Pharmacotherapy In
Pediatric HIV ¢ infected Patients
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PediatricAntiretrovirals



Medscape

7. Maturation: the individual
proteins combine to make a
new functioning virus

1. Binding and fusion: free HIV virus
binds to a CD4 molecule and one

of two coreceptors (either CCR5

or CXCR4). The virus then fuses

with the host cell

Immature virus breaks
free of the infected cell

Viral proteins

(CCRS or CXCR4)

2. Infection: virus 6. Assembly: sets of viral

penetratss cell. 3. Reverse transcription: ) protein chains come
Contenisamphed single strands of viral RNA . f together. The protease
into cell are concerted into Viral RNA ! ~=ms—ostarts processing

dsDNA by the reverse P rOte asel ns in the newly

tfranscriptase enzyme irus

HIV RNA HIV DNA " d \
AN ’ <= 5.Transcription: when the

Human DNA infected cell divides, the
viral DNA is ‘read' and

4.Integration: viral DNA' long chains of proteins
is combined with the cell's are made

own DNA by the integrase

enzyme Expert Rev. Anti Infect Ther.
@ Future Science Group (2010)

Source: Expert Rev Anti Infect Ther © 2011 Expert Reviews Ltd
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Pl Fusion Inhibitor

valazanair oV

¥/ Limit access _
CCR5 Antagonist

Limit access

Limit by S/E
Limit access

¥/ Limit access
V Lamivudine (3TC) Limit by S/E Sl Limit access

V Stavudine (d4T) V Lopinavir (LPV)

Y Tenofovir(TDF) WA Limit by S/E Integrase Inhibitor

VAL VTG IGENGGVADIAYA \cver use single age L'

¥ Limit access 8] Limit access
WA Limit access

NNRTI
\/ Ffavirenz (FF\/\

a Etravirine(ETR)

V Nevirapine (NVP V = FDA approved for pediatric treatment
B Liicoccess

§ =Clinical trials for pediatric treatment




Tanner Staging

Breast Development and Pubic Hair
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Breast Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
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Pubic hair Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

B Genital Development and Pubic Hair

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
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Approvec Age/bB 0 allo
AU C C C .
NRTIS
Zidovudineg(AZT) | 1990 0-18yrs oral solution/tablet/
(Retrovii®) capsulefnjection
Didanosine(ddl) 1991 2 Wk-18yrs powder for oral
(Videxand Videx solution/buffered
E® tab /delayed releas
capsule
Lamivuding(3TC)| 1995 0-18yrs oral solution/ tablet
(Epivi®)

Stavudine(d4T) 1996 0-18yrs oral solution/
(Zerit®) capsule
Abacavir (ABC) 1996 3 m-18yrs oral solutionftablet

(Ziagenavi®)
Emtricitabine(FTC] 2003 0-16yrs oral solutionftablet
(Emtriva®
Tenofovir(TDF) 2010 >12yrs+BW>35 kg. Tablet,
(Viread® 0 qive {Gral powder)

’ o




Approvec Age/bB 0 allo
AU C C C .
NNRTIs
Efavirenz(EFV) 1998 3-18yrs tablet/capsule
(Sustiva®
Nevirapine(NVP) 1998 0-18yrs oral suspensiotablet
(Viramuneg)
Etraviring ETR) tablet
(Intelence®)
Rilpiviring(RPV) .| Exp.1218yrs tablet
(Edurant®)
Fusion/Entrylnh.
Enfuvirtide(ENF) 2003 | Exp.616Yyrs lyophilizedpowder
(Fuzeon® for SAnjection
Maraviroc(MRC) tablet
(Celsentri)
Integraselnhibitor
Raltegravir(RAL) 2011 | Exp.218yrs chewabletablet, film-
(Isentres®) +BWP 10 kg. coated tablet
Elvitegravi(EVG ? ? tablet
(Stribild®)




Ped
Approved Age/BW TH Formulations DI
Year

GenericName
(Trade Name)

_____Ps___

Nelfinavir(NFV) 1997 2-18yrs powder for oral
(Viracept® suspensiontablet
Indinavir(IDV) - 16-18 yrs Capsule
(Crixivan

Ritonavi(RTV) 1997 | 1mc¢l18yrs oral solution/capsule
(Norvir®)

Lopinavirfitonavir 2000 |2wks-18 yrs Liquidtablet,Solfgelatin
(LPVI/r)(Kaletra® Capsule
AtazanavifATV) 2003 6-18yrs Capsule

oy I_

H1MH (1[S NI ensoranles
w/ booted RTV

Darunavi(DRV) HOMH Y tablet NA
(Prezista® w/ booted RTV

Expe

USFDAR012
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When to start antiretroviral therapy: Comparison of Thai, US DHHS, Pediatric European Network (PENTA),

and World Health Organization ()

Age group 2010 THAI " 2009 PENTA? 2010 WHO?*
<1 year Clinical Age < 2 years
Immunological | Treat all Treat all Treat all Treat all
Virological
5 Age 2-5years
1-<Syears | Clinical Treat CDC Treat CDC Treat CDC Treat WHO
stage B or C stage Bor C stage B or C stage Ill, IV
Immunological | %CD4 < 25 %CD4 < 25 Age 1-3years %CD4 < 25 or
] %CD4< 25 or CD4 <750
1-<3 yrs: CD4 <1000 cells/mm?
CD4<1000 cell/mm3 Sl
. J-<5years
3-<5 yrs: %CD4 < 20 or
CD4<750 cell/mm3  @BEESNl
cells/mm?
Virological HIV RNA
(consider) >100000 copies/mL | >100000 copies/mL
>5years Clinical Treat CDC CD4 356600 Treat CDC Treat WHO
stageB or C cells/mm3 stageB or C stage Ill, IV
Immunological | CD4 < 350 (consider) CD4 =< 350 CD4 < 350
cells/mm? cells/mm?® cells/mm?®
Virological HIV RNA HIV RNA
(consider) ) | 100000 copies/mL | =>100000 copies/mL

'"Thailand National Antiretroviral Treatment Guideline 2010; 2www.aidsinfo.nih.gov; *HIV Medicine 2009; *www.who.int;
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0 — 0
b adime DIVVF
DDI DDI
AZT+3TC+AZT + 3TC +A21 + 3TC
Preferred LPV/r NVP EFV
AZT + 3TC
DI oDl NVP
. d4aT* + 3TC e4T* + 3TC H4T* + 3TC
Alternative LPV//r NVP | DDl EFV
d4T* + 3TC
NVP
s fSR%mU G112 ga @ OA/R @
201212g@ TDF + FTC
+BW? 35 kg TDF3C +E
Tanner Stage 4 N




DHHS 2012

Preferred Regimens
Children aged =14 days to <3 years® T NATIs pilos LPSYT
Children aged =3 years T NATIs pilms ER™
Twre MATIs pes LPWT
Children aged =& years Twz: NATIs pi'os ATV pios kewr-dos= RTV
Two NATIs plos B
T NATIs pilos LPSYT
Altamative Regimens
Children of amy ags T NATIs gl s K-
Children aged =3 years Twre NATIs pies DRV il os bow-dosa RTV
Children aged =5 momthe? Twre NATIs pies FPV pilos low-doss RTY

Regimens for Use in Special Circumstances

Two NRTls pirs ATV unboostsd (for treatment-naive adobsscants aged =13 yasrs and weight =39 kg
Two NRTIz pirs FPWY unboosted [chikdran aged =2 yaars)

Two NRTls mirs NPV (childran aged =7 years)

fidovnding pios ITC pios ABC

Z-HRTI Backbone Options for Usa in Combination with Additional Drugs [in alphabetical order)

Prefemad AEC s (3TC or FTC) {chikdren aged =3 months)
TOF gl [3TC or FIC) (adolescents, Tannar Stage 4 or 5)
0% pilos (3TC or FTC)

Alernzive ddl pirs (ITC or FTC)
TOF plos [3TC ar FTC) (adolescents, Tannar Stage 3)
0N pims ARG
IO pilms ddl

L== in Special Circumstances ddT piws (ITC o FTC]

TOF gl [3TC o FTC) (prapubaral children aged =2 years
and adolescants, Tanner Siags 1 or 2)

Not Recommended for Initial Therapy
ETR-containing regimans

EFV-containing reqimans for children aged <3 years
TA-containing regimers

S%-contaiming regimens

Guasines for e Lss ol A s o Agery' s in Paais e infeciion =-15
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Children are ALIttl e Adul tso
Pediatric medication use process is

owing to multiple step required in
Calculating

Preparing
Administering doses



WHO 2010

Guidelines for the Use of Antiretroviral Agents
in Pediatric HIV Infection

Office of AIDS Research Advisory Council (OARAC)

- / Developed by the HHS Panel on Antiretroviral Therapy and
: @ Medical Manageme di Work

DHHX012

How to Cite the Pediatric Guidek

EST

Downloaded from htip://aidsinfo nih sov/swidelines on 1/19/2013 EST




NRTIS

Height (cm) x Weight (kg)

Mosteller BSA (m*) = :
3600

chwartz CreatinineClearance (mL/min /1.73m*) = cx Heignt(cm)

Serum Creatinine (mg | dL)

where k =
ndnp F2NI LI GASYda ISR n Y2YyOKa
0.45 for patients aged 1 to < 2 years

0.55 for boys aged 2 to < 13 years and girls aged 2 to 16 years, and
0.7 for boys aged 13 to 16 years.



Formulation:

Capsule 100,250 mg,300 mg/Tablet 300
mg/Syrup 10 mg/ml, Combinations tab

(GPOvirz250,Zilavir(AZT 300+3TC 150))
Dose:
Preterm neonatg GA< 3Qvks)
-PNAO- <4 wks :2mg/kg/dose g 12 hr
-PNA4 wks and older : 2mg/kg/dose q 8 hr
Preterm neonatg GAX30 - < 35 wks)
-PNA O <2 wks . 2 mg/kg/dose q 12 hr
- PNA 2 wks and older, : 2 mg/kg/dose q 8 hr
¢CSNY YyS2y3dbHbwks) oD!
-PNA 0 < 6 wks : 4 mg/kg/dose g 12 hr

Food effect No , but food may decrease Gl S/E

ZDV Oral Dosing

=30 week=s

= G O— 3
wesks

Z mg'kg of body
weight svery 12
hours during first 4
weeks of life;
increased to 3 Mg
gwery 12 hours afier
age 4 weeks

Z moakg of body
wreight every 12
houwurs duringg first 14
days of life:
increasedd to 3 mygpog
every 12 hours aged
=15 days

=35 weeks

4 mg'kg of body
weight every 12
hours

JAntimicrobChemotherDec200454(6):11521154




Zidovudine AZT,ZDV

Infant and Children

Dose by BSA
AAge X6 wks- 18yrs:180¢ 240mg/m? /dose 12 hr
A If CNSfx.:givehigh dose240-300mg/m2/dose 12 hr

Dose by BW

A4 -<9kg : 12 mg/kg/dose q12 hr

A9-<30kg :9mg/kg/dose gl2hr

Ax 30kg :300mg gl12hr
Max:300mg/dose




Pediat@ionsideration :

A Palatability: Bitter taste
A Capsule/Tab may crus
food, discard after 24

A Neonate: adjust dose

, Syrup may improved
n and mixed with juice or

Nrs
BA/PNA+++

A give dose q 12 hr, fixec
A Contraindicated when severe anentif(<8 g/iL)

time due to short t1/2




Stavudine,d4

Formulation:
Capsule: 15,20,30 mg Oral solution:1mg/ml, 5mg/ml
Combination tab: Lastavir(d4T 30mg+3TC 150 mg), GPOVirS

Dose:
Neonate
- PNAD- 13day :0.5mg/kg/dose g 12 h
- PNAP14 day : 1mg/kg/dose q 12 hr
Infant-Toddler
- 1-5 yrs(BW< 30 kg) : 1 mg/kg/dose q 12 hr
Children
-BW > 30 kg :30mg q 12 hr

Food effect No




Pediattionsideratdin : d

A Neonate/children: adjust dose IBNA and BW

A Good palatability than AZT

A Substituted to AZT in severe anenth<8 g/dL)

A Dose in obese child based on LBW

A Capsule, Tabldbrmulationcan be used as an alternative to the
oral solution

Alipoatrophy was found to be&37% with a strong correlation with

duration on dIT therapy. Improvements iimpodystrophywere
observed among Thai children aftenbstitution of 4T with AZT

AntimicAaen@Ghemothddt 0408757 &6 3

AbsivRicé 2E1IBh d(S1@emferencl athbienséseatment and PrE@ug011
Abstract #€38h IAS Conference on HIV Pathogenesis Tred@e@htia0tllPreve




JI0anosSine,dC

Formulation:Chewableuffered tab25,125200mg
EC capsul@50, 400mg o s

Dose by BSA:
Neonate

-PNA2 - 4wks  :50mg/m?/dose gl12hr

Infant/Children

-1-<3m : 50mg/m?/dose q12hr
-3¢8m : 100mg/m?/dose q12hr

->8m : 120mg/m?/dose q12 hr
Dose by BW
-BW20- <25kg :200mg/day
-BW25-<60kg :250mg/day
- BW *60kg :200mg gl12hr or400mg OD

Note: children3 yrs and

older may qgive once daily at do

240mg/m?/day with antacid

Food effect food may d

ecrease absorption

ANRS 12103 phasBulltvi&drid Health Organ. Jun 1-2%8



Pediat@ionsideratdh :

ANeonate/children: adjust dose BSA
A buffered tablet: Al+++,Ca++ ,antaeidinteract

w/ Ketoconazole,ltraconazole,Quinoloné&ds

A Childrenmay give dose not regard to meal

A At least two tabletsat any one time for adequate
buffering

Pediatrics. 2007;12423.e4




ee |« Lamivudsh€,

Formulation: tab:150,300mg / Oral solution10mg/ml

Combination:Zilavir,Lastavir, GPOvir

Dose :
Neonate
- PNAD - 4wks :2mg/kg/dose gq12 hr

Infant/Children
-BW<50kg : 4 mg/kg/dose 12 hr,max150mg/dose

-. 2 5fkkg :150mg twice a day
Weight band Dosing Woltht |  purdose | P dase

(kg)

14—21 ¥: tablet 15 tablet
(753 mg] (73 mg)

=2 1—=30 ¥ tablet 1 tablet
(73 mg} {150 mg]

=300 1 tabdet 1 tablet
{150 meg) {150 mg]

Note: children3 yrs. and older may qgive once daily dose

base on PK data supported@{10 MKD)
Food effect: No

PENTA 13, PENTA 1ANtIVINer2010:15(8)}11112 4



3TC N TWICE ONCE
AUC, ,,. (h*mg/L) GM

PENTA 15 (95% CI) |17 | 9.48(7.89,11.40)| 8.66 (7.46,10.06)
PENTA 132 (90% CI) |19 | 8.88(7.67,10.28)| 9.80 (8.64,11.12)
EPV1001* (95% CI) |60/ 9.21 (8.81,9.63)| 8.70 (8.28,9.14)
C. .. (mg/L) GM

PENTA 15 (95% CI) |16/ 1.05 (0.88,1.26)| 1.87 (1.65,2.13)
PENTA 132 (90% CI) |19 1.11 (0.96,1.29)| 2.09 (1.80,2.42)
EPV10014 (95% CI) 60| 1.19 (1.12,1.26)| 1.97 (1.84,2.11)

Paediatric studies; PENTA 15 and 13, had target total daily dose of 16mg/kg for ABC and 8mg/kg for 3TC.
Adult study; CAL102120, had target total daily dose of 8mag/kg.

Adult study; EPV1001, had target total daily dose of 4mg/ka.

!

FigurelB: Median 3TC
plasma concentrations

15

==== twice daily

once daily

PENTA

1

PENTALS

P

Y]
n

1 Plasma concentration (mg/L)

!

time (hours)




Steady-State Pharmacokinetics of Once- or Twice-Daily Lamivudine
Study/(reference) PENTA 15% PENTA 132

Europe Europe
17 14
2 5
Sex (% male) 56% 43%
78% Not Reported
11 19
Concurrent Pl use 8 1
Dosing interval (hours) 24
Administered dose (mg/kg)
AUCp.94 (mg*hr/L)
Cmax (ML)
Cryjin (Mo/L)
CI/F/kg (L/hr/kg)

DHHS 2012




Pediat@ionsidera8ba :

A Dose adjusted by age and BW
A Once dailydosing may considered in clinically
stablepatients withundetectable VL and stable

CHt cell count




Emtricitae,FTC

Formulation: Capsule200mg / Oral solution10mg/ml

Combinations:Truvada, Atripla
Dose :
Neonate/Infant:
Oral solution- PNAO-3m :3mg/kg once daily
Infant/Children:
Oral solution-x3 m¢ 17yrs :6 mg/kg (max240mg/day)

Capsule -BW >33kg 200mg once dalily

Food effect: NoO




Pediat@ionsideration :

A Dose adjusted by age and BW
A Oral solution and Capsule not equivalent dosing

Pediatric DHHS 201



‘oe @& |enofovir, TDF

Formulation: Tab: 300 mg(150, 200, 250 tab;40 mg/1g oral powc
Combinations:Truvada, Atripla

Dose :

Children:approved for Experienced children
2-8 yrs . 8 mg/kg once daily
>8 < 12yrs :210 mg/n? once daily(175800 ma/n¥)

Tablets dosing table (aged =2 years and weight

Weight Band Dosing =17 kg)

Body Weight
Kilogram (kg)

17—22 150 mg
2228 200 mg
28—<35 250 mg

=35 300 mg

Tablets Once Daily

Adolescent - ]
X MH eNAhA b bHopd5:30 ngdhcg daity NJ a G
Food effect. No




Pediat@ionsideraii@i-:

A Dose adjusted bBSA,ageBW, Tanner stage
A Caution use wtldl (dose modificatior
ATV (always booted) o

A Concern in renal and bone toxicity (|

Viread Tablet

(TDHNduced changes in renal tubular tunction,

monitoring forproteinuriaandglycosurieevery6¢l1?2
months)

A Bitter taste (masked w/applesauce, yogurt),not
allowed to sit too long




AbacavikBC

Formulation: Tab300mg
Combinations:Epzicom, Trizivir

Dose :
Children:3m-16yrs :8 mg/kg/dose gl2 hr

(max300mg/dose)
If Clinical stable 16 mg/kg OD (max600mg OD)

Adolescentxk16yrs :300mg BID 0600mg OD
Food effect: No




Pediat@ionsideration :

A Dose adjusted by BW
A Dose adjusted in Hepatiosuff
A Test patients for the HI-B*5701 allele

A Limit to access due to High Cost !!
A May switch to Once daily dosing in child w/ stab
CD4 andindetecableVL

Pediatric DHHS 201



NNRTIS



Nevirapine,NVP
Formulation: Tab200mg, Suspt0 mg/ml
Combinations:GPOviIrS,GPOvirZ
Dose : should be Leaith in first 14 day
Neonate

t b! 14dqy:4 mg/kg q24 hr

PNA =14 day:4 mg/kg/dose gl2 hr
Infant/Children: Higher dose in young children

<8yrs:200mg/m?/dose g12 hr(max200Mkdose)
x8yrs:120-150mg/ mg/n¥/dose q12 hr
(max200mg/dose)

Adolescent200mg BID
Food effect: No




Weight Band Dosing

Nevirapine: Recommended maintenance dosing based on weight bands
Recommended maintenance dose based on weight-bands for children >6 weeks using liquid and adult fablets Target dosing
- Weight range (kg) | 160—200 mg/m? to max 200 mg
Weight range Target dose Dose

(kg 160 - 200 mg/m® to max 200 mg (i or tablets) per dose twice daily
twice daily Bottom | Top Formulation a.m. p.m.

Dose
(ml or tablets)

Formulation 1 p.m. 5.9 ) mg/ml syrup & ml & ml

mg/ml liquid 5 ml 6.9 ) mg/ml syrup 7 mi 7 mi

mgy/ml liquid Sml 7.9 ) mg/ml syrup & ml & ml

mg/ml liquid ol 8.9 ) mg/ml syrup 9 ml 9 ml

mg/mi liquid sml 0o ) mg/ml syrup 9 mi 9 mi

I'I'H_]fl'l"l' ||[|IJI{| aml 200 mg tablets 0.5 0.5

PRTIY o 10 mg/ml syrup 10 10m

nildreme: s | s

mg/ml syrup 10 10m

200 mq tablets 5 0.5

mg/mi liquid 0ml
mg/ml liquid 10ml

or

o 10 mg/ml syrup 11 ml
mg/ml liquid 10ml

) mg tablets 5 0.5
mq tablet 1

mg tablets 1 0.5

my tablet 1
) mg tablets 1 0.5

mq fablet
. ) mg tablets

mq fablet
’ ) mg tablets

mq fablet

WHO 2010 T WHO2006




Pediat@ionsiderabh/P,

A Dose adjusted by age ,BW,BSA

A child 28 yrs has more Chigpx 2x thus give high dose)
A BSA dosing for Infant and young childrém avoid under
dosing ofnevirapinebecause a single point mutation in the

HIV genome may confer NNRTIs resistance to both NVF
Athree-fold increased risk of rash arigepatotoxicity with a
CD4 >15%

A Multiple druginteraction,PotentCYP 3A4 inducer

A Half dose leadin for 2 wks**

Pediatric DHHS 2012



CHAPAS Trial

ARandomize®11 children to initiate ART with either half
dose or fuldosenevirapine

A UOAOLleamEEaaaAo Eeaxyagcéi E:
AR 858 BES/BASURE ek ead in
WWWTWWWWTUUt
most subjects were able to continue therapy after a brief
Interruption

ACDt and VL were no different througd6 weeks.

Clininfect Dis. Nov 1 2010;51(9):108089.



Efavirenz,EFV

Formulation: Capsule: 50,200 mg /Tab:50,200,600 mg

Combination:Atripla
Dose :

Children age > 3 ydose by BW range a867 mg/m¢++++

Weight (kg) EFV Dose (mg)*!
10 to <15 200
15 to <20 250
20 to <25 300

25 to <32.5 350

32.5 t0 <40 400 e
( ]

=40 600

Higher dose in young children

Food effect: take on empty stomach pe—
w

++++esp. in upper of each weight band because of concermimolerdosing




PediationsiderakdiV:

ANot approve in children less th&yrs.(due to low leve)

AEFV should be used with caution in adoleseenten of childbearing
age because of the risk dératogenicity

A Preferred NNRTI backbone duerntmre efficacyin children

A Rashis commonly seen in childredq%vs27 % in adult)

A use ofhigher doses in young childrerespecially in select clinical
situations such agirologicrebound or lack of response in an
adherent patient

Pediatric DHH3012




Etravirine ETR
E(c))rsne]ulatlon Tab100,200mg 25mg ﬂ

Children2 mo. - 6 yrs :underway
Children6 - 18yrs(exper|enced) 5. 2mg/kg/dose gl2 hr**

0. 2 16kQ)

Weight in kilograms Dose
(ko)

16 kg to <20 kg 100 mg twice daily
20 kg to <25 kg 125 mg twice daily
25 kg to <30 kg 150 mg twice daily

=30 kg 200 mq twice daily

Adult(experienced)200mg BID

Food effect: take with meal Area under the curve (AUC) of E

IS decreased by abo®0% when the drug is taken on an empt
stomach

** the PIANO Study



Pediat@ionsideraidir:

A Use in case of experienced children
Multiple drug interaction esp. P(should not be
used with TPVY/FPYr,ATV/r, unboostedPlIs

A Rash more common and more frequent

In first 6 wks
-> grade2 x15% Include SJS,TEN,HSR
-> mostly MildModerate type:self limit and resolve
In 1 wk on continued therapy




Pediat@ionsideraidir:

DUET SCORE: 1) Sce2 0 =74 % response

2) Score 2.8.5 =52 % response
3) Score >4 =38 % response

Infections in Medicine. V&6 No.4 April 13, 2009



