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FORM – 7A 
THE PATENTS ACT, 1970 

(39 OF 1970)  & 

The Patents Rules, 2003  

REPRESENTATION FOR OPPOSITION TO GRANT OF PATENT 

(See section 25 (1) and rule 55) 

We, Natco Pharma Limited, an Indian company of, Natco House, Road No.2, Banjara Hills 

Hyderabad-500 034, India, hereby give representation by way of opposition to the grant of 

patent in respect of Application No. 3865/KOLNP/2007 filed by ViiV Healthcare Company 

and Shionogi & Co. Ltd. on October 10, 2007 and published on July 18, 2008. 

 

The impugned Patent Application is opposed on the following grounds:-  

a. U/S 25 (1) (e): that  the  invention so far as claimed in any claim of  the complete  

specification  is  obvious and  clearly  does  not involve any  inventive step, having regard  to  

the  matter published  as  mentioned in section 25 (1) (b) or having  regard  to what  was  

used  in India before the priority  date  of  the applicant’s claim; 

b. U/S 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. U/S  25(1) (h): that the Applicant has failed to disclose to the Controller the information 

required by Section 8 of the Act or has furnished the information which in any material 

particular was false to his knowledge. 

 

Our address for service in India is:  S. MAJUMDAR & CO., 5, Harish Mukherjee Road, Calcutta 

- 700 025, State of West Bengal. Phone: 0-33-24557484/24557485/24557486; Fax: 0-33-

24557487/24557488.  Email: cal@patentindia.com 

Dated the 31st day of October, 2018                                                                                                   

   Amrita Majumdar 
 Of S. Majumdar & Co. 

(Opponent’s agent) 

To, The Controller of Patents, 
The Patent Office,  
At Kolkata. 

mailto:cal@patentindia.com


BEFORE THE CONTROLLER OF PATENTS,  

PATENT OFFICE,  

KOLKATA 

 

In the matter of section 25(1) of The Patents 

Act, 1970 as amended by The Patent 

(Amendment) Act 2005, 

And 

In the matter of The Patent Rules, 2003 as 

amended by The Patent (Amendment) Rules, 

2006, and  The Patent (Amendment) Rules, 2016  

AND 

In the matter of Patent Application No. 

3865/KOLNP/2007 filed by ViiV Healthcare 

Company and Shionogi & Co. Ltd on October 

10, 2007 titled “Polycyclic Carbamoylpyridone 

Derivative Having HIV Integrase Inhibitory 

Activity” 

………… Applicants 

AND 

IN THE MATTER of Opposition to the grant of a 

Patent application, thereto by Natco Pharma 

Limited, Natco House, Road No.2, Banjara Hills 

Hyderabad-500 034, India  

                                       

….…OPPONENT 
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REPRESENTATION UNDER SECTION 25(1) 

 

We, Natco Pharma Limited (hereinafter called ‘Opponent’) having Registered 

Office at Natco House, Road No.2, Banjara Hills Hyderabad-500 034, India make 

the following statement in support of the grounds of opposition submitted by us 

in opposing the patent application indicated in the cause title. 

I.  Grounds of opposition u/s 25 (1) 

 The impugned Patent Application is opposed on the following grounds: 

a. Section 25(1) (e)-Obviousness/lack of inventive step 

that  the  invention so far as claimed in any claim  of  the complete  

specification  is  obvious and  clearly  does  not involve  any  inventive 

step, having regard  to  the  matter published  as  mentioned in Section 

25(1) (b) or having  regard  to what  was  used  in India before the 

priority  date  of  the applicant's claim. 

 

b. Section 25(1) (f)-Not an invention 

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) (h) Failure to disclose information or furnishing 

false information relating to foreign filing 

that the Applicant has failed to disclose to the Controller the information 

required by Section 8 of the Act or has furnished the information which in 

any material particular was false to his knowledge. 

  

II.  Analysis of the Impugned Patent Application 

 
1. The Opponent hereby files a representation by way of opposition under 

Section 25(1) of the Patents Act, 1970 against Patent Application entitled 

“Polycyclic Carbamoylpyridone Derivative Having HIV Integrase 

Inhibitory Activity” filed on October 10, 2007 by ViiV Healthcare 
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Company and Shionogi & Co. Ltd. (hereinafter referred to as the 

“Applicants”) bearing Indian Application No. 3865/KOLNP/2007 

(hereinafter referred to as the “Impugned patent application”). 

Specifically this pre-grant opposition is brought under Sections 25(1) (e), 

(f), (g) and (h) of the Patents Act, 1970.  

2. The Impugned patent application relates to anti-retroviral compounds 

belonging to integrase inhibitors class, the derivatives of polycyclic 

carbamoylpyridone derivatives covering Dolutegravir and Cabotegravir.  

3. The impugned patent application, filed in the name of ViiV Healthcare 

Company and Shionogi & Co. Ltd. by way of the complete specification 

claims (as amended) the compounds Dolutegravir and Cabotegravir, their 

sodium salt form, their use in pharmaceutical composition and in 

particular their use with one additional therapeutic agent reverse 

transcriptase and protease protease inhibitors.  

4. The Opponent understands that the impugned patent application is 

presently under examination and has not been granted til date.  

5. The Impugned patent application relates to polycyclic carbamoylpyridone 

derivatives with antiviral integrase inhibitory activity against HIV. In 

particular, it includes “Novel Polycyclic Carbamoylpyridone 

Derivatives”, which claims to possess HIV integrase inhibitory activity 

The Impugned patent application essentially claims Dolutegravir (claims 1 

to 4) and Cabotegravir (claims 5 to7) with purported integrase inhibitory 

activities which are derived from carbamoylpyridone analogues. It is also 

pertinent to note that Cabotegravir is an analogue of Dolutegravir, 

sharing a structure similar to that of Dolutegravir.  

6. The currently pending claims specifically cover two compounds – 

Dolutegravir and Cabotegravir, their sodium salt form, their composition, 

use of these two compounds along with other class of ARV drugs selected 

from reverse transcriptase inhibitor and protease inhibitors. By way of 

instant Representation, the currently pending set of 9 claims as amended 

vide letter dated February 13, 2013 by the Applicants.  
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7. The claims of the impugned patent application are reproduced as 

follows: 

 

 

 
8. Dolutegravir and Cabotegravir as claimed in Claim 1, and Claims 5 and 6 

respectively, relate to derivatives of polycyclic carbamoylpyridones. The 

compounds as claimed are –  
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a. (4R,9aS)-5-Hydroxy-4-methyl-6,10-di-oxo-3,4,6,9,9a,10-hexahydro-

2H-1-oxa-4a, 8a-diaza-anthracene-7-carboxylix acid 2,4,-difluoro-

benzylamide also known as  Dolutegravir, represented by structural 

formula:  

 

and 

b. (3S, 11aR)-N-[(2,4-disfluorophenyl) methyl]-6-hydroxy-3-methyl-

5,7-dioxo,2,3,5,7,11,11a hexahydro[1,3] oxazolo [3,2-a] pyrido 

[1,2-d] pyrazine-8-carboxamide also known as Cabotegravir, 

represented by structural formula: 

  

  

III. Prior art Relied upon (published before April 28,2005) 

 Hazuda D.J. et al. “Inhibitors of Strand Integration and Prevent 

Transfer That Inhibit HIV-1 Replication in Cells. Science, vol. 287, 

2000”; herein after referred as ‘D1’ and annexed herewith as 

Exhibit D1; 

 US20050054645: “Nitrogen-containing fused ring compound 

and use thereof as HIV integrase inhibitor” published on March 10, 

2005, hereinafter referred as D2 and annexed herewith as 

‘Exhibit D2’; 

 Grobler et al: “Diketo acid inhibitor mechanism and HIV-

integrase: Implications for metal binding in the active site of the 

phosphotransferase enzymes”, published on May 2002 , 

hereinafter referred as D3 and annexed herewith as ‘Exhibit D3.’ 
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 Wai et al titled “4-Aryl-2,4-dioxobutanoic Acid Inhibitors of HIV-1 

Integrase and Viral Replication in Cells”, published on December 

28, 2000; hereinafter referred as ‘D4’ and annexed herewith as 

‘Exhibit D4’ 

 Kazuki Hoshino et al titled “Significance of the Methyl group on 

the Oxazine ring of Ofloxacin Derivatives in the Inhibition of 

Bacterial and Mammalian Type II Topoisomerases”, published in 

February 1991, (hereinafter referred to as “Hoshino et al“; Herein 

after referred as ‘D5’ and annexed hereto as ‘Exhibit – D5’. 

 

IV. Grounds of Opposition:  

A. Obviousness and lack inventive step.  Section 25(1)(e). 

9. The compounds claims in the impugned Patent Application are HIV 

integrase inhibitors.  The Mechanism of action of an HIV integrase is as 

follows:  Integrase is one of the three enzymes encoded in the genome 

of HIV-1 and plays a crucial role in HIV infection by incorporating the 

viral DNA in the chromosomal DNA of the host.  The integration process 

involves a sequence of two reactions in which both require the presence 

of magnesium ions (Mg2+). The integrase enzyme has been extensively 

studied as therapeutic target in the field of antiretroviral therapy. The Mg 

ions 2+ are critical cofactors in the integration phase. The inactivation of 

these cofactors, eg via chelation integrase cause functional impairment. 

This concepts gives researches the opportunity to design and develop 

highly efficient inhibitors. The vast majority of integrase inhibitors being 

searched contain a structural model that coordinates two divalent 

magnesium ions in the active site of the enzyme. 

10. Hazuda DJ et al. “Inhibitors of Strand Integration and Prevent Transfer 

That Inhibit HIV-1 Replication in Cells. Science, vol. 287, 2000”; herein 

after referred as ‘D1’ and annexed herewith as Exhibit D1.  

11. Integrase is essential for human immunodeficiency virus-type 1 (HIV-1) 

replication. D1 report describes diketo acid inhibitors of HIV-1 integrase 

that manifest antiviral activity as consequence of their effect on 
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integration. The antiviral activity of these compounds is due exclusively 

to inhibition of one of the two catalytic functions of integrase, strand 

transfer (abstract of D1 article).  

12. Integration is essential for viral replication and is thus an attractive target 

for novel chemotherapy. Integration is a multistep process that occurs in 

discrete biochemical stages: (i) assembly of a stable complex with 

specific DNA sequences at the end of the HIV-1 long terminal repeat 

(LTR) regions, (ii) endonucleolytic processing of the viral DNA to remove 

the terminal dinucleotide from each 3` end, and (iii) strand transfer in 

which the viral DNA 3` ends are covalently linked to the cellular (target) 

DNA (Fig. 1) (4). Each of the catalytic reactions (3` processing and 

strand transfer) requires integrase to be appropriately assembled on 

specific viral DNA or donor substrate (middle column, pg 646).  The right 

most column, page 646 of D1 disclose that “a variety of inhibitors was 

identified; however, the most potent and specific compounds each 

contained a distinct diketo acid moiety, and thus these inhibitors 

segregate into a single structural class (Fig-1). The diketo acid 

functionality is an intrinsic feature of these inhibitors but is not sufficient 

for activity, as structural analogs exhibit a range of inhibitory potency. 

For most analogs, the activity observed in strand transfer assays with 

recombinant integrase correlated with their relative activity in assays 

using HIV-1 preintegration complexes (9). Analogs that were more 

potent in these biochemical assays also inhibited HIV-1 replication in cell 

culture.” “L-731,988 and L-708,906 were two of the most active diketo 

acids in strand transfer assays with recombinant integrase. With 50% 

inhibitory concentrations (IC50’s) of 80 and 150 nM, respectively, L-

731,988 and L-708,906 are also the most potent inhibitors of 

preintegration complexes described to date”. It is further disclosed on 

page 649, left column that “by altering the kinetics of the strand transfer, 

the diketo acids bias the formation of replication-defective products and 

inhibit HIV-1 replication.” Further that “the diketo acids as the archetype 

of new class of integrase inhibitors and novel antiretroviral agents. The 
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compounds are specific inhibitors of integration, which exert their 

antiviral effect on HIV-1 solely as a consequence of their ability to inhibit 

the strand transfer activity of integrase. The compounds exhibit a 

preference for the strand transfer reaction in vitro and inhibit integration 

without affecting synthesis or processing of the HIV-1 DNA in infected 

cells. Mutations proximal to the integrase active site residues engender 

resistance to the virus and the isolated enzyme, establishing the diketo 

acids as the first biologically validated inhibitors of integration. Although 

the same active site residues are required for 3` processing and strand 

transfer (12), the ability of the diketo acids to discriminate between the 

two catalytic functions of integrase implies that a unique conformation of 

the enzyme may mediate strand transfer.”  “Together with the results 

presented, these observations provides biochemical and physical 

evidence dissociating the two catalytic functions of integrase and suggest 

that diketo acids may be useful tools to probe the enzymatically active 

structure of integrase and to investigate the complexities of this 

reaction.” (last paragraph of D1). 

13. D1 teaches that the diketo acid core as a general pharmacophore of 

integrase inhibitors.  

14. US20050054645: “Nitrogen-containing fused ring compound and use 

thereof as HIV integrase inhibitor” published on March 10, 2005, 

hereinafter referred as D2 and annexed herewith as ‘Exhibit D2.’ 

15. D2 relates to anti-HIV agents and compounds which have HIV integrase 

inhibitory activity and its uses in the treatment of AIDS or prophylaxis. 

D2 also discloses their pharmaceutically acceptable salts as anti-HIV 

agents. The compounds of D2 relates to a nitrogen-containing fused ring 

compound and its mechanism of action is particularly based on integrase 

inhibitory activity. D2 claims the nitrogen fused ring compound through a 

general Markush formula which is disclosed below for the sake of 

reference (see internal page no. 1, RHS, Figure [I], as given below):  

9



When R1 is H or methyl; R2 aryl (phenyl) unsubstituted or 

substitute

substituted aryl (phenyl) which is unsubstituted or substituted 

16. In the above mentioned Markush formula, numerous substit

disclosed. However 

resemble to the compounds disclosed in the 

disclosed in page 126 as examples 377 and 378

LHS of the 

structure  of 

compound 377 

and 378 differs 

from that of 

dolutegravir 

 

9 

When R1 is H or methyl; R2 aryl (phenyl) unsubstituted or 

substituted with halogen (fluorine), alkyl (tert-butyl) or 

acetylamino; R3 is H; R4 is methyl substituted with 

substituted aryl (phenyl) which is unsubstituted or substituted 

by halogen (chlorine or fluorine). 

In the above mentioned Markush formula, numerous substit

However the compounds disclosed in D2 that structurally 

the compounds disclosed in the Impugned patent 

in page 126 as examples 377 and 378.  

 

and 378 differs 

Diketo group 

which is the 

metal binding 

region 

Fluorophenyls 

 

When R1 is H or methyl; R2 aryl (phenyl) unsubstituted or 

butyl) or 

acetylamino; R3 is H; R4 is methyl substituted with 

substituted aryl (phenyl) which is unsubstituted or substituted 

In the above mentioned Markush formula, numerous substituents are 

D2 that structurally 

Impugned patent application 
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17. Table 1 depicted above highlights the similarities and the differences 

between the compound claimed in the Impugned patent application and 

the compounds disclosed in the US ’645 ie. D2. 

18. It is submitted that the diketo group in Table 1 is the same in the 

structures disclosed D2 that is the key attribute in HIV integrase 

inhibition.  

19. The opponent states that the disclosures in D2 relate to the structure of 

HIV and the possible compounds to be used for inhibition of the 

integrase enzyme. D2 (US ’645) disclose that, HIV possess a bimolecular 

RNA gene in a shell and is covered with an envelope protein. It states 

that this RNA codes for several enzymes such as protease, reverse 

transcriptase and integrases etc. and explains the replication of the virus 

in the host cell. Further that most of the existing drugs are either 

protease inhibitors or reverse transcriptase inhibitors with numerous side 

effects when the drugs for protease and reverse transcriptase inhibition 

were ingested.  Therefore, there was a need for development of other 

drugs with lesser side effects and more bioavailability (page 1, para 005 

to 012 of D2).  

20. Taking into account the HIV integrase pharmacophore as described 

previously along with the specific function of each moiety, the person 

skilled in the art, given a task to synthesize alternative HIV integrase 

inhibitors, would be motivated to preserve the diketo acid core as being 

responsible for strong binding of Mg2+ co-factor linked via amide linkage 

to a hydrophobic 2- and/or 4- fluorobenzyl group but when seeking 

alternatives to vary the remaining, apparently modifiable flurobenzyl 

moiety of the known compounds. Since the precise function of this 

moiety is restricted to being hydrophobic moiety essential for HIV 

potency as will be shown in the following exhibits and no technical 

advancement is attributed to the 2, 4- difluoro groups on the benzene 

ring, no inventive step can be acknowledged. 

21. The compounds 377 and 378 in D2, are specified to have IC50 value 

denoted by “++++” which according to definition given on its page 152, 
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denotes value “less than 0.01 micro molar”. Therefore, not only the 

compounds 377 and 378 are listed and exemplified in D2, it is shown to 

have significant HIV integrase activity (table 45, page 155).  

  Dolutegravir 

22. As can be seen from the above structures, the different between 

compounds D2 and Dolutegravir is the presence of 2-4-difuloro phenyl 

group and 6-substituted methyl oxazine ring. 

23. As D2 shows integrase-specific high inhibitory activity and discloses 

pharmaceutical agents which are safe on human body with fewer side 

effects, the Impugned patent application does not show any technical 

advantage over the compounds of D2. 

24.  It is significant to note that the applicant has restricted the claim to 

dolutegravir however, has not provided any data to demonstrate 

superiority of dolutegravir compared to the compounds disclosed in D2 

that already have strong HIV integrase inhibitory activity.  

25. Moreso when the mechanism of action with diketo moiety for integrase 

activity in processing 3`end of viral cDNA and strand transfer is known.  

26. As D2 shows integrase-specific high inhibitory activity and discloses 

pharmaceutical agents which are safe on human body with fewer side 

effects, the Impugned patent application does not show any technical 

advantage over the D2. 

27. D2 further discloses numerous compounds with HIV integrase activity and 

also mentions their pharmaceutically acceptable salts of the compounds. 

On page 31 at paragraph 877 there is disclosed the range of 

pharmaceutically acceptable salts that can be formulated. Specifically, it 

is also taught that a pharmaceutically acceptable sodium salt can also be 

derived by reacting sodium hydroxide with the disclosed compounds.  On 

pages 19-20 at paragraphs 657-662, pharmaceutical compositions 

comprised of the compounds with integrase activity including their 
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pharmaceutically acceptable salts, are further disclosed. Further on page 

31, paragraph 885, D2 also teaches the use of the compounds in a 

pharmaceutical formulation by admixture with pharmaceutically 

acceptable carriers and excipients. Ergo, it will be obvious for a person 

skilled in the art to produce pharmaceutical salts of the polycyclic 

carbamoylpyridone derivatives. Therefore claims 2-3 as claimed in the 

Impugned patent application are obvious. 

28.  In addition to aforesaid D2 also relates to the use of these compounds 

for the treatment of HIV infection and has been used as HIV integrase 

inhibitors (page 155-170). Furthermore in experimental example 2 the 

use of the claimed HIV integrase inhibitors in combination with previously 

known anti-HIV agents is disclosed and same is claimed in claim 36 

(pages 152 -153 and 170 of D2).     

29. Therefore, from the disclosures made D2, it pertinent to note that, 

inventive step for the claims in the Impugned patent application cannot 

be acknowledged in respect of claim 4 of the Impugned patent 

application also. Claims of the impugned patent application are thus 

obvious over teachings of D2.   

30. Grobler et al: “Diketo acid inhibitor mechanism and HIV-integrase: 

Implications for metal binding in the active site of the 

phosphotransferase enzymes”, published on May 2002 , hereinafter 

referred as D3 and annexed herewith as ‘Exhibit D3.’ 

31. Despite numerous attempts to develop integrase inhibitors, only the 

diketo acid class of compounds is at an advanced stage and the relation 

between diketo acid inhibitor mechanism and HIV integrase has been 

studied extensively. D3 teaches that integration requires two metal 

dependent reactions, 3’end processing and strand transfer. Compounds 

that contain a diketo acid moiety have been shown to selectively inhibit 

the strand transfer reaction of IN (enzyme integrase) invitro and in 

infected cells and are effective as inhibitors of HIV-1 replication. D3 

teaches that, binding of diketo acid requires a divalent metal and 

resistance is metal dependent with active site mutants displaying 
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resistance only when the enzymes are evaluated in the context of Mg2+.  

It is further taught therein that the mechanism of action of these 

inhibitors is therefore likely a consequence of the interaction between the 

acid moiety and the metal ion(s) in the integrase active site, resulting in 

a functional sequestration of the critical metal cofactor(s). Also, the 

sequestration of the divalent co-factor by the diketo acid is responsible 

for binding and inhibitory activity that involves direct coordination of two 

divalent metals in the integrase active site (see page 6664 of D3).  

32. The introductory paragraph of D3 essential step in HIV replication is the 

integration of the reverse-transcribed viral genome into host 

chromosomal DNA by the virally encoded integrase (IN) protein (1–3). 

Integration is required for efficient long terminal repeat-driven 

transcription of the provirus for the production of viral proteins and RNA 

progeny. IN represents an important chemotherapeutic target, as its 

inactivation, either by mutagenesis or inhibition, blocks productive 

infection by HIV-1 (page 6661). Divalent metals such as Mg2+ and Mn2+ 

are required for both 3’ processing and strand transfer and for the 

assembly of IN on to specific viral donor DNA to form a complex 

competent to carry out either function. Binding of the metal cofactors in 

the active site of IN is mediated by a triad of acidic residues called the 

DDE motif. D3 demonstrates that (i) binding to IN is in part mediated by 

the interaction of the acid functionality with metals in the active site, (ii) 

binding to IN is not itself sufficient to inhibit strand transfer, and (iii) 

mutations that confer resistance, probably work by affecting metal 

coordination. The data presented suggest that the sequestration of the 

active site metal is required for inhibition and are consistent with a two-

metal model for the active site of IN. D3 teaches the model for binding of 

two divalent metals by diketo acid as (page 6666). 

33. D3 further validates the relation between diketo acid inhibitor 

mechanism and HIV integrase. The binding requires a divalent metal 

and resistance is metal-dependent with active site mutants displaying 

resistance only when the enzymes are evaluated in the context of 
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Mg2+. It is specifically taught in D3 that an acidic moiety such as 

carboxylate or isosteric heterocycle is not required for binding to the 

enzyme complex but is essential for inhibition and confers distinct metal 

dependent properties on the inhibitor. It is further taught that these 

studies have implications for modelling active site inhibitors of integrase, 

designing and evaluating analogs with improved efficacy.  It is thereby 

implied that the diketo acid core as a general pharmacophore of 

integrase inhibitors was known. Therefore, a person skilled in the art, on 

the date of priority, would be motivated to preserve the di-keto acid 

core as being responsible for strong binding of Mg2+ cofactor which is 

linked via amide linkage to a hydrophobic 2- and/or 4-fluorohenzyl 

group. 

34. HIV integrase enzyme helps in the integration of the HIV-1 derived DNA. 

This basically means that the HIV integrase is a viral enzyme that inserts 

the viral genome into the DNA of the host cell. This happens in a two-

step process. The first step involves the integrase enzyme binding to the 

viral cDNA and cleaving two nucleotides and the second step involves the 

integration (stand transfer) that happens in the host nucleus. Due to the 

chelation with the two Mg2+ ions, the strand transfer is incomplete and 

therefore, the viral replication does not take place. This mechanism of 

the integrase inhibition is a part of prior knowledge and the same has 

been employed in the impugned invention of the Impugned patent 

application.  

35.  Before the filing of the Impugned patent application, other documents 

containing the key structural components (as described in the Exhibits 

D1 to D3) were known and used as HIV integrase inhibitors.  

36. Wai et al titled “4-Aryl-2,4-dioxobutanoic Acid Inhibitors of HIV-1 

Integrase and Viral Replication in Cells”, published on December 28, 

2000; hereinafter referred as ‘D4’ and annexed herewith as ‘Exhibit 

D4’.   

37. The opponent states that it is of significance that D4 relates to Diketo 

acid derivatives 1 reported to be a selective inhibitor of the strand-
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transfer process.  The introduction of D4 states that Integration is a 

multistep process which includes three different biochemical processes: 

assembly of proviral DNA on integrase, endonucleolytic processing of the 

proviral DNA, and strand transfer of the proviral DNA to host cell DNA. IN 

that the compound 1 effectively prevents proviral DNA integration and 

inhibits HIV-1 replication in cell culture. D4 explicitly discloses that slight 

improvement in inhibition of HIV replication was observed with the 

introduction of a 2’ or 4’ fluoro substituent and a moderate loss in 

potency was observed when it was introduced at 3’ position. (See Table 

2, page 4924).  The compound 5 without substitution at the benzene 

ring is compared with compounds 12, 13 and 14 that contain substitution 

of the benzene ring at 2’, 3’ and 4’ position respectively. 

38. The opponent states that a person skilled in the art is a person with 

ordinary knowledge of technology in question, in this case being diketo 

acid derivative in HIV—integration; and is able to pick up clues from the 

relevant state of art.   

39. D4 explicitly discloses that slight improvement in inhibition of HIV 

replication was observed with the introduction of a 2’ or 4’ fluoro 

substituent and a moderate loss in potency was observed when it was 

introduced at 3’ position. It is further, submitted that a person skilled in 

the art would be aware that fluorine is the most electronegative element 

and reacts faster than a chlorine atom. Therefore, given that D4 teaches 

single fluorine substitution to have better activity than chlorine, a person 

skilled in the art would be motivated to also attempt di-fluoro 

substitution on the benzyl ring. 

40. The Opponent states that favourable results may be achieved with fluoro 

substitution in inhibition of HIV replication was taught in the art. It would 

therefore be obvious for a person skilled in the art to retain the 

electronegative groups specifically fluorine at 2’ and 4’ position in the HIV 

integrase compounds. 

41. A study by Kazuki Hoshino et al titled “Significance of the Methyl group 

on the Oxazine ring of Ofloxacin Derivatives in the Inhibition of Bacterial 
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and Mammalian Type II Topoisomerases”, published in February 1991, 

(hereinafter referred to as “Hoshino et al“; Herein after referred as ‘D5’ 

and annexed hereto as ‘Exhibit – D5’.  

42. D5 disclose the antibacterial activity of oflaxacin derivatives and the key 

role played by presence of methyl group on the oxazine in these 

derivatives. It discusses the importance of methyl group on oxazine ring 

and its ability to make the compound less reactive and a more potent 

inhibitor as compared to the compounds with no methyl groups on the 

oxazine ring. Page 310 through page 312 of D5 demonstrates the 

significance of methyl group on oxazine ring of Ofloxacin derivative in 

enzyme inhibition. D5 shows the key role played by presence of methyl 

group on the oxazine ring in oflaxacin derivatives regarding their 

antibacterial activity.  In particular the study discusses the importance of 

methyl group on oxazine ring and its ability to make the compound less 

reactive and a more potent inhibitor as compared to the compounds with 

no methyl groups on the oxazine ring (see internal pages 310-312). The 

favourable results indicate that methyl group on oxazine ring plays an 

important role in inhibitory activity of DNA gyrase enzyme.  

43. Teachings of D2 and D5:  D5 teaches significance of methyl substituted 

oxazine ring in enhancing the enzymatic activity of DNA Gyrase inhibitor.  

D2 teaches pyridopyrazine bicyclic ring-carboxamide-fluoro substituted 

phenyl methyl ring. As HIV integrase inhibitor for virtue of being 

functional analog of DNA gyrase, the increase in enzymatic inhibition by -

methyl substituted oxazine moiety, a person skilled in the art would be 

motivated to experiment this moiety to compound 377 and 378 of D2. It 

is, therefore, submitted that the claimed invention is obvious and it is 

clear that there has been no technical advance in the impugned invention 

as compared to the existing prior art. 

44. Further, in the Impugned patent application, the third fused ring pertains 

to a methyl substituted 1,3oxazine ring (See structure depicted below 

within the solid rectangle).  It is pertinent to note that fused methylated 

oxazine ring improves the inhibition activity of various enzymes such as 
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DNA topoisomerases, suggesting that the oxazine rings directly or 

indirectly, interact with amino acids of HIV integrase enzyme as shown in 

the prior art discussed in the paragraphs below.  

              

45.  With minimum modifications to the structural and functional aspects, a 

person skilled in the art would be able to come out with the compounds 

disclosed in the Impugned patent application as discussed above. HIV 

integrase inhibitors Raltegravir and Elvitegravir were administered as 

potassium and sodium salts respectively. Hence, integrase inhibitors were 

long known and used for treatment of HIV infection; thereby the 

production of salt forms for fused heterocyclic rings would be common 

knowledge to the person skilled in the art.  

 

 
B. Not patentable under Section 25(1)(f) read with Section 3(d) of the 

Patents Act.  

46. Section 3(d) sets out that a “mere discovery of a new form of a known 

substance which does not result in the enhancement of the known 

efficacy of that substance” does not amount to an invention and is not 

patentable under the Patents Act. Under the explanation of Section 3(d), 

it is provided that “salts, esters, ethers, polymorphs….combinations and 

other derivatives of known substance shall be considered to be 

the same substance, unless they differ significantly in properties with 

regard to efficacy”.  

47. Under Section 3(d) of the Patents Act, a new form of a known substance 

is not an invention unless it enhances the efficacy of the known 

substance.  In the alternative and without prejudice to the grounds raised 

above, the present alleged invention relates only to a new form of a 

known substance i.e. it is a derivative of previously known substances 
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and is therefore, not eligible for a patent. It is also submitted by the 

Opponent that the Impugned patent application does not disclose any 

data regarding the inhibitory effect of Dolutegravir –as claimed in the 

Impugned patent application. It is submitted that carbamoylpyridones 

were known and used as HIV integrase inhibitors. The title of the 

Impugned patent application is “Polycyclic carbamoylpyridone derivative 

having HIV integrase inhibitory activity”. Therefore, the Applicants 

themselves admit the fact that the Impugned patent application is a 

derivative of carbamoylpyridones, but have failed to demonstrate any 

enhanced therapeutic efficacy over the existing known compounds. 

48. The disclosures in the Impugned patent application relate to tricyclic 

carbamoylpyridones and from the disclosures made in the US ‘645 

Application (Exhibit D2), it is clear that these are known substances. 

Specifically, HIV integrase inhibitor compounds 377 amd 378 disclosed in 

D2 comprise the known substances.  

49. Furthermore, Section 3(d) requires an enhancement in the known 

efficacy of the known substance. The efficacy of the 377 and 378 

compounds are disclosed in table 45 page as HIV integrase inhibitory 

activity (IC50) value. The methodology for determination of the HIV 

integrase activity is further given on internal pages 152-153.  

50. Compounds 377 and 378 as HIV integrase inhibitors comprise the known 

substances with known efficacy as exhibited by their HIV integrase 

inhibitory activity, from which Dolutegravir has been derived. The 

Opponent has discharged the burden of disclosing a prior known 

substance with prior known efficacy. Thereby, the onus of proof is on the 

applicants to show that the compound claimed in the impugned invention 

shows significantly greater therapeutic efficacy as compared to the 

existing compounds.  

51. Applicants, in the Impugned patent application, have not disclosed any 

data regarding the efficacy of Dolutegravirlet alone made any effort to 

compare the efficacy of Dolutegravir against other previously known 

integrase inhibitors. It only states the use of the invention in the 
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Impugned patent application for treatment of HIV. However, under 

Section 3(d) of the Patents Act, a new form of a known substance is not 

an invention unless it results in enhancement of efficacy over the known 

efficacy of the known substance. Also, the explanation to Section 3(d) 

states that combinations of known substances are to be considered to be 

the same substance, further barring the patentability of claims 3 and 4. 

52. Section 3(d) of the Patents Act was amended in 2005 to prevent patents 

on modifications of known substances, such as combinations and salts, 

esters, ethers and other derivatives of known substances. Under the law, 

each product claim that relates to a new form of a known substance has 

to satisfy Section 3(d) of the Patents Act.  

53. Against the disclosures made in compounds 377 and 378 of the US‘645 

Application, the Impugned patent application does not disclose any data 

regarding the inhibitory effect of the claimed compounds on the integrase 

enzyme in the HIV. Therefore, merely claiming a derivative of existing 

compounds without disclosing that the effects of the substances is not a 

patentable invention under Section 3(d) of the Patents Act.  

54. Claim 3 and claim 4 are combination claims in the garb of the 

pharmaceutical composition. Though the preamble is drawn to a 

pharmaceutical composition, the claim is drawn to the combination of 

Dolutegravir with reverse transcriptase inhibitors and protease inhibitors. 

This is not allowable unless enhanced therapeutic efficacies of the said 

combination over that of the individual compounds are presented. 

Therefore, claims 1-4 fail under Section 3(d) and should be rejected 

under Section 25(1)(f) of the Patents Act.  

 

   C.  Section 25(1)(h) : Section 8 non compliance 

 

55. The Opponent wishes to draw the attention of the Ld. Controller to the 

fact that series of pre-grant opposition has been filed in Brazil patent 

office against the grant of Brazilian counterpart. 

56.  The Applicant failed to submit documents related BR Office actions in 

the application No. PI 0610030-9 which is required under section 8 (2) of 
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the Patent Act. Copy of the as-filed as downloaded from Brazilian Patent 

office is annexed herewith as ‘D6’ and marked as ‘Exhibit D6’. 

 

RELIEF (s) SOUGHT 

57. Opponent states that it has established and made out a case on each of 

the aforesaid grounds of opposition and prays to the Ld. Controller for 

the following relief(s): 

1) Take on record the present Representation;  

2) Leave to file evidence; 

3) Leave to file a replication to the reply of the applicant and evidence;  

4) Grant of hearing; 

5) Refusal of the application in toto; 

6) Such other relief or reliefs as the Controller may deem appropriate. 

 

Dated this the 31st day of October 2018     

                    
                                                                         Amrita Majumdar 
                       For S. Majumdar & Co 

                 (Opponent’s Agent) 
To, 
The Controller of Patents, 
Patent office, Kolkata 
 

Enclosures: 

 Exhibit D1 

 Exhibit D2 

 Exhibit D3 

 Exhibit D4 

 Exhibit D5 

 Exhibit D6 
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found for the intraparietal area responses.

10. MR responses to repeated distracters reset in sub-
sequent trials to initial levels in both left and right
ventral temporal areas (Fig. 4B presents the mean
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to the first presentation in later trials was not
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Inhibitors of Strand Transfer
That Prevent Integration and

Inhibit HIV-1 Replication in Cells
Daria J. Hazuda,* Peter Felock, Marc Witmer, Abigail Wolfe,

Kara Stillmock, Jay A. Grobler, Amy Espeseth, Lori Gabryelski,
William Schleif, Carol Blau, Michael D. Miller

Integrase is essential for human immunodeficiency virus–type 1 (HIV-1) rep-
lication; however, potent inhibition of the isolated enzyme in biochemical
assays has not readily translated into antiviral activity in a manner consistent
with inhibition of integration. In this report, we describe diketo acid inhibitors
of HIV-1 integrase that manifest antiviral activity as a consequence of their
effect on integration. The antiviral activity of these compounds is due exclu-
sively to inhibition of one of the two catalytic functions of integrase, strand
transfer.

The development of chemotherapeutic agents
for the treatment of HIV-1 infection has fo-
cused primarily on two viral enzymes: re-
verse transcriptase and protease. Although
regimens including agents directed at each of
these biochemical targets are effective in re-
ducing viral load and morbidity and mortali-
ty, the long-lived nature of the infection and
the genetic plasticity of the virus have made it
apparent that new antiretroviral agents are
required to deal with the appearance and
spread of resistance (1). HIV-1 integrase cat-
alyzes the insertion of the viral DNA into the
genome of the host cell. Integration is essen-
tial for viral replication and is thus an attrac-
tive target for novel chemotherapy (2, 3).
Many inhibitors of HIV-1 integrase have
been identified; however, their in vitro activ-
ity has not translated into antiviral activity in
cells (4).

Integration is a multistep process that oc-
curs in discrete biochemical stages: (i) assem-

bly of a stable complex with specific DNA
sequences at the end of the HIV-1 long ter-
minal repeat (LTR) regions, (ii) endonucleo-
lytic processing of the viral DNA to remove
the terminal dinucleotide from each 39 end,
and (iii) strand transfer in which the viral
DNA 39 ends are covalently linked to the
cellular (target) DNA (Fig. 1) (4). Each of the
catalytic reactions (39 processing and strand
transfer) requires integrase to be appropriate-
ly assembled on a specific viral DNA (or
donor) substrate (5). In general, compounds
identified in assays with purified, recombi-
nant integrase interfere with assembly in vitro
(6, 7). Because assembly is a prerequisite for
catalysis, such compounds may appear to
inhibit 39 processing and strand transfer, but
they have no effect on either reaction when
assayed subsequent to assembly on HIV-1–
specific oligonucleotides (6). These com-
pounds are also ineffective in assays wherein
viral preintegration complexes isolated from
HIV-1–infected cells are used (8).

To identify inhibitors of catalysis, we biased
the strand transfer reaction by means of preas-
sembling recombinant integrase on immobi-
lized oligonucleotides as a surrogate for prein-

tegration complexes (6) (Fig. 1). In a random
screen of more than 250,000 samples, a variety
of inhibitors was identified; however, the most
potent and specific compounds each contained
a distinct diketo acid moiety, and thus these
inhibitors segregate into a single structural class
(Fig. 1). The diketo acid functionality is an
intrinsic feature of these inhibitors but is not
sufficient for activity, as structural analogs ex-
hibit a range of inhibitory potency. For most
analogs, the activity observed in strand transfer
assays with recombinant integrase correlated
with their relative activity in assays using
HIV-1 preintegration complexes (9). Analogs
that were more potent in these biochemical
assays also inhibited HIV-1 replication in cell
culture.

L-731,988 and L-708,906 were two of the
most active diketo acids in strand transfer as-
says with recombinant integrase. With 50%
inhibitory concentrations (IC50’s) of 80 and 150
nM, respectively, L-731,988 and L-708,906 are
also the most potent inhibitors of preintegration
complexes described to date. In a single-cycle
assay for acute infection (10), L-731,988 and
L-708,906 inhibited HIV-1 replication with
IC50’s of 1 to 2 mM; higher concentrations
prevented the spread of HIV-1 in cell culture
for several weeks (Fig. 2). L-731,988 and
L-708,906 were comparably active against both
macrophage- and T cell line–tropic strains of
HIV-1, clinical isolates, and variants resistant to
reverse transcriptase and protease inhibitors
(11). Consistent with the effect of an early stage
inhibitor, the compounds did not affect virus
production from persistently infected cells (up
to 50 mM) (11).

To validate integrase as the molecular target
responsible for the antiviral effect, we selected
HIV-1 variants resistant to L-708,906 and
L-731,988. At concentrations of inhibitor suffi-
cient to block replication of the wild-type virus
(20 mM), the resistant variants replicated nearly
as well as the wild-type (or resistant) virus in
the absence of inhibitor (Fig. 2). Sequencing of
the cDNA derived from four resistant popula-
tions consistently identified specific mutations
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within the integrase coding region (Table 1).
Met154 3 Ile154 (M154I) was detected in 18
clones from three populations selected indepen-
dently for L-731,988 resistance. Although the
L-708,906 population was more heterogeneous,
M154I was identified in a subset of these vari-
ants. Ser153 3 Tyr153 (S153Y) and Thr66 3
Ile66 (T66I) were also routinely observed in the
L-708,906–resistant population; T66I was
identified in all but one sequence and was near-
ly always accompanied by either S153Y or
M154I. Other changes in integrase were detect-
ed; however, only T66I, S153Y, and M154I
were observed consistently, and every clone
contained one or more of these mutations. The
observation that Thr66, Ser153, and Met154 are
conserved and proximal to the active site resi-
dues Asp64 and Glu152 (12) suggests that these
inhibitors bind at or near the enzyme active site.
No changes were detected in either the U5 or
U3 LTR.

To demonstrate that the mutations ob-
served in integrase were necessary and suffi-
cient for resistance, we engineered each of
the substitutions into an otherwise isogenic
recombinant virus and into the recombinant
integrase protein and evaluated susceptibility
to L-708,906 and L-731,988. Each mutation
conferred some degree of resistance to one or

both inhibitors (Table 1). M154I engendered
modest resistance (two- to fivefold) to both
compounds, whereas S153Y affected the rel-
ative susceptibility to L-708,906 but was not
sufficient to confer resistance to L-731,988.
These results are consistent with the observa-
tion that only M154I was present in the
L-731,988–resistant population. The data
also suggest that the two inhibitors differ
subtly in their interaction with the enzyme.

At best, individual mutations in integrase
conferred a six- to sevenfold loss of suscep-
tibility to either L-708,906 or L-731,988;
however, increased resistance was achieved

when the mutations were combined pairwise,
as observed in the L-708,906–selected pop-
ulation. In a single-cycle HIV-1 infection
assay (10), the combination of T66I and
S153Y produced the largest effect with the
IC50 for L-708,906 shifted by more than 20-
fold, as compared with two- to threefold for
either mutation alone (Table 1). The mutant
viruses remained sensitive to inhibitors of
protease and reverse transcriptase, e.g.,
L-697,661 (Table 1) (13). Although individ-
ual mutations did not appear to impair cata-
lytic activity or infectivity, double mutants
displayed decreased enzymatic activity and

Table 1. Mutations in HIV-1 integrase confer resistance to diketo acid inhibitors. ND, not determined;
Und., undetermined.

Constructed
mutations

Strand transfer (IC50, mM) HIV-1 infectivity (IC50, mM)

L-708,906 L-731,988 L-708,906 L-731,988 L-697,661*

W T HXB2 0.1 0.1 2.5 1.0 0.03
T66I 0.6 0.6 8.0 7.0 ND
S153Y 0.6 0.2 10 1.0 ND
M154I 0.5 0.5 5.0 4.0 ND
T66I/S153Y Und.† Und.† .50 10.0 0.04
T66I/M154I 1.0 1.5 16.0 12.0 0.05

*Nonnucleoside inhibitor of HIV-1 reverse transcriptase (13). †Activity against the T66I/S153Y mutant could not be
determined because of poor activity of the purified protein.

Fig. 1. Activity (IC50, in mM) of diketo acid inhibitors. PIC, preintegration complex.
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altered replication kinetics (14). The T66I/
S153Y enzyme exhibited less than 5% of the
activity of wild-type integrase; therefore,

IC50’s could not be determined.
To define the mechanism by which these

compounds inhibit integrase and HIV-1 rep-

lication, we evaluated the activity of
L-731,988 in relation to each of the discrete
steps required for integration. In biochemical
assays, the concentrations of L-731,988 re-
quired to inhibit 39 processing were 70 times
higher than the concentrations required to
inhibit strand transfer (6 mM versus 80 nM,
respectively) (Fig. 3). Disparate potency was
also observed for disintegration (15), where
the IC50 for L-731,988 was ;20 mM with
either the core domain (amino acids 50
through 212) or the full-length enzyme (16).

The concentration of L-731,988 required
to inhibit 39 processing (or disintegration)
was greater than that required to inhibit acute
infection (6 mM versus 1 mM). Therefore, to
assess the effect on integrase activity in the
context of HIV-1 replication, we analyzed
preintegration complexes extracted at various
times after infection. The kinetics of reverse
transcription and 39 processing of the U5
LTR (and U3 LTR) by integrase were iden-
tical in cells infected in the presence or ab-
sence of L-731,988. (Fig. 4A) (17). In con-
trast, preintegration complexes isolated from
cells infected in the presence of L-731,988
were not competent to integrate when tested
in vitro (Fig. 4B). The observation that
L-731,988 and related inhibitors (e.g.,
L-708,906) affect integration activity without
affecting synthesis or processing of the viral
DNA is consistent with the selective profile
that the compounds manifest toward strand
transfer in biochemical assays. L-731,988 in-
hibits the final catalytic step in integration,
and this specific effect on integrase is suffi-
cient to account for the antiviral properties of
the inhibitor.

To assess the outcome of this effect in
infected cells, we investigated the nature of
the HIV-1 DNA produced as a consequence
of L-731,988 inhibition. Cells infected with
wild-type HIV-1 contain both linear and cir-

Fig. 2. Effect of L-708,906 and L-731,988
on the replication of wild-type (WT)
HIV-1 and diketo acid–resistant variants.
Viral replication in H9 T-lymphoid cells
was assayed by immunofluorescent stain-
ing for HIV-1–specific antigens (19). Cul-
tures were incubated (A) in the absence
of inhibitor or in the presence of (B) 20
mM L-708,906 or (C) 20 mM L-731,988.
For each condition, the replication of
wild-type HIV-1 IIIB and virus populations
selected for resistance to L-708,906 and
L-731,988 (20) was evaluated.

Fig. 3. Inhibition of 39
processing and strand
transfer by L-731,988.
(A) Integrase 39 pro-
cessing and (B) strand
transfer activities are
shown. HIV-1 HXB-2
integrase (1 mM) was
incubated with 50 nM
of a 32P-labeled oligo-
nucleotide representing
the last 20 nucleo-
tides of the HIV-1 U5
end. Reactions included
varying levels of L-
731,988 (threefold dilu-
tions from 100 mM,
lane 12, to 5 3 1024

mM, lane 1). Reactions
were performed for 1
hour at 37°C and ana-
lyzed as described (18).
The fraction of substrate converted to the specific 39 processed product (18-
nucleotide oligomer) or to strand transfer products (.20 nucleotides) was
determined by PhosphorImager analysis. (C) Percent inhibition in relation to the

DMSO control (lane 13); the IC50’s determined for inhibition of 39 processing
(circles) and strand transfer (squares) (6 and 0.08 mM, respectively) are repre-
sentative of multiple experimental determinations.
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cular viral DNA products (3). Circular forms
of HIV-1 DNA are the products of cellular
enzymes in the nucleus and are not competent
for integration. With integrase-deficient vi-
ruses, circular DNA forms accumulate (3). In
cells acutely infected with wild-type HIV-1,
the presence of L-731,988 also led to an
accumulation of circular products and a con-
comitant decrease in integration-competent
linear viral DNA (Fig. 4C). The effect of
L-731,988 on HIV-1 infection was indistin-
guishable from an integration-defective mu-
tation [integrase Asp116 3 Asn116 (D116N)]
(18); in both infections, two LTR circles
peaked within 24 hours at a level ;10 times
the level observed in the absence of inhibitor
(Fig. 4D). Similar results were obtained for
L-708,906 and other active diketo acids (17).
By altering the kinetics of the strand transfer,
the diketo acids bias the formation of repli-
cation-defective products and inhibit HIV-1
replication.

We have presented L-731,988 and the

diketo acids as the archetype of a new class of
integrase inhibitors and novel antiretroviral
agents. The compounds are specific inhibi-
tors of integration, which exert their antiviral
effect on HIV-1 solely as a consequence of
their ability to inhibit the strand transfer ac-
tivity of integrase. The compounds exhibit a
preference for the strand transfer reaction in
vitro and inhibit integration without affecting
synthesis or processing of the HIV-1 DNA in
infected cells. Mutations proximal to the in-
tegrase active site residues engender resis-
tance to the virus and the isolated enzyme,
establishing the diketo acids as the first bio-
logically validated inhibitors of integration.
Although the same active site residues are
required for 39 processing and strand transfer
(12), the ability of the diketo acids to discrim-
inate between the two catalytic functions of
integrase implies that a unique conformation
of the enzyme may mediate strand transfer.
The association of integrase with LTR se-
quences results in the formation of a stable,

active strand transfer complex (5). We have
noted that HIV-1 LTR sequences stimulate
high-affinity binding of L-731,988 and relat-
ed compounds to integrase, suggesting that
integrase may adopt a distinct conformation
subsequent to assembly (16). Together with
the results presented, these observations pro-
vide biochemical and physical evidence dis-
sociating the two catalytic functions of inte-
grase and suggest that the diketo acids may
be useful tools to probe the enzymatically
active structure of integrase and to investigate
the complexities of this reaction.
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A Tale of Two Futures: HIV and
Antiretroviral Therapy in San

Francisco
S. M. Blower,1* H. B. Gershengorn,1 R. M. Grant2

The effect of antiretroviral therapy (ART) in preventing human immunodefi-
ciency virus (HIV) infections and averting acquired immunodeficiency syn-
drome (AIDS) deaths in the San Francisco gay community over the next 10 years
was predicted. A transmission model was coupled with a statistical approach
that enabled inclusion of a high degree of uncertainty in the potential treatment
effects of ART (in terms of infectivity and survival), increase in risky behavior,
and rate of emergence of drug resistance. Increasing the usage of ART in San
Francisco would decrease the AIDS death rate and could substantially reduce
the incidence rate.

Currently, 30% of the San Francisco gay
community are HIV-infected (1). About 50%
of these HIV-infected men are taking combi-
nation ART (2); these three or more drug
regimens include recently developed protease
inhibitors, nonnucleoside reverse transcrip-
tase inhibitors, or both. Part of the recent
decrease in the San Francisco AIDS death
rate (3) could be attributable to the effect of
ART, as ART decreases disease progression
rates (4). However, because treated individ-
uals are likely to retain some degree of infec-
tivity, it is possible that ART could lead to an
increase in the infection rate (5). Further-
more, drug-resistant HIV strains (that are less
responsive to therapy) have emerged (6), and

risky behavior has begun to increase in San
Francisco (7). Therefore, whether the epi-
demic-level effects of ART will be beneficial
or detrimental is unclear.

To predict (with a degree of uncertainty)
the effectiveness of ART in the San Francisco
gay community, we developed and analyzed
a mathematical model. Our model includes
the potential effects of ART on the transmis-
sion dynamics of both drug-sensitive and
drug-resistant HIV strains. It is specified by
five ordinary differential equations (8) (Fig.
1) and allows for drug-resistant strains (that
differ in their infectivity and disease progres-
sion rates from drug-sensitive strains) to
emerge during treatment and to be sexually
transmitted (6). Acquired resistance develops
because of a variety of factors (8); we model
the aggregate effect of all these factors by a
single parameter r. We model the potential
treatment effects of ART by assuming that
ART [by reducing viral load (9)] increases
average survival time and reduces infectivity,
and that drug-resistant strains will be less

responsive to therapy than drug-sensitive
strains (6). Treatment (in our model) has
three outcomes. A patient can respond to
ART and remain as a nonprogressor for a
specified amount of time, experience clinical
failure and death without developing drug
resistance (9), or virologically fail treatment
and develop drug resistance (10). Individuals
can go on and off ART, and drug-resistant
infections can revert to drug-sensitive infec-
tions if the selective pressure of treatment is
removed (11) (Fig. 1).

We predicted the effectiveness of a high
usage of ART over the next 10 years in the San
Francisco gay community by analyzing our
model with time-dependent uncertainty analy-
ses (12, 13). Effectiveness was predicted in
terms of the cumulative number of HIV infec-
tions prevented and the cumulative number of
AIDS deaths averted (14). The San Francisco
epidemic has been well studied, and the values
of several of the parameters necessary for pre-
diction are known (15); however, the values of
other parameters are less certain. Hence, we
conducted two uncertainty analyses (an opti-
mistic and a pessimistic analysis) on the basis
of different assumptions regarding the rate of
increase in risky behavior and the rate of emer-
gence of drug resistance. Both analyses includ-
ed a high degree of uncertainty in the potential
treatment effects of ART (on increasing surviv-
al and reducing infectivity). For the optimistic
analysis we assumed that the rate of emergence
of resistance would remain at a constant, fairly
low value [only 10% of cases would acquire
resistance per year (16)], and that risk behavior
would not increase. For the pessimistic analysis
we assumed that the rate of emergence of re-
sistance could substantially increase [10 to 60%
of cases could acquire resistance per year (17)],
and that risk behavior could increase from al-
most no increase to a doubling (17).

For each uncertainty analysis we used our
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