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Learning Objectives

1) Describe differences between HIV-1
genotype archive (GenoSure Archive)
resistance testing versus standard
genotype resistance testing

2) ldentify patients that may benefit from
HIV-1 genotype archive resistance testing
when switching antiretroviral therapy

3) ldentify when HIV-1genotype archive
resistance testing Is not appropriate
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Selective Pressure of Therapy

Treatment begins

Drug-susceptible quasispecies

4 & Drug-resistant quasispecies
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Selective Pressure of Therapy

Treatment begins
. Drug-susceptible quasispecies

‘ ‘ Drug-resistant quasispecies

Selection of resistant
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Successive Therapies

Regimen 1
. Drug-susceptible quasispecies

# ¥ ¥ Drug-resistant quasispecies
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Patient Case (GJ)

57 yo African American male
HIV-HCV coinfected

DM2 diagnosed 2011 last Alc 6.1
— metformin 500 mg bid

HTN
— Losartan 100 mg bid

Dyslipidemia
— Atorvastatin 20 mg daily
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HIV History Case (GJ)

 Most recent VL and CD4 (9/14)

HIV RNA < 20 cpm
CD4 509 cells/uL (33%)

ARV History

Zidovudine, + 2 others 1990s

Stavudine, lamivudine, Indinavir, ritonavir 12/2000—- 8/2004
Changed d/t resistance/viral failure

Tenofovir+lamivudine/zidovudine (FDC) + SQV 1000 mg
bid/ritonavir 100mg bid 8/2004 to 1/2009 Changed to eliminate
zidovudine from regimen to treat Hep C with peg-inf/rbv (failed)

Tenofovir/FTC (FDC)+ RAL + SQV/r BID 1/2009 to 4/2013
Changed to qualify for SOF/DCV Hep C Clinical Trial

Tenofovir/FTC (FDC) + RAL 400mg + DRV 600mg/RTV 100mg
BID
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HCV History (GJ)

Treatment history: Failed Interferon/ribavirin
(Null Responder)

Failed Sofosbuvir / Daclatasvir (NS5B/NS5A)
Clinical Trial 12 wk ETR
(Relapse post tx week 4)

Genotype 1A

HCV RNA (9/2014)
— 12,000,000 1U/mL (7.08 log,, IU/mL)

Well compensated Cirrhosis
Childs A
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GJ HIV-1 Phenotype July 2004 on D4T 40mg / 3TC
150mg / IDV 800mg / RTV 200mg bid

Feksnd Toid o Ty sy Fnorolibddy by egsing

car i G T R - b
[0 am Y R e disced Susc
01448 18 F R dipced Susc
o . = e dipced Sunc
Cn s B R poad] S
T ) N g pced Sumnc
21111 1] L R e Sumc
LT x ATV o e R
SO T 108 SO sanchive

] B picak damary Cuic®

Umploatics o pacrsy canred = reporied o i el iz eomoms it s rol e | Ry st e o

SIPAETCHL SRS



GJ HIV-1 Phenotype July 2004 on D4T 40mg / 3TC
150mg / IDV 800mg / RTV 200mg bid
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GJ HIV/Hep C gt 1A

« TDF/FTC (FDC) + « SMV/SOF/RBV1000
RAL 400mg bid + started 10/10/2014 x
DRV 600 mg / RTV 12-24 weeks
100 mg bid

« Antiretroviral therapy
regimen changed to

e TDF/FTC/RPV (FDC)
+ DTG 50 mg bid
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GJ HIV/Hep C gt 1A

HIV (TDF-FTC-RPV+DTG BID) HCV (SMV+SOF+RBV)

« HIV Viral load e HCV Viral load
Oct 2014 <20 3,457,502
Nov 2014 59 Not Detected
Dec 2014 95 Not Detected

HIV viral load is
Increasing. What should
we do?
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N

Poll 1. GJ’s HIV viral load Is increasing after change

to TDF-FTC-RPV plus DTG 50 mg bid, and Hep C
viral load Is not detected. What would you do next?

Order genotype resistance testing (PR-RT and INT)
Order phenotype plus genotype including INT
Order DNA Sequencing (archive genotype)

Order DNA Sequencing (archive genotype) & Trofile DNA
(Tropism)

| would not order anything for this patient’s HIV because |
want to go to lunch

Other?
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enoSures:::

archive

NA Sequencing

ssdy

Samuel H. Pepkowitz, MD, Medical Director
345 Oyster Point Blvd
South San Francisco, CA 94080 - Tel: (BO0) 7770177

Date Collected

O7-NOV-2014 16:14

Refeming Physician
Edward Cachay
Comments

Generic
Mame

Abacavir

Didanosine

NRTI

Lamivudine

Tenofovir

Efavirenz

Efravirine

Hevirapine

NMNRTI

INI

Elvitegrawir

Atazanavir

Darunavir

Indinavir

PI

Helfinavir
Ritenavir
Saquinavir

Tipranavir

Date Received

11-MOV-2014 16:54 PT

UCSD Medical Center/Owen Clinic
Attn: Dr. Craig Ballard 4168 Front Street,
Third Floor

San Diego, CA 92103
UsA
Client: 00269 Project: 00073
Phone: (§19)543-3095 Fax: (§19)543-7841
Date Reported Mode Report Status
17-NOV-2014 2042 FT  RW FINAL

Reference Lab I0VOrder #

HIV-1 Subtype: B

2= BIOSCIENCES

Emfricitabine
Stavudine

Tidovudine

Rilpivirine
Dolutegravir

Raltegravir

Fosamprenavir

Lopinavir

Brand
Hame

Ziagen
Videx
Emiriva
Epivir
Zerit
Viread

Retmwir

Sustiva
Intelence
Viramune

Edurant

Tivicay
Ehitegravir
|sentress

Reyataz

Reyataz /r#
Prezista / r¥
Lexiva ( r#
Crixivan / r¥
Kaletra®
Viracept
MNorvir
Invirase [ r¥

Aptivus [ r¥

Assessment

Drug Resistance Associated Mutations Detected

Resistance Possible !15/1. Missm

Comments

Resistance Possible M1V
VI1EVA, MIB4MY
Resistant VISV, MIB4MV
Sensitive Ve 1
Sensitive None 1
Sensitive VISV, TI6EAN ;
Sensitive VITED, TIEOAT
Sensitive V172D, TI6EAN
Sensitive V172D, TIEEAN
| Resistant [
Sensitive Non
Sensitive Nene
Sensitive Nene
Sensitive C701, WEGMIL, 6207, VEZWIF
Sensitive L701, MAGMIL, G20, VEZWIF
Sensitive L10I, MABMIL, VEZUIF
| Resistant |G S Gl
Sensitive L10I, MAGMIL, VEZUIF
Resistance Possible |10 MAGML, VE2VF
L10I, M4GMIL, VEZVIF
Resistant L10I, MAEMIL, VEZVIF
Sensitive L10I, MAEMIL, (6207
Sensitive MABMIL. L 83T
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| M
- UCSD Medical Center/Owen Clinic X Mﬂ“ﬂgram
r 0 I e Attn: Dr. Craig Ballard 4168 Front Street, Third |
Floor

Lab(Corp Specialty Testing Group

CO-RECEPTOR TROPISM ASSAY 4"/ uimauimui USA

Client: 00268
Phone: (618)543-3885

Samuel H. Pepkowitz, MD, Medical Director
345 Oyster Point Blvd
South San Francisco. CA 24090 - Tel: (800) 777-0177

San Diego, CA 92103

P=: BIOSCIENCES

Project: 00073
Fax (510)543-7841

Date Collected Diate Receved Date Reported Mode Report Stabus.
07-HOV-2014 16:14 11-MOWV-2014 16:54 PT 02-DEC-2014 1336 PT RW FINAL
'Relerri'lg Physician Reference Lab IDVOrder #
Edward Cachay

Commenks:

Tropotype Result

D/M X4

Virus uses CCRS5 co-receptors
to enter the CD4+ cell.

HIV-1 Envelope Subtype: B

TROFILE*DNA -—A NEW TROPISM ASSAY FROM
MONOGRAM BIOSCIENCES

Trofile DMA meets the US standards for technical validation as

established by the Clinical Laboratory Improvernent Amendments.

Trofile DMA s & single cycle pssudovinon based tropism assay that

uzes the complete gp160 codng region of HIV-1 to evaluate tropism.

Instead of using HIV-1 RNA isclated from patient plasma, Trofile DNA

uses cell assocated viral DA taken from whole blood cells infected

with HIV, HIV-1 evenlopes encodad by the viral DA are tested in a

cel-based viral infectiity assay in order fo determing which

co-receplor the HIV-1 population is capable of using: CCRS, CHCRA,

or both, known as Di[dualimixed).

TROFILE DA VIRAL CLASSIFICATION

Co-recsptor fropism is defined as an interaction of 2 virus with a

epecific co-receptor on the target call, To gain entry into CO4+ cells,

HIV must bnd fo the cell surface D4 receptor and to one of two

co-receplors, CCRS and CXCRA. Trofile DNA uses the complates

g}ﬂﬁt} coding region of the HIV-1 envelope pretein ensuring that all
the determnants of tropism tested.

CCRS Tropic (RS) HIV-1

Wirus uses CCRS o enter into COd+cells.

CXCR4 Tropic (Xd) HIV-1

Virus uses CHORA to enter into CD4+ cells,

DUALMIXED Tropic (DUM) HIV-1

Dual-tropic viruses can use either CORS or CHCR4 to enfer into
CDd+ cels. Miged-tropic populatians contain viruses with 2 or more

trapisirg.
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GJ HIV/Hep C gt 1A

HIV (TDF-FTC-RPV+DTG BID) HCV (SMV+SOF+RBV)

 HIV Viral load e HCV Viral load
Oct 2014 <20
Nov 2014 59 3,457,502
Dec 2014 95 Not Detected

« CART changed to TDF-FTC- Not Detected
RPV+DTG BID+ MVC 300mg
?;n 2015 25 Not Detectec
Feb 2015 <20 Not Detectec
Apr 2015 <20 Not Detectec

May 2015 <20 SVR4
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New Resistance Assay
Introduced October 2014

b eﬂosmg L
archived.s

Assay
The first commercial assay designed to
provide HIV-1 antiretroviral drug resistance
data in virologically suppressed patients.
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Suppression Management

« Definition: The ability to make adjustments to
antiretroviral drug regimens in patients whose
HIV-1 virus is fully suppressed

 “The cardinal principle of regimen change is
to maintain viral suppression without
jeopardizing future treatment options.”

e Often, changes are made without full knowledge
of a patient’s treatment history or antiretroviral
resistance history

“ Regimen switching in the setting of virologic suppression” DHHS Guidelines, 01 May 2014

SIPAETCREFRVERR



Principles and Strategies of Regimen
Switching

If there Is uncertainty about prior
resistance, it is generally not advisable to
switch a suppressive ARV regimen
unless the new regimen is likely to be as
active against resistant virus as the
suppressive regimen.

“ Regimen switching in the setting of virologic suppression” DHHS Guidelines, 01
May 2014
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Principles and Strategies of Regimen
Switching

Recommendations for Changing the ART Regimen
in Treatment-Experienced Patients

Design of a new regimen should consider previous antiretroviral therapy
exposure, previous resistance profile, drug interactions, and history of
intolerance or toxic effects (Alla).

JAMA. 2014;312(4):410-425. doi:101001/jama.2014.8722
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Principles and Strategies
of Regimen Switching

Recommendations for Changing the ART Regimen
in Treatment-Experienced Patients

Switching or regimen simplification in virologically suppressed individu-
als is generally safe if prior treatment and resistance profile are consid-
ered and full activity of the nucleoside reverse transcriptase inhibitors can
be ensured for switches from a ritonavir-boosted protease inhibitor to
drugs with low barriers to resistance (nonnucleoside reverse transcrip-
taseinhibitors, unboosted protease inhibitors, orintegrase strand trans-
fer inhibitors) (Ala).

JAMA. 2014,312(4):410-425. doi:10.1001/jama.2014.8722
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THE VIRAL ARCHIVE
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Archived vs Plasma Virus

“The PBMC-derived HIV-1 DNA and circulating
HIV-1 RNA represent two different viral
compartments in the same individual.™

HIV-1 DNA (“Archived”) HIV-1 RNA (“Plasma”)

« Virus transmitted and « The actively replicating
archived at the time of virus from productively
acute infection Infected cells.

e Mutations acquired during < The most current form of
the course of the patient’s the virus.

ARV treatment

* VanDamme AM, et al. AIDS Rev. 2011; 13:77-108.
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The Viral Archive:
A Second Source of Viral Information

Blood Vessel

Viral loads and
standard resistance
assays analyze viral
RNA In plasma.

HIV-1-Infected
Cells

Plasma
HIV-1 Virions

Uninfected C
ninfecte %PAETCH‘E%E@%%ﬁ



The Viral Archive:
A Second Source of Viral Information

Blood Vessel

GenoSure Archivesv
analyzes archived
HIV-1 proviral DNA
embedded in host
cells during virus
replication. This may
be referred to as
“cell-associated” DNA

HIV-1-Infected
Cells

Uninfected C
ninfecte %PAETCH‘E%E@%%ﬁ



Cell-Assoclated DNA

Archived Viral DNA may be from:

1. Integrated DNA — Double-stranded viral DNA
Integrated into the host cell genome; proviral
DNA

2. Cytoplasmic DNA — Unintegrated viral DNA In

the cell cytoplasm




Proviral DNA Assays

« Any replicating resistant virus variant in a patient will be
archived and may later appear under appropriate
selective pressure

 DNA is more stable than RNA, can be easily obtained,
does not require reverse transcription and can be
sequenced efficiently

 The development of resistance mutations appear earlier
In the plasma RNA, but persist longer in PBMC DNA

Vandamme AM, et al. European Recommendations for the
Clinical Use of HIV Drug Resistance Testing: 2011 Update.
AIDS Rev. 2011;13:77-108
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HOW GENOSURE ARCHIVE*WORKS
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GenoSure Archivest Process

F . Magnetic Nested

.- DNA Extraction PCR

g - L

1.} Amplified

PBMC Cellular DNA Viral DNA

Be—
| - - - -
— !
—
Reporting Interpretation Next-gen sequencing
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Sample Requirements

Important points: ® [ Ll J
e GenoSure Archivesuses
whole blood, not plasma,
because the viral DNA Is ‘

found In the cells.

 All Monogram assays
must be FULLY frozen @

DO NOT CENTRIFUGE.

(3-4 hours) at -20°C
before shipping on dry
ice

needs to be FULLY
frozen before shipping.

Call Monogram/
LabCorp for courier

pickup if not already
scheduled

r—\r—'\r—'\l

Freeze Immediarely
at-20°C. Sample

SIPAETCREFVERR



RC 59 yo male

Epzicom, tenofovir, atazanavir, ritonavir
since 2007 (Recent HIV VL 683 copies)

Stavudine, didanosine, nevirapine 1998-2001
Trizivir, nelfinavir since 2001-2005
Trizivir, tenofovir, atazanvir, ritonavir 2005-2007

Provider orders archive genotype to simplify
regimen for patient

32
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Eeﬂa.S'ﬂre i

DNA Sequencing

Elr'l: _”VE Assay

Samuel H. Pepkowiz, MD, Medical Director
2346 Oyster Point Bhed
South San Francisco, CA 84080 - Tel: (B00) 7770177

Date Collected Diate Received
26-MAR-2015 16:12 PT  03-APR-201510:03 PT

24-MAR-2015 00:01
Refering Physician

Charles Hicks, Afin: Dr. Craig Ballard 4188 Front Street, Third Floor, San Diego CA 22103 USA

UCSD Medical Center/Owen Clinic ]
Attn: Dr. Craig Ballard 4168 Front Street, b

Third

San Diego, CA 92103

UsA

Chent:
Phone: (610)543-3005

Floor

DO260

Date

7 Monogram
b= BIOSCIENCES

Lah[r: JS|.-:.|-.It-. T{* sting C I:.Jl.l

Project 00073
Fax: (§10)543-7841

Maode Report Status
RW FINAL

Reference Lab IDVOrder #

Comments HIV-1 Subtype: B
Generic Brand Assessment Drug Resistance Associated Mutations Detected Comments
Mame Hame
Abacavir Ziagen Sensitive TEETIN

__ |Didanosine  Videx Sensitive Nane

E Emiricitabine  Emtriva Sensitive None

Z |Lamivudine  Epiir Sensitive None
Stavudine Zerit Sensitive ToETIN
Tenofovir Viread Sensitive None
Zidovudine  Retrowvir Sensitive None

_ Efavirenz  Sustia Sensitive None

E Etravirine Intelence Sensitive None

% Mevirapine  Viramune Sensitive None
Rilpivirine Edurant Sensitive None
Dolutegravir  Tivicay Sensitive Nene

Z |ewitegravir  ENvitegravir Sensitive Hon=
Raltegravir  lsentress Sensitive Nene
— ‘Reyatzz | Sensitive ESSEMAIN. MG

P— Sensitive EZSEDFIN, M3GMI

Darunavir Prezista / r¥ Sensitive E3SEDMIN
Fosamprenavir Lexiva / 1+ Sensitive BISEMMIN

— | Indinavir Crixivan / r¥ Sensitive ESSEMAIN. MW

o Lopinavir Kaletra® Sensitive BISEDKIN
pra—— Virmcept Sensitive E2SEDKIN, M3G6MI
Ritonavir Morvir Sensitive BISEDMKIN
Saquinavir Invirase / r¥ Sensitive E3SEDKIN
Tipranavir Aptivus / r¥ Sensitive E3SE/KIN, M3GNYT
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Poll 2: Since RC’s Archive genotype resistance test

shows no mutations | would change the antiretroviral
regimen to the following:

Stribild (tdf-ftc-evg-cobi)

Triumeq (abc-3tc-dtg) [if HLA B5701 negative]
Complera (tdf-ftc-rpv)

Any single tablet regimen will work

| need more antiretroviral treatment history
Other

o 0k wWNhPRE
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PhenoSENSE GT UeSD Medical CenteriOwen Clnc

COMBINATION HIV DRUS RESIETANCE ASSAY Street, Third Floor

San Diego, CA 92103

LILT
menogram Client: 00269 Project 00073
Formerly ViroLogic, Inc. Phone: (612)543-2005 Fau: (610)543-T841

Patrick Joseph, MD, Medical Director - 345 Oyster Point Bled
South San Franciseo, CA 84080 - Tel: (BDD) 7770177

Date Collected Ciate Received Diate Reported Mode Report Status
06/05/2007 11:31 D&/08/2007 10:24 062142007 11:27 WX FINAL
Refeming Physician Reference Lab ID

‘William Christopher Mathews, 200 W. Arbor Drive Owen Clinic, San Diego CA 92103 USA

Comments HIV-1 Subtype: B

PHENOSENSE™ SUSCEPTIBILITY |.C55 | Net Assessment

Brand Cutofis Fold Increasing Drug Susceptibility Decreasing | Pheno Gene

Mame {Lower - Upper) Change - 1 1 o0 Senss Seq
1 ' ||I|||||| ol ol

Ziagen (4.5 - 6.5 433 Y

Widex 1.3 - 2.2) 1.55 P

Emitriva (3.3 =MAX
Epivir (3.5 =MAX
Zerit [1.7) 1.80
{1.9) 591
1.4 - 4 1.08
DETN, KTOR, M134V, K219E

|: Emtricitabine
2 | amivudine

Retrowir

= = = Z Z = =

Reescriptor 6.2 &5

Sustiva 3 34

(o Efavirenz
Z Mevirapine Viramune 4.5 87
KNMRTI Mutations KA03N

Reyataz 2.2 0.82 L ¥ ¥ Sensitive
Reyataz | r+ (5.2) D2 Col C ¥ Y Sensitive
Prezisa/r§ 10 - 80) 080 C Y [ ¥ v Sensitive
 Lexiva @ 0.28 21y Y Y Sensitive
Fosamprenavir : i " .
lexiva/rs  (4-11) 048 T (I Y Y Sensitive
Crixivan 2.1) 072 O oH Y Y Sensitive
Indinawir i = .
Crisivan / 1+ (10) 0.12 O [ Y Y Sensitive
Kalstra i9- 55 0.5 C 3 4 Y Y Sensitive
Viracept [2.8) 1.18 D D| Y Y Sensitive
Norvir {2.5) 1.00 ] o Y Y Sensitive
Invirase {1.7) 0.7 0 Y Y Sensitive
Invirase [+ (2.3 - 12)  0.79 : ) 4 Y Y Sensitive
Aptws [+ (2 - 8) 147 o M Y Y Sensitive
M3smMil
| Lower Clinical Cutoff (in bold) » Hypersusceptidity [ Sensitive Y Evidence of Drug Sensitivity
|4 Upper Clinical Cutoff (in bold) + Cutoff = Partially Sensitive P Evidence of Partal Drug Sensitivity
|| Biological Cutoff M Resistant N Ewidence of Drug Resistance



RC 59 yo male

Current Treatment Epzicom, Tenofovir, Atazanavir and Ritonavir

« HIV Viral load

2/21/14 173

7/9/2014 2176

10/31/2014 683

03/24/2015 10687  GenoSure Archive Resistance
Test Ordered

4/21/2015 106 Regimen changed to Complera

plus Prezcobix

SIPAETCREFRVERR



Regimen Switching In the
Setting of Viral Suppression

e Cardinal principle of regimen switching
— Maintain viral suppression without jeopardizing future
options
 Virologic failure with emergence of new
resistance mutations

— Increases need for more complex, difficult-to-follow,
or expensive regimens

SHIPAETCREFWERK



Principles for

Successful Regimen Switching
 Review ART history

— Virologic suppression, resistance test results, and past adverse
events

— If resistance data are unavailable, resistance may often be inferred by
treatment history.

— Consult with an HIV specialist for patients with a history of resistance
>1 drug classes

e During first 3 months after a regimen switch

— More intensive monitoring of tolerability, viral suppression, adherence,
and laboratory changes is recommended

SHIPAETCREFWERK



Monitoring After Switching
Regimens

Evaluate more closely for several months after a treatment switch

— 1 to 2 weeks post switch: a clinic visit or phone call
— 4 to 8 weeks post switch: viral load test (rebound viremia)

Goal of the intensive monitoring
— Assess medication tolerance

— Conduct targeted laboratory testing within 3 months after the regimen switch
(ie, pre-existing laboratory abnormalities or potential concerns with the new

regimen)
Absent any specific complaints, laboratory abnormalities, or evidence of
viral rebound at this 3-month visit, clinical and laboratory monitoring of
the patient may resume on a regularly scheduled basis

‘“HHEII)AE’]—‘CTL\T‘E L{_Eﬁ{c‘i)u%ﬁﬁ



GenoSure Archives:
Facllitates Regimen Changes

Increasingly common today Is the need for “fine
tuning” regimens while a patient’s virus remains
suppressed. Reasons for this include:

Regimen simplification

Adverse events

Side effects

Concern for long-term toxicities
Drug-drug interactions

Regimen intolerance

Optimization of ARVs in preghancy

{92‘
_‘:"”:1 |
\ﬁb}f
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GenoSure Archives-:
Resistance Information At Hand

e GenoSure Archive may also provide
valuable and useful information for
patients who are missing historical
resistance data

e “Historic resistance reports remain
Important in the clinical management of
patients on antiretroviral therapy, though
proviral DNA testing may be useful in
patients where historic reports are not
availablel.”

1.Booth, CL, McCormick A, Garcia-Diaz A, et al. Feasibility of testing and detection of
HIV-1 drug resistance in proviral DNA. BMC Infectious Diseases. 2014; 14(Suppl
4):025.

SIPAETCREFRVERR



Summary

 GenoSure Archive (DNA Seguencing Assay) can be a
useful tool to help effectively and safely switch
antiretroviral therapy to easier regimens to durably
maintain viral suppression.

— Patient HIV-1 viral load should be <500 cpm when sample
collected

— Do not use if HIV-1 viral load is > 500 cpm as inaccurate results
can occure

— Must collect whole blood and frozen. Do not centrifuge sample.

e Switching antiretroviral therapy to fewer tablets and safer
alternatives is attractive to both patients and providers
— Details of treatment history remain important
— Pharmacovigilance will remain important!

SIPAETCHL SRS
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