XNB” on 
the other; available in bottles of 180: NDC 0069-0145-01. 

5 mg tablets are red film-coated, triangular tablets debossed with “Pfizer” on one side and “5 
XNB” on the other; available in bottles of 60: NDC 0069-0151-11. 

Store at 20°C to 25°C (68°F to 77°F); excursions permitted to 15°C to 30°C (59°F to 86°F) [see 
USP Controlled Room Temperature].  

17 PATIENT COUNSELING INFORMATION 

See FDA Approved Patient Labeling 

17.1 Hypertension 
Advise patients that hypertension may develop during INLYTA treatment and that blood pressure 
should be monitored regularly during treatment [see Warnings and Precautions (5.1)]. 

17.2 Arterial/Venous Thromboembolic Events 
Advise patients that arterial and venous thromboembolic events have been observed during 
INLYTA treatment and to inform their doctor if they experience symptoms suggestive of 
thromboembolic events [see Warnings and Precautions (5.2, 5.3)]. 
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17.3 Hemorrhage 
Advise patients that INLYTA may increase the risk of bleeding and to promptly inform their 
doctor of any bleeding episodes [see Warnings and Precautions (5.4)]. 

17.4 Gastrointestinal Disorders 
Advise patients that gastrointestinal disorders such as diarrhea, nausea, vomiting, and constipation 
may develop during INLYTA treatment and to seek immediate medical attention if they 
experience persistent or severe abdominal pain because cases of gastrointestinal perforation and 
fistula have been reported in patients taking INLYTA [see Warnings and Precautions (5.5) and 
Adverse Reactions (6.1)]. 

17.5 Abnormal Thyroid Function 
Advise patients that abnormal thyroid function may develop during INLYTA treatment and to 
inform their doctor if symptoms of abnormal thyroid function occur [see Warnings and 
Precautions (5.6)]. 

17.6 Wound Healing Complications 
Advise patients to inform their doctor if they have an unhealed wound or if they have surgery 
scheduled [see Warnings and Precautions (5.7)]. 

17.7 Reversible Posterior Leukoencephalopathy Syndrome 
Advise patients to inform their doctor if they have worsening of neurological function consistent 
with RPLS (headache, seizure, lethargy, confusion, blindness and other visual and neurologic 
disturbances) [see Warnings and Precautions (5.8)]. 

17.8 Pregnancy 
Advise patients that INLYTA may cause birth defects or fetal loss and that they should not 
become pregnant during treatment with INLYTA. Both male and female patients should be 
counseled to use effective birth control during treatment with INLYTA. Female patients should 
also be advised against breast-feeding while receiving INLYTA [see Warnings and Precautions 
(5.12) and Use in Specific Populations (8.3)]. 

17.9 Concomitant Medications 
Advise patients to inform their doctor of all concomitant medications, vitamins, or dietary and 
herbal supplements.  

FDA-Approved Patient Labeling 

LAB- 0561-1.0 

Issued January 2012 
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PATIENT INFORMATION 
INLYTA® (in-ly-ta) 


(axitinib)
 
Tablets 


Read this Patient Information before you start taking INLYTA and each time you get 
a refill. There may be new information. This information does not take the place of 
talking with your doctor about your medical condition or your treatment. 

What is INLYTA? 

INLYTA is a prescription medicine used to treat advanced kidney cancer (advanced 
renal cell carcinoma or RCC) when one prior drug treatment for this disease has not 
worked. 

It is not known if INLYTA is safe or effective in children. 

What should I tell my doctor before taking INLYTA? 

Before you take INLYTA, tell your doctor if you: 

•	 have high blood pressure 
•	 have thyroid problems 
•	 have liver problems 
•	 have a history of  blood clots in your veins or arteries (types of blood vessels), 

including stroke, heart attack, or change in vision 
•	 have any bleeding problems 
•	 have an unhealed wound  
•	 plan to have surgery. You should stop taking INLYTA at least 24 hours before 

planned surgery. 
•	 have any other medical conditions 

For females, tell your doctor if you: 
•	 are pregnant or plan to become pregnant. Taking INLYTA during pregnancy 

may cause the death of an unborn baby or birth defects. You should not 
become pregnant while taking INLYTA. Talk to your doctor if you are pregnant 
or plan to become pregnant.  

•	 are able to become pregnant. You should use effective birth control during 
your treatment with INLYTA. Talk to your doctor about birth control methods 
to prevent pregnancy while you are taking INLYTA. 

•	 are breastfeeding or plan to breastfeed. It is not known if INLYTA passes into 
your breast milk. You and your doctor should decide if you will take INLYTA or 
breastfeed. You should not do both. 

For males: 
•	 use effective birth control during your treatment with INLYTA. Talk to your 

doctor about birth control methods. 
•	 if your female partner becomes pregnant while you are taking INLYTA, tell 

your doctor right away. 

18
 

Reference ID: 3078397 

141



 

 
    

  

   
 
  

   
  
    
     
     
  
 

 
 

  
   

 
 

   
  
   
  
  
 

   
  

  
  

 

  

 

   

  
  

 
 

 
 

Tell your doctor about all the medicines you take, including prescription and 
non-prescription medicines, vitamins, and herbal supplements. INLYTA and certain 
other medicines can affect each other causing serious side effects.   

Especially tell your doctor if you take: 

•	 dexamethasone 
•	 St. John’s Wort (Hypericum perforatum)  
•	 Medicine for: 
• asthma 
• tuberculosis  
• seizures 
• bacterial infections 
• fungal infections 
• depression 
• HIV or AIDS 

Ask your doctor or pharmacist if you are not sure if your medicine is one listed 
above. If you are taking any medicines for the conditions listed above, your doctor 
might need to prescribe a different medicine or your dose of INLYTA may need to be 
changed. Talk with your doctor before you start taking any new medicine. 

Know the medicines you take. Keep a list of them to show your doctor and 
pharmacist when you get a new medicine.  

How should I take INLYTA? 
•	 Take INLYTA exactly as prescribed by your doctor. 
•	 Your doctor may change your dose if needed. 
•	 INLYTA can be taken with or without food. 
•	 Take INLYTA 2 times a day approximately 12 hours apart. 
•	 Swallow INLYTA tablets whole with a glass of water. 
•	 Your doctor should check your blood pressure regularly during treatment with 

INLYTA. 
•	 If you vomit or miss a dose of INLYTA, take your next dose at your regular 

time. Do not take two doses at the same time. 
•	 If you take too much INLYTA, call your doctor or go to the nearest hospital 

emergency room right away. 

What should I avoid while taking INLYTA? 
•	 Do not drink grapefruit juice or eat grapefruit. Grapefruit may increase the 

amount of INLYTA in your blood. 

What are the possible side effects of INLYTA? 

INLYTA may cause serious side effects, including: 

•	 High blood pressure (hypertension). Your doctor should check your blood 
pressure regularly during treatment with INLYTA. If you develop blood 
pressure problems, your doctor may prescribe medicine to treat your high 
blood pressure, lower your dose, or stop your treatment with INLYTA. 

•	 Thyroid gland problems. Your doctor should do blood tests to check your 
thyroid gland function before and during your treatment with INLYTA. Tell your 
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doctor if you have any of the following symptoms during your treatment with 
INLYTA: 
• tiredness that worsens or that does not go away 
• feeling hot or cold 
• your voice deepens 
• weight gain or weight loss 
• hair loss 
• muscle cramps and aches 

•	 Problem with blood clots in your veins or arteries. Get emergency help 
and call your doctor if you get any of the following symptoms: 
• chest pain or pressure 
• pain in your arms, back, neck or jaw 
• shortness of breath 
• numbness or weakness on one side of your body 
• trouble talking 
• headache 
• vision changes 

•	 Bleeding. INLYTA can cause bleeding which can be serious, and sometimes 
lead to death. Call your doctor or get medical help if you develop any bleeding, 
including: 
• unexpected bleeding or bleeding that lasts a long time, such as: 
• unusual bleeding from the gums 
• menstrual bleeding or vaginal bleeding that is heavier than normal 
• bleeding that is severe or you cannot control 
• pink or brown urine 
• red or black stools (looks like tar) 
• bruises that happen without a known cause or get larger 
• cough up blood or blood clots 
• vomit blood or your vomit looks like “coffee grounds” 
• unexpected pain, swelling, or joint pain 
• headaches, feeling dizzy or weak 

•	 Tear in your stomach or intestinal wall (perforation). Get medical help 
right away if you get the following symptoms: 
• severe stomach (abdominal) pain or stomach pain that does not go away 
• vomit blood 
• red or black stools 

•	 Reversible Posterior Leukoencephalopathy Syndrome (RPLS). A 
condition called reversible posterior leukoencephalopathy syndrome (RPLS) 
can happen while taking INLYTA. Call your doctor right away if you get: 
• headache 
• seizures 
• weakness 
• confusion 
• high blood pressure 
• blindness or change in vision   
• problems thinking 

•	 Increased protein in your urine. Your doctor should check your urine for 
protein before and during your treatment with INLYTA. If you develop protein 
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in your urine, your doctor may decrease your dose of INLYTA or stop your 
treatment. 

•	 Change in liver function. Your doctor should do blood tests before and 
during your treatment with INLYTA to check your liver function. 

The most common side effects of INLYTA include: 
•	 diarrhea (frequent or loose bowel movements) 
•	 high blood pressure 
•	 tiredness or feeling weak 
•	 decreased appetite 
•	 nausea 
•	 hoarseness 
•	 rash, redness, itching or peeling of your skin on your hands and feet 
•	 decreased weight 
•	 vomiting 
•	 constipation 

Tell your doctor if you have any side effect that bothers you or that does not go 
away. 

These are not all the possible side effects of INLYTA. For more information, ask your 
doctor or pharmacist. 

Call your doctor for medical advice about side effects. You may report side effects to 
FDA at 1-800-FDA-1088. 

How should I store INLYTA? 
•	 Store INLYTA at room temperature between 68oF to 77oF (20oC to 25oC). 

Keep INLYTA and all medicines out of the reach of children. 

General information about INLYTA. 

Medicines are sometimes prescribed for purposes other than those listed in a Patient 
Information leaflet. Do not use INLYTA for a condition for which it was not 
prescribed. Do not give INLYTA to other people, even if they have the same 
symptoms you have. It may harm them. 

This Patient Information leaflet summarizes the most important information about 
INLYTA. If you would like more information, talk with your doctor. You can ask your 
doctor or pharmacist for information about INLYTA that is written for healthcare 
professionals.  

For more information, go to www.inlyta.com or call 877-744-5675. 

What are the ingredients in INLYTA?  

Active ingredient: axitinib 

Inactive ingredients: microcrystalline cellulose, lactose monohydrate, croscarmellose 
sodium, magnesium stearate, and Opadry® II red 32K15441. The Opadry II red 
32K15441 film coating contains: lactose monohydrate, HPMC 2910/Hypromellose 
15cp, titanium dioxide, triacetin (glycerol triacetate), and red iron oxide. 

21
 

Reference ID: 3078397 

144

http:www.inlyta.com


 

 
 

 

 
 

 

 

 

  

This Patient Information has been approved by the U.S. Food and Drug 
Administration. 

LAB-0438-1.0  

Issued January 2012 
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