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KHOBCHOK WORATANARAT: TENOFOVIR DISOPROXIL FUMARATE-ASSOCIATED

NEPHROTOXICITY IN PATIENTS WITH AIDS AT KING CHULALONGKORN MEMORIAL

HOSPITAL. ADVISOR : ASSOC. PROF. DR. CHUSANA SUANKRATAY, 85 pp.

No prospect ive study evaluating all renal function s in pat ients receiving tenofovir disoproxil

fumarate (TDF) has been done . Our study aimed to compare the incidence of all renal dysfunctions in

patients receiving TDF for six months at King Chulalong korn Memorial Hospital.

Method s: A prospect ive study evaluating renal funct ions inc luding creatinine clearance (CrCI)

and all tubula r funct ions was conducted in HIV-infected pat ients receiving TDF-containing HAART

regimen from July 2008 to February 2009.

Results: Of 39 patients, there was 23:16 in the male to female ratio with med ian age of 42 and

37 years old . Coadministration with non-nucleoside reverse transcr iptase inhibitor or protease inhibitor

was noted in 36 (92.30%) and 3 (7.70%), respectively. Median baselin e CD4 ce ll count in the

participants was 359 ce lls/mm3 and there were more HAART experienced in the study populat ions.

There were no differences in the change of the CrCI collected from 24-hours urine samples between the

2 groups over the follow up period of 6 months (p = 0.821). There were also no differences in the change

of CrCI calculated with Cockroft-Gault formula or MDRD equation (p = 0.497 and 0.262, respectively).

Neither proximal tubulopath y nor distal tubulopathy were observed during the follow up. No patient

discontinu ed TDF during the study period .

Conclusion: This is the first prospective study comparing all renal functions in HIV-infected

patients receiving TDF. No differences in the incidence of renal failure and renal tubular dysfunct ion

between the baseline and six months of follow up period. Futher study with more sample size, with

control group and long term follow up is needed .
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AIDS = acqu ired immunodeficiency syndrome

HIV = human immunodeficiency virus

HAART = high ly act ive antiretroviral therapy

TDF = tenofovir disop roxil fumarate

3TC = lamivudine

EFV = efav irenz

NVP = nevirapine

LPV/r = lop inavir boosted with ritonav ir

Pis = protease inhibitors

NNRTls = non-nucleosides reverse transcr iptase inhibitors

NRTls = nucleosides reverse transcriptase inhibitors
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1.1 Fl'J13JLtJ'U3J1LL~:::Fl'J13J~1~'l!"lI'el':l'Ij'l!"n (Background and Rationale)

mJ'1~tJ1~Twbf~L'el"1l1'el~~ihJJ':;~Vlfifl1'Vi~..:l (highly active antiretroviral therapy,

HAART) Lc;)tJmJ'HtJ1~~1tJ1n~~~;J'el~ 'el1Yi nucleoside reverse transcriptase inhibitors

(NRTls), non-nucleoside reverse transcriptase inhibitors (NNRTls) , protease inhibitors

"(Pis) 1'J~ n'W C1n\h~1H dj'W~1 (;lJ'~1'Wl'WmJ'fm~1 ~lhtJ ~ c;) L~'el L'el"1l1'el~Lc;)tJ;J LL'W'JVl1..:l rns1~m~1'W
'lJ dB 'lJ

1'Jf~L'el"1l1'el~'elth..:liC;)L'"l'W Lc;)tJ;JfOlC;)~..:l~~1tJl'WmJ'fn~1~~1~ru~'el mJ'Fl'JtJFl~1'Jf~1~'eltil'W
"l q ... q \J

m~1OJ~ ~1~~ c;) (virological control) LtI'WJ':;tJ:;L'J~1'W1'W~~c;) L~'el"1l:;~'el mJ'~1 L'l'WLJ'Fl'1l'el..:l L'el c;)~

LL~:;~ c;) Fl'J1~ L~tJ..:l [;]'elmnn c;)LJ'Fl~ c;) L:B'el'U'JtJL'elms

LL'W'JVl1..:lmJ'fn~11 'W1TfOl'"l1J'WYi'"l1J'OJ1 L~'el n l-ii~ (;lJ'tJ1~1'W1'Jf~~;Jlh:;~Vlfifl 1'Vi~..:l~ Lnc;)
' 'lJ 'lJ

nfi~ NRTls ~mJ'\j1~11-iil'WmJ'fn~1(;]'JLLm U1LLn tenofovir disoproxil fumarate (TDF) 1'J~ntJ,

emtricitabine (FTC) ~1'el zidovudine (AlT) 1'J~ntJ lamivudine (3TC) ~1'el abacavir (ABC)

1'J~ntJ 3TC (1)

TDF LtI'WtJ1 ~1'W1'Jf~ L'el"1l1'el~~..:l;J~~~1..:l L~tJ..:l~~1 ~'1! [;]'el1(;l ~'elfOl:;;J~~ [;]'elmJ'l'11..:l1'W'lJ'el..:l

Yi'El~~'El c;)1(;l~'J'W~'W (proximal tubules) ~i..:lfOl1n~;JmJ'\j1tJ1~1Hfn~1LJ'Fl L'ElC;)~'Elti1..:l LL'Vi1~~1tJ

ri;JntJ..:l1'W'1I'el..:lfl1'J:;mJ'l'11..:l1'W'1I'el..:l1(;l~~ C;)1.1n~~'J'W~'W1 U1LLn Ln~ L~'ElXi~, Yi'el~~'elC;)1(;l~'J'W1.1~1tJ

L~~('W~'eltJ1 LC;)tJJ'1tJ..:l1'UfOl1 n [;]1..:l1.1J':;LVl Pl'VitJ;J Fl'J1~ ~ c;)1.1 n ~'1I'el..:l1(;l Lc;)tJ ~lhtJ di C;)fl1'J:;1m1tJ

"
L~tJtJ'Vii'U , Fancon i's syndrome LL~:; nephrogen ic diabetes insipidus (DI) 'U'elnfOl1nih1n

~~1 tJm J'~ n~1tJ..:l 'Vi tJ rJ1~lh tJ~1~ftJ TDF ;JmJ'~C;)~..:l'1l'El..:l creatinine clearance 'elti1..:l;J
'lJ

, " ,
1'WLN'VitJ1U1~"~1~..:lmru~~ilmJ'\j1 TDF ~11-ii(;]..:lLL[;]L~'el'U~nnFl~ 'Vi .Pl. 2550 V1 ~1'U

~1 ~';jr.rtJ1~l'11mJ'~n~1li'El'U~i..:lLL~:;~c;)(;l1~'eltJ1imJ'rumnnC;)~~~1..:lL~tJ..:lVl1..:l1(;l'"l1nmJ'1-iim

" , "
TDF Lc;)m'JtJJ''J~~lhtJ~C;)L~'elL'el"1lh~'Jl1'J1VltJV11~ftJtJ1 TDF (;]..:lLL[;]L~'El'W~m1Fl~ 'Vi.Pl. 2550 ~..:l

'lJ

"
L~'el'W~..:l~1Fl~ 'Vi.Pl . 2550 (2) Lc;)tJil~'elU..:l~[;]1..:l1n'W~1'W'J'W 280 ntJ L~1~c;)(;l1~LtI'WJ':;tJ:;L'J~1

L'U~tJ 74 rJ'W 'VitJrJ1~lhtJ~'eltJ~:; 0.04 ilmJ'~C;)~..:l'1l'El..:l creatinine clearance ~1nnrJ1~'EltJ~:; 50
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LLf'l:;~lhu~'aU f'l:; 10.20 il creatinine clearance f'l"'f'l-:l~'aUf'l:; 25 ~-:l 50 LLf'l:;~'aUf'l:; 34.69 il

creatinine cle arance f'l"'f'l-:l~'aUf'l:; 1 ~-:l 25 (;l1)J~Ir;)U ~-:lt"'U~'J)JLL~'J'ViU~I'aillin1~run1nn",,

~f'l ~ I 'l L~U -:lVll -:l1(;l9 1 n n1~Hm TDF l ,jLL(;ln (;] 1 -:l 91nn1 ~~m~I"l1 'a -:l (;]1-:l th:;LVl Pl'J'n LL(;]~:;U :;L'Jf'lI~

~tJ'Jul~fum TDF "lI 'a-:ln1~~nh'll'wt~'l'VimUlf'l9~1~\Jn~I)Jln ~'ll,jiln1~~nh'1"llU",ltJ~I-:l~ul
~ ,

1.2 fi1tl1)J'lJ'fl.:J.:J1'U~~t1 (Research Questions)

fi1tl1)J'VI';n'lJ'fl.:J.:J1'U~~t1(Primary Research Questions)

1. 'au1in1~ru"ll'a-:ln1~f'l"'f'l'l"ll'a-:ln1m~'a-:l"ll'a-:ll(;l (creatinine clearance ) ~'aUf'l:; 25 ~,

~m~mJ LihJL'r'hL'" '\.Ii'll~ TDF LmuuLVluunuri'a'Wl~mL'W~1J'Jm'a"'~~L~ru~
~ ~ ~

l~fu n1~fnh'l ~'Jum TDF

fi1tl1)J'5''fl.:J'lJ'fl.:J.:J1'U~~t1 (Secondary Research Questions)

1. Fl'Jl)J Cj enln~"lI'a-:l'\.lUl~ n1n11-:l1'W'jJ'a-:lvl'a~f'l'a '"l(;l~'J'W~'WLLf'l:;~'J'WtJf'lIUL'Wn1~iu
o " 0

~lm~"'LLf'l:;Ln~'aLLi(;]I-:l1~-:l Ln"'91nn1~1~fum TDF Ln",;'W)JlnU'amYiU-:lL'" dj'a

LmUULVluu~~m~'a'W~i'ln1~fnh'l ~'Jum TDF

1.3 -rj;)qtJ'5'~~.:Jfl'lJ'fl.:Jn1'5'~~t1 (Objectives)

L~'aL~Vl ~IU ~-:l'elu1i n1~ru"ll'a-:l n1~Ln '" ~f'l~I'l L~m [;]'a'\.lUl~ n1~Vi l'lI'W"lI'a-:ll(;l~'l Ln "'91 nmr

Hm TDF L'W~1J'Jm'a", ~~l~fum TD F L'Wt~-:l'VimUlf'l9 ~1f'l-:lmru LmUULVluu n'W~~m~'a'W~i-:l
~ ,

n1~fn h'l LLf'l:;~nh'l ~-:liJ9r.rU~miVlfi'Vif'l(;]'a n1~Ln '" t:Jf'liil-:lL~U-:l [;]'a'\.lUl~ n1~Vil'lI 'W'jJ'a'll(;l~'l Ln '"

91nn1~Hm TDF 9:;-rl'JUL~LL'ViVlUilFl'Jl)J(;l~:;~'J'n~-:l~f'l~I'lL~U'l(;]'al(;l91nn1~Hm TDF LLf'l:;

~ 1)Jl ~(l~1 Fl'Jl)J~~l~ltJtJ ~:;U n (;l1-nL'Wn1~'" us LLf'l:;(;l~'J9~'" m)J~Ul~n1~Vil'lI'W"lI'a'll(;lL'W~1J'JU
ILl " 'U 'U
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1.4 nssu LL~~"lJ'eltJL"lJ Ul"lJ'el·m1'i1..rtl (Conceptual Framework)

•
•

•
•

CD4+ T lymp hoc yte count

HIV-RNA

Rena l toxicity "10 TDF

• ~U31Un11Yh-31U~'fl-3LlJ1L~).J

• rt':l1 ).JL~UtJ'J uLf'flf-3~U1 L'llU LU1'vl'J1U

~u'1lm~u"nnL'J f~u'vl1'fl~

• Body mass index (BMI)

~

I

• ~U1~~'fl-3m

• 1::U ::L'J ~1~'fl-3n11fm~n

• n11Ulfum~U1 ~i1~~ [;)'fln11 uptake

LL~:: secrete TDF 'fl'flnY11-3LlJ1 L'llU m~

... J ...
1.5 "lI'elUln~~LtJ'el~Ul'l.l (Assumption)

• Anti-retrovirals

• m~U1 L'llU m~1-nfm~1LL~ ::tJ 'fl -3 riu

opportunistic infection ~'fl1"l'ri11':hii ~

A'J1).Jc:i~un~1un1 1'ri1-31U~'fl-3L[;1

EJ1~U '1Y1ij~~6i'iln1'3Yh.:l1U'1I'il.:l't;l'~LLn

• mVli1~~ vi 'fl glomerular LL~:: tubu lar

function
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'" 0 ll.I lQ, ..., ••

1.6 '1I'el~1nUl"ll'el·m1':i'1·UI (Limitations of the Study)

LtJ'l.!m~~n1=t11'l.!~ mU'l.!L~tJ'.J ~'1m"'liJ'I1 tlJvn1'l.!m~U11:J~ m~~r.rtJhhJ~:;t!n(;]1-ii

n1J1J~:;"1l1 m~i'J l1J LL~:;m"'l ~'el'lm~m~~n~11'J~ n'l.!n1J~ mU'l.!~'l.!1 ~'JtJ

1.7 fi1r.i1nUlFl113-lm-n1.ln1':i'14"t1 (Operational Definitions)

Baseline renal functions: iJm~(;]~'J"'ltJl?IVI'b~mn11'11'l.!'Y.I'el'l 1(;] mVi ~:;r;l1J'Y.I'el'lrl1L'el~il'l.!

l'l.!~f~'Y.I'el'l~thtJ. m~(;]~'J"'l'l1~~1'J:; m~(;]~'J"'ltJl?I~:;r;l1JLn~'elLLhill?ll'i1'11 (;]~'ell?l"'l'l.!m~(;]~'J"'ll'l?Im~

n~'el'l'Y.I'el'l1(;]Ll?ItJm~~1'l.!'Jrurh creatinine clearance "'l1n~(;]~'Y.I'el'l Cockcroft-Gault LL~:;
'lJ

modificat ion of diet in renal disease (MDRD) r;l'l~1J~ 1.1 (3) m~(;]~'J"'l'l1~~1'J:; 24 i'J L~'1L~'el
'lJ

tJl?Im~ihr.rl?l~1~rl1L'el~il'l.!'el'eln'Vn'l1(;] (24-hour creatinine clearance) LL~:;m~1J~:;Lij'l.!V1'b~m~

Yi1'11'l.!'Y.I'el'lvi'elVl~'ell?ll(;]~'J'l.!~'l.!Ll?ItJl'l?IUhJ1ru~1nn~'el LL1"1lill?ll'i1'11~1(;]'lI1J'el'el n~1 (Fractional

excretion, FE) (4) LL~:;"'l:;l?Ill?l~'J'l.!m~'lI1J~1~yj'el~Lyj(;]"'l1n'l1~~1'J:; (Fractional excret ion of
'lJ

phosp hate, FEP04) ll?l~'J'l.!m~'lI1J~1~L1J[;j'~L~tJ~"'l1n'l1~~1'J:; (Fractional excretion of

potassium. FEK) LL~ :;ll?l ~ 'J 'l.!m~'lI1Jml?l tJ1rl"'l 1 n 'l1~ ~1 'J :; (Fractional excretion of uric acid,
'lJ

FEUric)LL~ :;m~1J ~ :; Lij 'l.!V1 \11~m~Yi 1'1 1'l.!'Y.I'el'l vi'elVl~'ell?ll (;] ~'J'l.!1J~1tJLl?ItJ% short ammonium

chloride loading test for urinary acidification f1 1 tJl'l.!~:; tJ :; L'J ~1 30 tJ'l.! ri'el'l.!~"'l:;~~m TDF
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"
NeRhrotoxicity l.h::;n'tl1J~'Jtlrl'J1~~(1IUn~'tlt11'liJ'tltl1Ll.! 3 "llll(1l ~'l\j

1. iJn1~'Cl(1l~:WJJ'tl 'l GFR 'tlt11'liJ'tltl~'tltl'Cl::;25 L~'tlLllitl1JLYitl1JnW;l1 GFR ri'tll.!L~f1JtI1

n1~fm~t1~'JtltI1 TDF

2. iJrl':l1~ ~(1IU n ~"JJ'tl'l",iJ1~n1~vl1'l1l.!"lJ'tl'lYi'tl",'Cl'tl (1IL[;J~':ll.!~l.! (4 , 5) 'L(1ItlU~::;d~l.!'"l1 n

rl'J1~~(1IUn~"lJ'tl'l FEP04, FEK LL'Cl::; FEUric L~'tlLYitl1Jn1Jri'tll.!L~f1JtI1 TDF 'L(1Itlr11

un~hj rl'Jnnl.!~'tltl'Cl::; 12 ~'tltl'Cl::; 40 LL'Cl::;~'tltl'Cl::; 15 [;J1~~1 ~1J~'l'"l::;ti'l~1iJn1~
" ,

~ry L~m~1~vi''l~'tl'l'tl'tl n'Vl1'lL[;J ",1'tl'tl1"'lm':l"'l'V'l1J rl'J1~ ~mln ~"'l1n n1~[;J~':l'"l L~'tl (1ILYi'tl

u~::;d~l.!r11 Ln~'tl LLhll(1l ~1'l1 [;J'Cl'tl (1I'"ll.!n'l rl'J1~ dJl.!m(1l ~1'l"JJ'tl'l ~thtl 'L(1ItI L'il'V'l1::;'tlt11'l

. "
ri'l r11'r'J'tl~L'r'J [;J LL'Cl ::;'Lu111~ L~t1~Ll.!L~'tl (11 l.!'tln"'l1n\jtJ'lu~::;d:jl.!'"l 1 n n1 ~ [;J ~'J "'l 'V'l 1J ns 'L rl ~

"
Ll.!1f~~1'J::;",1'tl [;In'"l'V'l1J m(1l'tl::;ml.!Ll.!1f~~1'J::;

3. iJrl'J1~ ~ (1IU n ~"lJ'tl'l",ib~ m ~vl1'l1l.!"lJ'tl'lYi'tl"''Cl'tl (1IL[;J~'Jl.!U'Cl1t1 'L(1ItlU~::;L~l.!'"l1 n

3.1 rl'J1~~(1IUn~"lJ'tl'l short ammonium ch loride loadi ng test for ur inary
, "

ac idification 'L(1ItliJ~fin1~'Vl(1l~'tl1JA'tl L~~thtl'tl(1l'tl1"'1~",i'lLYitl'lAl.! '"l1mrl.!L~
" " ,

f1JU~::;'Vl1l.!~1~'Cl::;'Cl1t1m~1ru 0.1 nf~~'tl~1",,rnl11'J,,,{j'ln'L'Clnf~ LL~'J1.h::;L~l.!

r11 rl'J1~ dJl.!m(1l",1'tl ~1'l (p H) Ll.!1f~~1'J::;LL'Cl::;/",1'tlLl.!L~1J (1IYln~'tl'li'JhJ'l dJl.!

L'Jm",ni'J 'L~ 'l ",1nl"11 pH Ll.!1f~~1'J::;~1 n~1 5.5 LL'Cl::;/",1'tlr11L1Jmf1J'tlLl.![;JLl.!

L~'tl (1I~1n~1ri'tll.!f1JU~::;'Vl1l.!~1~'Cl::;'Cl1mL'tl~'L~ L\jtl~ rl'Cl'tlhl'f 5 ~'Cl~'L~'Cl~'tl~ [;J~

:tl.!LU n'tl~1r-J'Cl rnm (;)~'tl1J'tl~Ll.!Lnrusyfun~ Ll.!~iJ'JtI~iJ1fry"'1"lJ'tl'ln1~i1Jn~(;)

'"l::;hj~1~1~Clvl1L~1f~~1'J::;iJr11 pH Ll.!1f~~1'J::;~1n~1 5.5 LL'Cl::;/",1'tll"l1L1J

mf1J'tl Ll.![;JLl.! L~'tl (11 ~1 n~1 ri'tll.!f1JU~::;'Vl1l.!~1~'Cl ::;'Cl1t1 LL'tl~'L~ L\jtl~ rl'Cl'tlhl'f 5

~'Cl~'L~'Cl~'tl~(;]~ (6) LL'Cl::;/",1'tl

3 .2 [;J~'J"'l'V'l1J rl'J1~~ (;)U n ~'"l1 nn1~vl1 water deprivation test L~'tl ~iJ':ltliJ91l.!':ll.!
"

I I 11 I

"'l1n1l1':l::;YiiJn1~1f~~1'J::;L~ ~;l.!'tlt1 1'l ~'tl Ltl'tl'l",i'lL~f1JtI1 ~1l.!L'Jf~ L'tl (;)olLL'Cl::;
, "

U~::;d~l.!"'l1nn1~Yi'V'l1J'tl'tl~'L~LL'Cl~~Ll.!1f~~1'J::; (urine osmolality) iJ'tltln~1 300

"
~'Cl~'tl'tl~'L~'Cl~'tlm'Clnf~ (mOsm/ kg ) LL'Cl::;'V'l1J'tl'tl~'L~'Cl11~Ll.!L~'tl(;)~1nn~ 1 300

~'Cl~'tl'tl~'L~'Cl~'tln'L'Cl n f~ (mOs m/kg ) LL'Cl ::;'L"llL~t1~Ll.!~f~~ 1 nn~1 145 ~'Cl~~rl~

'J1L'Cll.!11~'tl~[;J~ (mEq/l)
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tI 'i' .. .do • '1 "'IV
1.8 ~~ ~t1"1l'U'YIF'11V1'J1~~ ~V1~tJ (Expected Benefit and Application)

1.8.1. ~'UJ1~mU~t1'WbbU~..:lb,)"llU~iJ1iY11..:lrl~'Wn V11n'Y'liJ~~n1~ru"1J'a..:le.J~~1..:lb~t1..:l[;]'a1(;l

91nn1~HtI1 TDF ~..:l bb~:;il1 e.J~~1~1uu~:;n'aiJn1~Yi91n1.I1L'Wn1ne.h~:;rJ..:lbb~:;(;l~,)9 ~V'im~L 'W
'lJ

U~:;dJ'WVlil1~ n1n11..:l1'W"1J'a..:l1(;l~,)'W[;]1..:l1'el'W1~bbrl'el(;In n1m~'a..:l"1J'a..:l1(;l (creatinine clearan ce)

(;l~,)9V11~1 nn~'a bbi"ll'WV'i [;]1'11 b~'au~:;dJ'Wn1 ~~1..:l1'W"1J'a..:lvi'a 1(;l~,)'W~'Wbb~:;vi'a 1(;l~,)'WU~1t1 LV'iti rns

(;l~,)9b~'aV'i tr~~1,):; i..:lbb[;]rl'a'W1~fiJtI1 TDF (Jl1 t1L'W 30 rJ'Wrl'a'W~~tI1 ) ~ 3 b~'a'W bb~ :; 6 b~'a'W

V1i..:l1~fiJtI1 TDF LV'itliin1n~1 ~V'i(;l1~Y11..:lrl~'Wn LV'itln1~i~Jl1'lj'ruU~:;')1ibb~:;(;l~,)9i1..:ln1t1 b~'a

u~:;dJ'Wrl,) 1~ ~ V'iU n~91nrnrL-ntl1~1'W1')f~"1J'a..:l ~thtl~uuun ~thtliJ'a nmmm~~ bb~:;rl~'Wn L~rl
'lJ 'lJ q

"
~V'ib~'aLN'Y'ItI1iJ1~9~1~..:lmru

q

1.10 trt1!'VI1'V11..:1~~t1fi~~~"ll'fl..:ln1~1~!J (Ethical Considerations)
" , ,

m ~';j{t1CdJ'Wn1~~n'lj'1 ~..:lVlil1~m ~~1..:l1'W"1J'a..:l1(;lL'W~thtl~ ~'a..:l1~fiJtI1 TDF (;l1~~'a
'lJ

ti..:l~"~iV'i b9'WLV'itl';jfi b~ 1 i..:ltn (;l b~..:l Vi~n"U'W1 bb~:; ~n'lj'1 ~..:lVlil1~ rn ~~1..:l1'W"1J'a..:l1(;l~,)'W[;]1..:l1LV'itl';jfi~
"

L1J'W~ 1(;l~:<i1'W Lb~:;U~'a V'iJltl [;]'a ~thtl ~'lhh,h bnV'ie.J~ b~t11V'i1 'W'eln91 nCcl''lii b'a n~1~~'el~~ uaeuuu
dJl 'lJ 'lJ

bb~ V'i'l rl,)1~~'WtI'a~~ 1V1fiJ~ b~1i')~LrlN n1~';j{t1L~ ~u,)t1 rl'el'Wb~1h~m ~';j{t1 r;)'lJl1rle.J'W,)n~ 2
'lJ 'lJ



1.11 'i1(;)'U-r'Uj;)'eI'l.11'Un1'1L'lf\J'eI~·,m1'11~t1 (Administration and Time schedule)

7

0 ....
2551 2552n1'1~1L'U'U.:l1'U

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

1.~n~1L[;]1m.,J\l1'W * * * * * * *

" * * * * * * * *2.~,)u~lnJ"1J'tl~'Cl

"" .-" * * *3. ') L~n:;V1"1J'tl~'Cl
'IJ

4. ~t1JLL'Cl :;L~t.I 'W~1t.1 \11'W * *

5 .nt.l\l1'W~ 'Cl *



llTWvi 1.1 LL~~'l ~r;]J'n1J'~ 1kl'Jru~1 creatinine clearance 'i:~t1n1J'1-ii~r;]J' Cockroft-Gault L L~~

MDRD (modification of d iet in renal disease) (7)

Cockcrojt-Gault:

C rC I (m Llm in)

1140 - age (yea rs)1 X we ig ht (kg) IX 0.85 i f fema lel
=

72 X serum crea ti ni ne (mg/d L)

Siniplijiei! lVIDRD:

G FR (m Llm in lI .73m!) = 186 X [se r u m creatini ne (mg/d LW ' · 1 5 ~

X 10.742 if fema le] X 11.212 if black]

8



.d
'l..JVIVI 2

.QfVQ,d " .
L'fln~1~LL~~.:I1'U1~~V1Ln~1'l1'fl.:l (Review of Related Literatures)

2.1 n1~1111Fl'll'fl.:l~~'l..J'l..J;r'l..Jr;hmj~'&'I11~LL~~'VIu1'vin1~vi1.:11'U'lI'fl.:ll(;l~1'Ur;\1.:11 (Anatomy

and functions of the urinary system) (8, 9)

J':;uuiur;hmJ~~1'J:;lh:;n'elu~'JtJ'elrJtJ'J:;[;h'l1L~LLri L(;1 vl'elL(;1 m:;L'Vn :;,j~~l'J :; LL~:;vl'el

U~~l'J:; ~'1nJ~ 2.1 (9)
'IJ

,j~~1'J:;~ :;(1 n~~l '1 'l(;)tJL(;1 LL~ :;9:;(1 niu'el'el n91 nil'l mu L(;1il~'el'l~l'1LU"''elrJtJ'J:;~'elth " i'l
'IJ 'IJ 'IJ

"" I l.t I

2.5 L'll", ~iL'-l(;1J' \hwJ'mh:;'-ll ru 120 ~ '1 170 n f'-l1",m"vmhJn ~ 'l (;)tJ~h~'el~ '-l LvJuf~ LL~ :; L;j'el L~'el
'IJ ... •

L'JJ ~",1J n Fl~ '-lJ''elUL(;1 L~'eliJ 'el'l n",n6"'(;1ntJ [;]1'11 vl'elL(;19 :;VhVlib~~l L~ tJ'I ,j~~1'J:;~~~1'191nL(;1
~ ,

'l(;)tJ rn silu {;]'J LU",r.f'lVl'J:;'l(;)tJn~l '-l L;j'el'JJ'el 'l vl 'el L (;1L1J ~m:; L'Vn:;,j~~1 'J:;~'1 'el~1"'~'1 L=D'I nn", il Fl 'J1 '-l

9 1JJ':;'-llru 300 ~ '1 500 ij ~ ~~(;1J' ,j~ ~1 'J :;9 :;LVI ~'el'el n9 1 nil'lnlmhwYl1 '1vl'elU~ ~ 1'J :;.

,
~ ~ , .. .1 <Ole;' '" ..

reuu b(;)LLn J' :;UUVl ~'el(;)L~'el(;)~'eltJYl bn~L'-l'ell~~ (glomerular capillary bed) LL~:;J':;UUVI~'el(;)L~'el(;)

~'eltJ~'el~J''elU1vl'elVlki'JtJL(;1 (peritubular capillary bed) ~'1 LLtJnn",'l(;)tJVI~'el (;)L~'el (;)LL(;)'1'JJ1'el'eln"lJ"'1 (;)
, ~

c:J .4 lVCll ..... ..... "'=' 11 11

L~ n (efferent arteriole ) 'll'lnlJ'9(;)LJ'tJ'I(;1'J~n'rl':;'" capillary bed 9:;Q,n~'el'-lJ''eluC;)'JtJJ':;UUVI~'el(;)

'" I '" I

L~ 'el (;) LL (;)'1 "''eln91n-W capi llary bed 9 :;illdJ"'~1"''J''''-lln ~'19:;L~'el1JJ' :;'ltJ'll11[;]'el nlm~nL1J~tJ"'~ 1J'

[;]1'11 V1~'el(;)L~'el(;)LL(;)'1 1V1'lJ (aorta) 9:;1~LL"lJ"''1V1~'el(;)L~'el(;)LL(;) '1 renal artery ~'19 :; L~1 ~L(;1~u1 L'Jru

i'JL(;1LL~ :;9:; LL(;1nLL"lJ"''1t.i 'el tJ1 LU "'V1 ~ 'el(;)L~ 'el (;) LL (;)'1 interlobar, arcuate L L~:; interlobular 'l(;) tJVI~'el(;)

L~ 'el (;)LL(;) '1 interlobular arteries 9 :;L~lL1J~L(;1i",,,, 'el nLL~:;V1~lmU"'V1~ 'el (;) L~'el (;) LL (;) '1 "lJ"'1 (;) L~n 'JJ1 L~1
'IJ

(afferent arterioles) ~'1 9:; LL(;1nLL'JJ "''1n~lmU'" glomerular cap illary tufts ~'1l1J~ 2.2 (9) V1~'el(;)

L~ 'el (;) LL(;)'1 'JJ "'l (;) L~ n"lJ1'el'eln (efferent arterioles) 9:;fu L~'el(;)91nVl~'el (;)L~'el(;)LL(;)'1 ~'eltJ'ln~L'-l'elJ'i~
'IJ

~ ,
n1 J'il J':;uu VI ~ 'el (;) L~'el (;)L L (;) '1 'i'l ~ 'el'l c1''1'JJ'el 'l'ln~ L'-l'el J'i~9:;l111 ~ilnl J'Fl 'l {;]'J"lJ'el'l Fl'J1 '-l~"'V1~'el (;) L~ 'el (;)

'IJ

LL(;) '1~'eltJ (intracapi llary pressure) ri'el1~Ln(;)nlnFl~'el"'{;]'J'el'eln"lJ'el'l'JJ'el'lLVI~'J91n capillary lumen

V1~'el(;)L~'el(;)LL(;)'1"lJ"'1(;)L~n"lJ1'el'eln (efferent arterioles) 9:;1~LL"lJ"''1[;]'elLU'" peritubula r capillary
, , ~

bed ~'19:;il Fl'J1'-l ~"'~1l111 ~Ln(;)nlJ'LV1~ L~l"lJ'el'l"lJ'el'l LVI~'J~ capi llary lumen 1"'~'J"'L(;1"Ji",1"'V1~'el c;)

~ , ,
L~'el(;)~'elmVI'Ch-w9:;~tJn~1 vasa recta 9 :;Ln(;)Lu"''J'IYi~ '1"lJ'''1'''L1Jnu loops of Henle 'JJ'el'l
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juxtamedullary nephrons LL~ ::;9 ::;iiu Ylu 'lYl ~ 'l ACljL\Jn1 ~'r1'lL~U'i'l'i'l'l,)::; L~1-J~\J~1'El L9 'El 9'l~ L\J1111
~ ,

I ..... '" .-::II I .diI I .cS 0

'i'l')\J\J'Eln \J\J peritubular capillaries 9::;M'l~~A ~'El 'Il'ltl~~'El(;)L~ 'El(;) 'Elr.J~ 'El U1 nephron "ll~9::;Yl1

~iJ1~~(;)~1-J'i'l'l~l'i'l~19'lnLAN'i'l~'l~'II'El~ nephron L~'El (;)~1~~ cJ'l\J~::;UU~~'El (;) L~'El (;) ~'l9::;ft'El til 11111-J

~::;UU~~'El(;)L~'El(;)L L(;)~~L~ ::;9 ::; niuhJ~~~'El(;)L~'El(;)~ 'l inferior vena cava
'lJ

1-J'VIn1!J11nFlfll1?4(;J~"lI'£I.:I1(;J (Macroscopic Anatomy)
11 tJ I '" '" 11 I

Lll'El1111i.h ::;n'Elu ~i'Jmll'ElL~'El 'i'l'El ~ "ll\J Hi~~rl "ll\J\J'Eln (cortex) LL~ ::;"ll\JL\J (medulla) i~nJYl2 . 3 ~~~ ::;
'lJ

2.4 (9) Lti''El1I11i\J\J'El rnlsenau ~')t1Ln~L1-J'ElXi'i'l (g lomerulus), Yi'El1111~,)\J~\J LL~::;~,)\Ji.J~'lti

(proximal and distal tubules), co rtical collecting tubu les LL~::; peritub ular capillaries . ~ti''El1111

i\JL\Ji.J~::;n'ElU ~')t1 renal py ramids ~~~n(;)9 'ln long loops of Henle. medul lary collecting

tubules LL~ ::; vasa recta L\J~,)\Ji.J~ 'ltl'Il 'El~ pyram id ~~~t1n~'l papilla 9::;'ll'lU'i'l'i'l'l') ::;~ ~cJ'l\J1i.Jcl'~

minor LL~ ::; majo r ca lyces 9'lm.f\JU'i'l'i'l'l,)::; 9::; L~ 'l1i.Jcl'~ renal pe lvis ~~9::;ii i..IhJ1ru 5 ~~ 10

ij~~~ l11 ~rl'El\J9::;1i.Jcl'~Yi 'El 1111 (ureters)

... .. 1
'i'&ln1!J'J1l1F1fl11?4(;J~"lI'£I.:I (;J (Microscopic Anatomy)

m..i'Jtl1111 (neph ron) dJ\J~t.l')t1 n1~'r1 'l~ 'l\J.ff\J~~\J ~ 'l\J'II'El~1111 ii9 'l\J,)\Ji.J~ ::;1-J 'l ru~~~ ft'l\J...
~t.l')t1l'i 'El1111~~~eii 'l~ ~t.l')t11I11ii'i'l'El~"llU(;) LLi.1~ 111'l1-J~ 'l LL~t.l~'II'El~~t.l')t11[;l 1~uri cort ical LL~::;

, ,
'" • I "" .c! ... . 1 ~juxtamedullary nephrons (;)~ ~uYl 2.3 ~~~::; 2.4 'i'l ,) \J 'II 'El~ cortical nephrons "ll ~ 1-Ju ~ ::; 1-J 'l ru~'El tl ~ ::;

'lJ

85 'II'El ~ ~ t.l ') t11 [;li~~ 1-J (;)9 ::; L L i.1~ 'El 'El n dJ \J superficial and midcortical nephrons L(;)t1 superfic ial

cortical nephrons 9::;mn~ L1-J'ElliMl~~~,)\J\J'El n'Il 'El ~ cortex LL~ ::;ii loops of Henle i\J L\J~,)\J

'II'El~ midcortical nePhrons9::;mn~L1-J 'ElX i'i'l 'El~~u1L,) ru midcortex LL~ ::; loops 9::;iiA,)'l 1-J tI1')

l'i'l~1n\J1i.J ~,)\J'II'El~ cort ical nephrons 9 ::;'r1 'l~iJ'l~'II\J~~'i'l'l~'El'Eln (exc retory funct ion) ~~~ ::;
, ,

q ..... I .d ~ q '"

Lntl')nUn1~A')UI11-J(regu latory function) 'i'l')\J juxtam edullary neph rons "ll~1-JLYm~~'Eltl~::; 15
~ ~ ~

'II 'El ~ ~t.l') t11 I11 vr~ ~ 1-J (;),r\JYiU~ 'lLn~ L1-J 'El~i'i'l 'II 'El ~ ~ t.l ,)t1 1 [;l ~ ') \J-n9 ::; 'El ti~n~ ~1i.JLnftnUTheir
'lJ 'lJ

~

pyramids L (;) t1~ t.l,) t1 1[;l -n9::; ii uYl u'l Yl ~'l AryL\Jn1~yhL~U'i'l'i'l'l,)::; Leii 1-Jeii \J~1'El L9'El9 'l~L(;) t1 n1 ~'i'l~1~
~ ~

interstitial fluid osmo tic grad ient ~::;~~'l ~Lll'El1111~,)\J cortex L~~ ::; medulla "ll\JL\J L (;) t1~ ,) \J 'II 'El~
, ~

vasa rect a 9 ::;'r1'l~iJ'lYlA~A')'l1-Jl'i'l ~'El'El'i'lL1-J~A-n~mVJ
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1n~L3J'fl':i'~~ (Glomerulus)... ..
t:J'I!-:l"lJ'a-:lLmm.J'a~i~1h:;ml'U~'JtI~13Ji'W 1~LLri endothelium, basement membrane

" , ,
'i' .,. .... .,., "".1 .,. ~I 0 ..t

LL~:; epithelium ~~t1 endothelium "'l:;L~t1-:ll'l'J'Vl'Vl'a"lJ'a-:l"'~'a~L~'a~~'amL~:;"'l:;3JlLu'W"'l1'W'J'W3J1n"ll-:l

..
"'l:;L~'a[;j'am~m'a-:l"lJ'a-:l~1~[;j1-:l11'W~'J'W"lJ'a-:l glomerular basement membrane (GBM)

1h:;n'a'U~'Jtlrl'a~~1L"'l'WLL~:;hh~'W[;j1-:l1~'J3JhJ(i-:l glycosaminoglycans ~-:l"'l:;,yh1ihn~m~

Lrl~'a'W"lJ'a-:l~1~"lJ'W1~1"'n.J'a'an"'l1ncapillary lumen ~'J'W visceral epithelial cells "lJ'a-:l Bowman's
,

.dI.c.I • q . q d

capsule "'~'aL~t1m1 podocytes "'l:;3J cytoplasmic foot processes 'Vl'a'an3J1L",'W'a basement

membrane LL~:;"ll'a-:l~1-:l~:;"'~1-:l foot processes ~~t1n~1 slit-pores "'l:;,yhHhn~mm~'a-:lL~h

hJ~ Bowman's space mesangial cells "'l:;'a~~:;"'~1-:l capillary loops "lJ'a-:l Ln~L3J'ali~LL~:;"'l:;

~~1-:lLiJ'WLrl1'a"1htlml1'W tuft L~m"ll~~'U1-:l(;]'J"'l:;;'j phagocytic properties ~'J'W"lJ'a-:l glomerular
".. "

membrane \J"'l:;,yh1ihn~mm~'a-:l"lJ'a-:l"lJ'a-:lL"'~'JLL~:;~1~Vl;'j"lJ'W1~L3J L~ Fl~ L~n L~t1~1~Vl;'j"lJ'W1 ~

L3J L~Fl~ 1"'n.J"'l:;hiQnn~'a-:lcJ1'WL~t1;'jn~ 1niJ'a-:lrl'W"'l1n"lJ'W1~"lJ'a-:ll~L~mL~:; podocytes ",1'a GBM

Vll.J~:;"'l~'U~-:l"'l:;t:Jin~1~L3J L~ n ~1", ru~;'jl.J~:;"'l~'U'a'a nL~t1 L'Uyn :;'ath-:l~-:lLl.J~~'W1'WYi ~1~3J1
~ "lV"

LLf1ItJ'll~"l.I'fl-3 Bowman (Bowman's capsule)...
Bowman's capsule l.J~:;n'a'U~'Jm"ll~~~'a-:li'W1~LLri visceral layer ~-:l"'l:;~~1-:lLil'W

epithelial layer (podocytes) LL~:; parietal layer ~-:l"'l:;~~1-:lLiJ'WLLrll.J~~~'J'W'W'an (outer layer)
'" I I I

L~t1"ll'a-:l~1-:l~:;"'~1-:l L"ll~~~'a-:li'WVl ~t1 n~1 Bowman's space "'l:;,yhww1Vl Ln'U"lJ'a-:l L"'~'J LL~:;~1~Vl

m'a-:l'a'an3J1LL~:;~-:l11.Jcl'-:lvi'a1l'l~'J'W~'W (proximal tubule)

':i'~tJtJ'V1'fl1l'l (Tubular system)

l.J~:;n'a'U~'JtI~~'J'W 1~LLri vi'a1l'l~'J'W~'W (proximal tubule), loops of Henle, vi'a1l'l~'J'kl

1.J~1t1 (distal tubule) LL~:; collecting tubule ~-:l~'J'kl[;j1-:l1m~1rl''''l:;LL1j-:lt1'atl[;j'a11.JLiJ'kl
I I '" '"

subsegments VlmrlN~~1-:l"lJ'a-:lL"ll~~LL~:;",ihVlLLl'ln[;j1-:lrl'W1l'l"'l:;n~'a-:l"lJ'a-:lL"'~'Jvr-:l~'kl1.J~::;3J1ru

180 ~ l'l~[;j'a1''klL~t1"'l ::;;'j~'J'kl1.J ~::;n'a'U"lJ'a-:l Ln~'a LLi[;j1-:l1 L",il'a'klrl'U1'klYi~1 ~3J1 Yi'U~1"'1 n~1~~m'a-:l.. .. ..
m~1ilQni'U'a'a n3J1LL~ ~-:l~1'W1vr-:l"'3J ~1'klh-:l mm'J3J ~-:l Ln~'aLLi[;j1-:l1"'l:;Qni'U'a'an3J1",3J~1'klL'J~1

I I '" I II

1~ni'JL3J-:l (;]-:l'l!'WWI,l'JtlLl'l (nephrons) "'l::;,yhwtJ1Vlrl'J'U~3Jm3J1ru,:j1LL~::;m~i'U~1~[;j1-:l1 L~mL[;j

~ ::;~'J'kl"'l ::;,yhWW1~ [;j1-:l rl'kl11.J
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vi'£ll(;l~'J'U(;]'U (proximal tubule)

vi'B1(;l~'J'W~'W~'1vil'l ..rW1~~ 'Hh'W~1~~ n~'B'I1~r.n nLmmJ'Bli~ (glomerular filtrate) r.nn
,... ,

Bowman's space 'B~Yl(;]1LLVI'l..i'l"1l'B'IL{j'B1(;l~'J'W'W'Bnlh::;n'B1J~'JtI~'J'WYlLhJn~1pars convoluta
...

LL'Cl::; pars recta inMru::;LrlN~~1'1"11'B'IL".ll~:H~1'W~'J'Wil'"l::;iJ'1ru~~1J1l1'Wn1~"1I'W~'1~1~r;i1'11~'11'W

~'J'W"1I'B'I epithelial cells ~~tl1JLL1J'W'"l::;iJ microvilli ~"1I'B1J"1I'B'I lumen ~'1'"l::;~~1'1LU'W~'J'W"1I'B'I
I t.I I t.I

brush border LL~::;'"l::;LYl~Yi'WYl~'J1'Wn1~"1I'W~'1~1~r;i1'11L".ll~~Lmhil'"l::;iJ1~L(;l rl'B'WL(JI~mU'W~1'W'J'W

~1n~'1~1Lu'Wr;i'Bn1~"1I'W~'1~1~L(JItI';jfi active transport

vi'B1(;l~'J'W~'Wlh::;n'B1J~'JtI 3 segments 1~LLri 51 segment ~'1iJ1JYl1J1Yl1'Wn1~~(JI~~~1~
, ,

'i' "" 1'" .dl ~I' """". ~.".llL(JItI~LL~::; 1Jrl1~1J'BL'W(;l 52 segment ".ll'l'"l::;Lu'W~'J'WYl~u~~1ruorganic anion LL~::; cation
, ,

.dl "" ~ .dl 1'" <Vtransporters ~'1~(JI LL~::; 53 segment ".ll'l~1JYl1J1Yl''Wn1~~(JI".ll~~1~rl~'B ~(JILL~::;VI~'1~1~

hJ~~L~tI~
...

vi'B1(;l~'J'W~'WLU'WLLVI~'1"11'B'In1~~(JI~~~1~r;i1'11"11'B'I nephron L(JItly.j1J~1~'BtI~::; 65 "1I'B'I'l11

LL~::;L".ll L~tI~~ n~'B'I'B'Bn~1'"l::;Qn~(JIni1J~ti ~1~~'W1~Qn ~(JIni1J1~LLri rl~'Bh~ (Qn~(JIni1J~'BtI~::;
...

55) ~1m~Lrl~LL~::;m(JI'B::;m'W (bln(JI(JIni1JLn'B1J~'1V1~(JI) 11Jrl1f1J'BL'W(;l (bln(JI(JIni1J~'BtI~::; 80 n'l
'lI cu cu '\l 'lI

90) ~'B~L~(;l (Qn~(JIni1J~'BtI~::; 75 n'l 95) LtJ~~L~tI~LL~::;1J~tI (Qn~(JIni1J~'BtI~::; 50) LLrl~L~tI~
, ...

(Qn~(JIni1J~'BtI~::; 60) LL~nilL~tI~LL~::;~1~~'W1 (Qn~(JIni1J~'BtI~::; 30) L(JItln~1nr;i1'11~'WIl1J~1~

LLr;i~::;"ll'l(JI;'1~'J'Bth'lLL~(JI'I1'W~tJ~ 2.5 n'l 2.8 (8,10-12)
'U

vi'B1(;l~'J'W~'WtJ'Ivi1V1iJ1~mf'l~1~r;i1'11L~11tJ~vi'B1(;l~'J~n'l~1~ endogenous and
I t.I t.I I

exogenous organic anions and cations "ll'l(JI(111'11 L(JItln1~Vli'l~1~il'"l::;Lii(JI~'WYl pars recta
I I '" '" I

LU 'WVlin ~ 1JL{j'B'I'"l1nm::;1J'J 'Wm ~r;i1'11Yl Ln (JI~'W'"l ::;y.j1J~ 1r11'B'B~L~ ~ 11~"1I'B'I "1I'B'I LVI ~'JYl m'B'I~1'W

vi'B1(;l~'J'W~'W'"l::;Lvi1n1J1'Wy.jm~~1 (isosmotic) ~'B1h::;~1ru 300 mOsm/L

Loop of Henle

lh::;n'B1J~'JtI thin des cend ing limb, thin ascending limb LL~::; thick ascending limb

~'1LLr;i~::; segment '"l::;iJrl'J1~LL(;lnr;i1'11'W~::;VI~1'1~'J'W~LU'W"1I'B'Icortical LL~::; juxtamedullary
, ...

nephrons L(JIti superficial cortical nephrons ~'1iJ loops i'W'"l::;hJiJ thin ascending segment
, , ...

~'1rhU'Wrl'J1~'"l1'1n1J~'J'W"1I'B'Imidcortical nephrons YliJ loops i'W~'JtI 'B~.h'lhn(;l1~1'W~'J'W"1J'B'I

juxtamedullary nephrons LL~::; midcortical nephrons ~iJ loops ~'W~'1hJn'l inner medulla '"l::;iJ
... ,

thin ascending limb 1'W~'J'W"1I'B'I juxtamedullary nephrons ~'Wy.j1J~1~'J'WYlLU'W long loops of
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Henle i'J~rlu vasa recta "'l~LthJ~'J'W1.h~n'elu"lJ'el-.3n~ln countercurrent (countercurrent

mechanism) ~-.3v11"v1ih~1'Wn1~Yh1~tr~~I'J~L~~~'W"v11'elL~'el"'lI-.3vr-.3~1.J~ 2.9 (8) LL~~ 2.10 (10)
" ,

1 I Q"'4 cI

'W~'J'W"1l'el-.3 thin descending limb LL~~ thin ascending segment "'l~~L'l1~~Y1LLU'WLL~~~

microvill i LL~~ mitoc hondria LYitl-.3L~ni;i'elti n1nli\~'el'W~I'W"1J!l-.3~I~"'l~1-ii% diffusion ~lnn~1
,

• Q I '" cI 0 • •• •

active transport ~1i\'Jl~LL(;1n(;11-.3"1J!l-.3"v1'W1Y1n1~Y11-.31'W"1J'el-.3 thin des cend ing limb LL~ ~ thin

"
ascending segment tC'ltl~U~1 thin descend ing limb "'l~1~ill~~~I'Wl~~n~ILL~"'l~1~~I~fJ~t1

L'l1L~t1~ ~'J~ti-.3~I~~'Wl~~~,h'Wi;i'eltln~1 ~'J'W thin ascending limb "'l~hJ1~Jl~~~I'WLL~1~~I~
'i' .,. ~... .,...., ~"

~'l1 L C'l tl~ Ii\~'el ~~C'l LL~~m~t1'l1~t:-Jl'W~C'l

"
"

1'W~'J'W"1J'el -.3 epithelial cells "lJ'el-.3 thick asce nd ing limb "'l~"v1'Wl[;]'J~'WLL~~nim~ru~L"v1;J'el'W

1'W~'J'W"1J'el-.3 pro ximal tubule LL~"'l~n microvilli i;i'eltln~1 ~'J 'W"lJ 'el -.3 thick ascend ing limb ~-.3"'l~
"

m;J'el'Wrlu thin ascending limb "'l~hj1~ill~~~I'WLL~"'l~(;JC'l~~niu~l~t'l1L~t1~1i\~'elhC'f~'J~l1.Jti-.3
, , "

~1~~'Wl1~LLri t1.J[;]~L~t1~ luli\lfu'elL'W~ LL~ntJL~t1~ LLIi\~L~t1~ LL~~L.w'el-.3"'llnnn1~(;JC'lillniui;i'eltl
I ~ ~l

~-.3Yh1~1'W~I~V1m'el-.31~1'W~'J'WtJ"'l~n'el'el~t~~11~~1 (hypoosmotic)

vi'el1(;1~'J'Wthntl (Distal tubule)
, " ,

vi'ell~~'J'W1.J~It1'el~V1 L.w'ell~~'J'W'W'eln (cortex) "'l~n macula densa ce lls ~-.3 LU'W

~'J'W1.J~~n'elu"lJ'el-.3 juxtagl omerular apparatus vi'ell~~'J'W1.J~lmLu'-.3'el'elnl~Lu'W~'el-.3~'J'W ~'el distal

convoluted segment "v11'el early distal tubule LL~~ late distal segment tC'ltl tubular ep ithelial

" "
cells "lJ!l-.3~'J'W~1-.31tJ"'l~"v1'W1 LL~~nvl-.3 microvilli LL~~ mitochondria 1'W~'J'W"lJ'el-.3 early distal tubule

"'l ~"1J'W~-.3~I~~1-.311~LLri t'l1L~t1~ 1i\~'elhC'fL1.J[;]~L~t1~ luli\lfu!lL'W~ LL~ntJL~t1~ LLIi\~ L~t1~ LL~"'l~
~ I I ~ I

hJ1~ill~~~I'Wl~ vr-.3 ~1.J VI 2.11 (10) LL~ ~L.w'el-.3"'l lnnn1~C'lC'lillniui;i'eltl~-.3Yh1~1'W~I~V1m'el-.31~1'W
" "

'" " I I

~'J'WtJcl'-.3Ii\-.3n'el'el~t~~11~~1 (hypoosmotic) 1'W~'J'W"1J'el-.3 late d ista l tubule "'l~v11"v1i;ilV1Ii\'JU'1~

n1~~I'WL~I'el'eln"1J'el-.3~I~t'l1L~t1~ Ii\~'elhC'f t1.J [;]~ L~t1~ luIi\lfu'el L'W~ LLIi\~ L~t1~~-.3nnsIn ~1-.3rl'Wl1.J

LL~ ~'ell"'ln1i Y1fi~ ~"lJ 'el-.3tr"'lr.lu ~'WL-rl 'W el'elfL~'W~1 i'J ~1'Wn1 ~"lJ'W ~-.3 ~1 ~~'J tI

"
n1~~~~I'W"lJ'el-.3ill1'W~'J'W"lJ'el-.3 late d istal tub ule "'l~n1iY1fi~~"lJ'el-.3 antid iureti c hormone

(ADH) ~-.3 ~~I-.3"'llmrtlt1.Jfilm~~ (hypothalamus) LL~ ~~i-.3'el!ln~I"'l lnn1~~!lU~'W'el -.3 ~'el
, "

system ic baroreceptors, osmoreceptors LL~~ ang io tensin 111'W"1Jru~V1n ADH ~'W late distal
1I I '" 11 .

tubule "'l~hj'el~'1!1 ~1~ill~~ ~1'WLL~~v111~~I~V1 n~'el-.31~1'W~'J'WtJcl'-.3Ii\-.3n'el'el~t~~11~ ~1

(hypoosmotic)
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Collect ing tubu le
, "

'el ~ [;j'el ~I "'l l n distal tubules ~~"'l~~'UJ1Ci~Lll'ell[;J~')'W medulla LL~~L~I~ papilla

1J~~n'ell.J~htl 3 subsegments l~LLri cortical collecting tubule , outer medullary collecting

tubule LL~~ inner medullary co llecting tubule 'L111t11'W~ 'el~ subsegments LLm"'l~iJL'll~~Ll1i'W1~'el~

'll'Wc;) l~LLri princ ipal cells LL~~ intercalated cells 'Lc;)t1 princ ipa l (light cells) "'l~LtI'WL'll~~Ll1i'W~

'el~1'W cort ica l collecting tubule 'Lc;)mtl'W~')'W1J~~n'ell.J"1J'el~ epithelial cells Ci~~'eltl~~ 90

principal ce lls "'l ~iJ ~,)'WL~m~'el ~ nl.JnI~"1J'W~~ ~I~'L'llL~mJ LL~ ~'L1J ~~L~t1~ l'W"1J ru~~ intercalated

cells (dark cel ls) "'l~LtI'WL'll~~Ll1i'W~'el~l'W outer medullary col lecting tubu les 'Lc;)mtl'W

~')'W1J~~n'ell.J"1J'el~ epithelial cells L~t1~~'eltl~~ 10 "1J'el~ corti cal collect ing tubule intercalated

cel ls "'l ~iJ~,) 'WL~m~ 'el~ n l.J n1 ~"1J'W~~~I~ l e:l'Lc;) n"'l'W LL~~ll.J mfl.J'el L'W[;J LL~ ~iJ l.J 'Yll.J l 'Yl ~ 1 rfC1J1'Wnln11

1ihJ~~I,)~LtI'Wmc;) (ac idification of urine) 1'W~,)'W"1J'el~ inner med ullary collect ing tubules "'l~iJ

intercalated cells 'el ~ih~ LL [;j LtI 'W fl'W~ ~'ll 'W c;) ~t1 n~1 inner medul lary collecting duct cells ~~u~

hi'Ylnl.JtnJl ~iC;)L"'l 'WLL[;jLti'el~"'llnnl~"1J'W~~~I ~'L'llL~t1~ fl~'elh~'L1J~~L~t1~ LL~~LL'el~'L~Li1t1Lnc;)('W

~~')'W\f~~i'W'W1=t~I'W~1 inner medullary collecting duct cells fl~iJl.J'Yll.Jl'Yll'Wm~l.J,)'WnI~
""

" "
n~~1.J,)'WnI~~~eJl'W"1J'el~-Wl1'W collecting tubule "'l~~'W'el~nl.J ADH 'Lc;)t1V11n"1Jlc;) ADH "'l~

" "
Yil.J~In1~C;)C;)~~-Wlnil.J"'l~iJ'eltl~lmL~~U~~ I,)~"'l~L9'el"'lI~ lnniJ ADH "'l~iJnI~c;)c;)nil.J"1J'el~-W1

~ ~

"
Lnc;)~'W V11 n ADH iJm~lru~l n"'l~r111~u~~I,)~ L~~~'W~ ln'Lc;) t1 'el1"'l~ l nn~1 1000 mOsm/L

Juxtaglomerular Apparatus

LtI'W'LflN~~I~~iJ ~ ru~~l.J1i LtI'W autoregulation iJ~')'Wi')~l'WnI~fl~ fl,)l~ I11'WL~'el c;) LL~ ~

ml~I11'Wl'W'Ln~ L~'el~i~ [;J~'elC;)"'l'Wnlm~'el~"1J'el~'Ln~L~'el~i~ 'Lc;)t1iJ~')'Wi')~nl.Jvf~V1~'elC;)L~'elC;)LL~~
~ ~

~ ,) 'W "1J 'el~ tubule "1J'el ~ nephron Yi l.J macula dens a cells l'W~nr~ "1J 'el~ tubule ~'el~ juxtaposition [;j'el

glome rular hilus 111~~1J~ 2.3 (9) ~1.J1L')ru\f"'l~iwr~nl.J L'll~~"1J'el~ afferent arter iole 'Lc;)t1~
~

, "
afferent arter iole Vl~ILLVloJ~i1"'l~l~iJ basement membrane r111~ macula densa cells LL~~

afferent arteriole cells LnC;)n1 ~i~er~n'WLnC;)LtI'W synsit ium ~r111~iJnI~~c;)[;j'eln'W~~V1~I~ L'll~~
" , "<Q q q I clcI I

~'el~'ll'WC;)'W granular smooth muscle cells 'Yl afferent arter iole LVI~I'WL~t1ml juxtaglomerular

cells ~~r11V1iJl~i~Lfl~I~,xLL~~Ln l.J renin
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2.2 n1'atl~-:::LihJ~u1'v1n1'a'Vhn'IJ"1J'!l.:lvi'!l1(;l~'J'IJ~1.:1"l (Assessment of the renal tubular

functions) (4)

n1 ~tJ ~ :; LihJ'\.nJ1~ n1 ~Yi1 '11'IJ"1J 'El ·n1'El '1.(;l~,) 'IJ~1'11 LLU'I'El'El n LiJ'IJ m nl ~:; dJ 'lJvl 'El '1.(;l~')'IJ~'IJ

usern ~tJ~:;dJ'lJvl'El'1.(;l~')uilfl1 u LC?ltJ i:l'El1 m nLfl:;'El1m nL~ C?l'lVi fl1 tJ'El rJ1'1~"li,) 'IJ~'1 i u1~fi C?l tl'lJl1,):;

renal tubu lar d isorders (;)'1~tJ~ 2.12 LLfl:;~tJ~ 2.13.. ..

n1'atl'a::dj'IJ111'J::vi'!l1(;l~'J'IJ vl'IJ (4)

1. Tests for ph osphate handling LiJ'lJ n1~tJ ~:;dJ'lJvl'El'1.(;l~ ')'IJ~'IJ LC?l m:;(?iiJ~'El~ L~(;l1'\.J
" ,

Ylfl1~~1/Ol:;dj'IJvi')u'I~Yi~ ~ (;l~"1J'El'l n1~~1'IJ,)ru'El1/OlH1'IJ~tJ"1J'El'l fractional excretion (FE,.. ..
"%) LC?ltJi:l~(;l ~~1'IJ,)ru(;)'1U

FEP04 (%) = ur ine phosphate x plasma creatinine x 100

plasma ph os phate x urine creatini ne

L C?l tJ ,"h tJn~'El~~:;V1~1'1~'El tJ fl:; 5 tl'l 12 LC?ltJVl1mn'\.J~'EltJ fl :; 20 U'I tl 'l n1~~ '1JL~m11'1'1. (;l

V11'El'El1/Ol ~1'IJ')ruLtI'IJ tubular reabsorption of phosphate (%) =100 - FEP04

"
'IJ'Eln/Ol1nuu'li:ln1~1-iif'i1 tubular maximum for phosphate corrected for GFR

(TmP/GFR) ~'1~'El'lH normogram 1'IJn1~~1'IJ,)ru f'i1tJn~'El~~:;V1~1'12.8 tl'l 4.4 mg /dL

i:ln1~~m~ntl'lc.Jfl~1'1L~tJ'I"1J'El'l'1.(;l/Ol1nn1~1-iim tenofovir d isoproxil fumarate 1'IJ~lhtJ

L'ElC?l~Yl'1.J~1 ~1 fractional excretion of phosphate i:l l"l,)1 ~~'ElC?ll"l~'El'lrilJV1iJ1~n1~Vi1'1 1 '\.J
, "

"1J 'El'l vl'El'1.(;l~1nn~1~1~'lJ1'1.~ LLrl fract iona l exc retion of ur ic ac id, n1~(;l ~,)/OlYl U~1(;l 1'Cl1'\.J

tr~~1,):; . proximal renal tubulopathy score LL'Cl:; protein to creatinine ratio (13)

2. Fractional excretion of b icarbonate

FEHC03 (%) = urine bicarbonate x plasma creatinine x 100

p lasma bicarb onate x urine creatinine

tJn~/Ol:;i:l~1~1n~1~'EltJfl:;5 V11ni:lf'i1Ln'IJ~'EltJfl:; 15 /Ol:;U'Itl'lJl1,):; proximal renal

tubular acidosis (RTA) LL~~'ElL~tJ~'El~'El'l1~(?)1'1LLrl~lhm~'El alkalin ization rl'El'\.J..
"

3. Frac tional excretion of potassium ~1~1~C1Hf'i1U1'IJn1~tJ~:;Ln'IJn1~Yi1'11'IJ"1I'El'lvl'El'1.(;l

"
~,)'IJ~'IJ'1.~LC?l tJi:l~ (;l~~1'IJ,) ru(;)'1U

FEK (%) = ur ine potassium x p lasma c reatin ine x 100

plasma potassium x ur ine creatinine
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L(;)t11"1111n~hjl"l'J~Ln'W~'tlt.lf'l~ 20 ~lm.J1nn~I~'t)t1f'l~40 ti,:dlLn(;)fOllnn1~~t1IL~m~l~

Ll1 ~~ L~mJ'Vll'lvi't) 1(;1

~t- , ~ .1'" 0 , ~ ,

4 . Fractional excretion of uric acid ~1~1~1.l ~"lll"lI'W ~'Wn1~u~~L~'Wn1~'Vll'lI'W"1I't)'l'Vl't)~(;1~'J'W

"
~'W1~L(;)t1n~ (;1~~I'W'J ru;'llJ

"
FEUric (%) = urine uric ac id x plasma crea tinine x 100

plasma uric ac id x urine creatinine

L(;)t11"1111n ~hjl"l'Jnn'W~'t)t1f'l~ 15 wirunn n~lfOl~ti'l~1Ln(;)fOlln n1~~t1IL~t1m(;)tJ1l"l'Vll'lvi't)

1(;1

m "itl-a:::LihUl1 'J~cvi 'ellUI~ 'J'IJ1.J '&'11 tI

1. Tests for urine ac idification L(;)t1n1~yh short ammonium chloride loading test for

urinary
" ,

f1Jl1~~'Vll'W~I~f'l~f'l It1m~lru 0 .1 nf~~'t),Jlmrn~'Jww'liiLf'lnf~ LL~'J 11 ~~ LiJ 'W 1"1 1 ml~

Ltl'Wm(;)~1't)~I'l (p H) 1'W,j~~I'J~LLf'l~/~1't)1'WL~'t) (;)"r'ln~'t)'li'JL~'l Ltl'WL'Jf'lI~ni'JL~'l wm

1"11 pH 1'W,j~~I'J~~ln~1 5 .5 LLf'l~/~1't)1"1111Jl"llf1J't)L'W(;11'WL~'t)(;)~ln~lri't)'Wf1J1h~'Vll'W

~1~f'l ~f'llmL't)~L~LlJtI~l"lf'l't)h lff 5 iJf'l~L~f'l~'t)~(;1~~'W111 ~'t)~I~f'ln1~'Vl(;)~'t)1J't)~1'WLnruryf

l1n~ 1'W~thtl~n,jt1l~I"11't)'ln1~i1Jm(;)fOl~hj~I~I~I.l"ril1~,j~~ I'J~nI"11 pH 1'W,j~~1'J ~~1

n~1 5 .5 LLf'l~/~1't) 1"1111J l"llf1J't)L'W(;11'WL~'t) (;)~ln~lri't)'Wf1Jl1~~'Vll'W~I~f'l~f'llmL't)~L~LlJtI~

l"lf'l't)hlff5 iJ f'l~L~f'l~'t)~(;1~ (6) LLf'l~/~1't)

2 . Tests for urinary co ncentration L(;)t1(;1~'JfOl~1Jl"l'Jl~~ (;)l1n~fOllnn1~yh water

deprivat ion test L~'t) ~thtln~I'W'J'W,j~~ I'J~~'t)i'W~l nn~1 3 ~(;1~~'t)i'W L(;)t1nl1~~~~n
I ... I I lot I

't)1m ~~~,Jl~1 n ~ (;)11 n ~fOll nrrn ~Yinn1~,j~~I'J~LYi~~'W't)tJl'l~'t) Llj't)'l~i'l1~f1JtI1 ~1'W
, "

1'Jf~ L't)(;);LLf'l~11~~ LiJ'WfOllnn1~Yi~1J't)'t)~L~LLf'l~~1'W,j~~I'J~ (urine osmolality) li't)t1n ~1

"
300 iJf'l~'t)'t)~L~f'l~'t)iiLf'lnf~ (mOsm/kg) LLf'l ~~1J't)'t)~L~f'l11~1'WL~'t)(;)~lnn~1 300 nf'l~

't)'t)~L~f'l~'t)iiLf'lnf~(mOsmikg) LLf'l~L"llL~t1~1'W~f~~lnn~1 145 iJf'l~~l"l~'J1Lf'l'WY1~'t)~(;1~
, "

(mEq/L) L(;)t1 rn~11 ~~LiJ'WfOl ~,Jl ~th t1Yin,j~~I'J~~ 1n~ (;)11 n~~I'l (;),Jll1~~~1 ruwn C1'l uil (;)
, " "

i'JL~'l fOl'W,Jl~oJn~'Jf'l(;)f'l'l~ln n~I~'t)t1f'l ~ 3 ~1't)fOl'Wn~11"11't)'t)~L~f'l LLf'l~~1'W,j~~ I'J ~"1I't) 'l
" , .

~thtlfOl~hJ~I'ln'W Ln'W~'t)t1f'l ~ 10 ~(;) ~'t)n'W~I~l"lf'lL(;)mti1J'l~I'ln'W~i1'li'JL~'l ~ l n l"11
" " , "
't)'t)~L~f'lLLf'l~~1'W,j~~I'J~"1I't)'l~thtl~lnn~1 750 mOsm/kg Yi~'W~(;)n1~~n~1~~'litl~1

LiJ'W primary polydipsia LL~~lnI"11't)'t)~L~f'lLLf'l~i1'W,j~~I'J~"1I't)'l~u'Jtlli't)t1 n~1 750
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o " ,

mOsm/kg Yiih.l~c;)m~~mj'11~[;l~,)IOl[;]'tlLC;)t1m~1~vasopressin L~'tl~illOl,rtl~IL~(;)"1J'tl~

111')::: diabetes insipidus [;]'tlhJ (4)

2.3 t11~Tul,;)1~ tenofovir dlsoproxll fumarate (TDF) LL'a:::'UVI'U1V1"l1'fl ..m1'i1n'lY1i;'aFlL'fl[;l~

~,;)t1 tenofovir dlsoproxlt fumarate 1.'l..I'lj'"l~,r'lJ
"Acquired immune deficiency syndrome (AIDS) Lu'WhA~c;)[;]'tllOllnm~~C;)L~'tl human

, " "
immunodeficiency virus (HIV) ~'l'vh1~LnC;)111,):::l1ii~h.Jrl'Wfl~mtl1Jn'Vif'tl~ L~'tli1~c;)[;]'tlL~lOlln

'lJ •

" , "
m~iJL'ViPlli.J~'W€rl1Jc'J~C;)L~'tl m~L~f1JL~'tlc;)~1'tl~~[;lJfCk!"vllOllm~'tlc;) ~1'tllOllnL~i.J~c;)tI1YiU'WLU'tl'W

'lJ

11 '" I '"

L~ 'flC;)"1J 'fl ~c'J~ C;)L~ 'flL'fl [;l; ~1'flL~f1JL~'fl~I'Wm~u~n~It1'flrjm:::1Ol1nc'JYi~C;)L~'fl LL~:;6~~C;)[;]'fll~lOlln
'lJ 'lJ 'lJ

i.Jl~C;)I ~li[;l~1'W"1Jru::: i~A~Ul~1'fl1'W"1Jru:::A~'flC;) ~1'fllOllnm~~i.J'Wi.Ji.Jl~C;)I~~C;)L~'tlL'flC;); [;l~'flC;)IOl'W

n1~li.J~~L~'flc;)~1'tl~I~~c;)~i~[;]1~1"1J'fl~~thtlY11~1JlC;)LL~~ ~1'flY11~~'W1C;)~~Ii.Jl~(lL~I~L~'fl(;)"1J'fl~
" ...r. "'~""'~I ... .J'~", ..1'1"
~~i.J~~ Lc;)mu'W~IL~[;l"1J'fl~m~[;lC;)L"ll'fl L,)~~L'tl(;)~ L(;)
'lJ •

m~fn'l=tlhAL'tl(;);6~hj~li.Jl~(lfn'l=tl1~~It1"1Jl(;)L~ Lth~i.Jlt11'Wm~fn'l=tl~~LU'WLoWmLLl"1

~ (;)A,) I i.JL~1JU')mL~ :::~ c;)'el[;l~I[;lIt1 L[;l tl n l ~HtI1 ~I 'WL') f~ (antiretroviral drugs) L~ 'fl ~ (;)~ I 'W,) 'W

"1J'fl~ L~'fll')f~1'Wm:::LL~ L~'tlc;)1~L~~ 'fl tJ 'fl tl ~ ~ (;) n(;)mn~i.J~I'W')'Wl')f~1 ~'Wl'W~~ (;) L~ i.J l1 ii ~h'WY1 1 'W
• • 'lJ

" 0 "

"1J'fl~fl~mtl1~i.Jl n~'WL~'tltJ'tl~rl'Wm~~c;) L~'tl'U,)t1 L'fl m~1Ol1 n111'):::l1iifli.J rl'W1Jn'Vif'fl~ 1'W'fl ~ [;l1Ol:::
'lJ •

'" II" '" II

~1'W,)'WL~'flL~LU'WL,)~I'Wl'W LL~:::IOl:::'r111 ~ L~'fl~Ii.Jl~(l ~'fltl1 ~1'W1')f~~'Wi.Jl1~'tlth~~') (;) L~,) ~~'\!'W

"
r;]~ LL [;]U~ I t1iJ A.Pl. 1995 LU'W~'Wi.J 1 LL'W,) Y1 1~m~1~tI1 ~I 'WL') f~~~ LL [;l n [;]l~lu lOl lm~ i.J L(;)t1HtI1~I'W

L')f~~~It1"llil c;)~iJn~In m~'tl'fln QY1'iLL[;l n [;]1~ rl'Wi.J1 f ,)i.J rl'W L(;)t1YilOll~ru l L~'tl n 1.jj tl1~ iJ 'tl1m~hjYl~

U~::: ~~r1tJ'tltl~ ~c;) LL~:::h1L~1i.JA,)Ii.J LU'WYi'l=t"1J'fl~tI1 ~I'Wl')f~[;]'flrl'W ~t1 n~lm~fn'l=tl ~,)t1t11~iJ

lh:::~Y1fiI11'Vi~~ (highly active antiretroviral treatment, HAART)

LL'W,)Y11~ m~fn'l=tl1 'WUIOlIOlU'WYilOll~rul L~'fl n1.jj~ [;l~tI1 ~1'WL')f~~iJu ~:::~Y1fiI11'Vi~~~ Ln (;)
• 'lJ 'lJ

~~~1~ L~t1~1'W~:::t1:;tI1')tJ'fltl LL~:;m~1J1~1 ~tI1~:;(;)') m~'fl~ c;)u'1l~1 ~u')t1~i.Jf1JU~:;Y11'WtI11'W

UIOl "'lU'WL L'W,)Y1 1~m~~LL~fn'l=t l ~u')m'fl C;);"1J'fl~~i.Jl Ai.JL~AL'fl C;);"1J'fl~ ~~f~'tl Li.J1m (1) 1~LL'W:;'0.1 t11

1'Wn~ i.J NRTls ~A')~'0.1i.Jl1.jj1'Wm~fn'l=tlr;],)LLm l~LLfi tenofovir disoproxil fumarate (TDF)

f') i.J rl1J emtric itabine (FTC) ~1'fl zidovudine (AZT) f')i.Jrl1J lamivudine (3TC) ~1'fl abacav ir

(ABC) f')i.Jrl1J 3TC
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LtJtJJ'~LYl PlLYltl51n'lJ'ri1~tJl'lLLtJ'JYl1..:l n'lJ'fm~'1hrlL'al'lCL'l..I1JIOl'1UtJ (14) LLtJ'JYl1..:lLtJn'lJ'

~IOl1J'ru1 L~'anL.jj~ ~J'tl1 ~1tJL'Jf~~51tJJ'~~Ylfi1l1~~..:l LLiJ~11Ol~cl'..:l51 rl':l1~ LL~n ~1..:llOl1 n ~1..:ltJJ'~LYl PI
~ ~

LL~ri1~r.ll'ln'lJ'HtI1 tenofovir disoproxil fumarate L~LutJtI1~inLtJn'lJ'fm~1~tJ'JtIL'al'l~~51n'lJ'~l'l
"

L~'aL'Jf~~urerm~uiJ~'J~~'JtI Ll'ltlH~'J~riu lamivudine ~1'a emtricitabine LL'i'l~ efavirenz L~

LL~ l'l..:l LLtJ'JYl1..:l n'lJ'fn'M1~tJ'J tIL'al'lCLtJtJJ'~LYl PlLYltiLtJ1J'IOllOlUtJ J'':l~ Ci..:ltl1~51L.jjL tJtJJ'~LYl PlLYltILL'i'l~
~ .

2.3.1 Tenofovir Disoproxil Fumarate (TDF)

Tenofovir disoproxil fumarate (TDF) LUtJ prodrug LUtJLn~'a'JJ'a..:l fumar ic acid 'JJ'a..:l bis

isopropoxycarbonyloxymethyl ester derivative 'JJ'a..:l tenofovir n'ln:;1L~'a~LtJltJ'JJ'a..:l prod rug
I I I '" I

....,. ... , 0 'I" "-J !'1 ".,.4... " ~. 1'1 '
L~'aYllOl~L~~rl1 oral bioavailability LL'i'l~Yl1 b~tI1L'JJ1'\1L'lI'i'l'i'l bl'll'l'JJtJ L~'atl1L'JJ1 ru btJJ'1..:ln'lti TDF IOl~

QmtJ~tltJLUtJ tenofovir ~..:lLUtJ acyclic nucleoside phosphonate (nucleotide) analog 'JJ'a..:l
.. "

adenos ine 5 - monophosphate n'lJ''a'an~Ylfi'JJ'a..:l TDF IOl~cl'ucl'..:lL~tJL'lI~ HIV-1 reverse

transcriptase (9, 10)

\1j;)'iL)JL·iHl~'lJ'el.:ltl1 C'9H30NSOlOP' C4H40 4

,f1~unL)JL~n~ 635.52 nL'i'll'l1'i'l;;tJ (kDa)•
LFl'i.:l~~1.:1'V11.:1LFlij c;f..:lJ'tJ~ 2.19 (15)

~

...- IV "
Fltu~)J'U ~'VI1.:1Ll1~"lilOl~'UPl1~ j;)'i (15, 16)•
tI1 tenofov ir 51n'lmJ'~IOl1t1~'J (volume of distribution, Vd) 'JJ'a..:ltl1Lvhriu 1.2-1.3 ~~J'

~'anL'i'lnf~ 51 n'lJ'r.lU riu LtJ J'~'UtJJ'~~1 ru~'atl'i'l~ 7 'JJ'a..:lLtJJ'~tJLtJ~f~Ll'ltln'lJ'rolU riu LtJJ'~tJhl~tJriu
, , "

rl'J1~ rl'J1~L;~;'U'JJ'a'ltl1) L~'a'llOl1n tenofovir 51n'lJ'l'll'l~~'JJ'a..:ltl1~1~1mi..:llOl1nn'lJ'Yll'l'i'l'a..:lLtJ
~

, "
'\.l'i'l'al'lYll'l'i'l'a..:lLL'i'l~LtJ~1U'JJ'a'l~~ 9..:l51n'ln~1t1~tI1'a~LtJltJ produrg L~LLri TDF ~'l'i'l~'i'l1t1-W1L~

, , "
LL'i'l~IOl~QmtJ~tltJ1l1t1LtJL'lI'i'l'i'l1l'ltlm~u'JtJn'lJ'5t1LML'i'l~~LtJ~tltJLUtJ tenofovir IOl1mXtJ IOl~~1tJ

m~u'JtJn'lJ'yj'a~ LmL'i'litJLtJ~tltJLtJtJ tenofov ir diphosphate ~..:l LUtJ~1J''a'an~Yli 1"11

" "bioavailability 'JJ'a..:ltl151n'lJ'LtJ~~l'lL~'a HIV ~1tJ':ltJ 49 J'1t1 '\.li..:llOl1nL~tI1 TDF 300 5j'i'l~nf~ rlf..:l

L~tl'JLtJ"lI'J'l'al'lm'\.l1J' IOl~511"11 Bioavailability Lvhriu~'atl'i'l~ 25 LL~IOl~L~~LUtJ~'atl'i'l~ 40 ~1L~

fUtJJ'~Yl1tJtI1~i..:lmVl1J'~51L'JJ,rtJ~'l ~'JtI1511"11rli..:l:n~~tJJ'~~1ru 17 i'JL~'l LL'i'l~511"11 Cmax LL'i'l~
~

,

AUC Lvhriu 326 tJ1LtJnf~ ~'a5j'i'l~~ ~J' LL'i'l~ 3020 tJ1LtJnf~-i'JL~'l~'a5j'i'l~~ ~J'~1~~1c;fu

V1i..:llOl1nL~futl1 TDF 300 5j'i'l~nf~~'a1'tJ~~'a~mVl1ntJtJL'J'i'l1 281'tJ J'~c;fUtl11Ol~Ci..:l steady

state tJJ'~~1ru1'tJ~ 15 tI151l"11 time to peak LtJ~f~LtJ"lI'J..:l'al'lVl1J' 36-84 tJ"Vi LL'i'l~LtJ"lI'J..:l'\.li ..:l
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'tl1"'1~ 96-144 'W1Yl mfiil~t1ni'Utltlm..J1'Vl1'1,J~~1'J~dj'W",in 0'tltl'Cl~ 70-80) Ll'Itln1m~tl'l~1'W
"

Ln'ClL~tl~i~LL'Cl~ijfi act ive tubular secretion ~'J'W~1nI;1'Jmfiil~tltln~11'W~tJ~hhtJ~t1'WLLtJ'Cl'l
" "

Ll1-l~~~ 'U Pf1'61 (;J~"L'Utl 'i:::~1 n'imhJ~ LPf~•
~ ~

tl1t1 L~P\ 1J1wtJn hliJe.J'Clr1'UlJll"1lfiil'Cl'WP\1~[;lf"lJtl'lm TDF 300 ij'Cl~n¥~f"1¥'1L~tI'Jq

L~mL'Cl~itlt'W (tl1~ 4-17 tJ) iJlJll"1lfiil'Cl'WP\1~[;lf"lJtl'lm TDF hhL[;lnr;11'1r1'U~l",tlJ~~l'I
~

L~tlLtll'li

'bJiJ"lJ'W1l'1~LL'W~1J11'W~1J'JtI~iJtl1~~1nn~1 65 tJ

1'W~1J'JtliJn1~r11'11'W"lJtl'lI;1'U'Un~itl'lhl~1LiJ'W~tl'ltJ¥'U"lJ'W1l'1m~1~ lO11 Cmax , AUC
"

~ 0

LL'Cl~ Tmax "lJtl'lm TDF 300 ij'Cl~n¥~f"1¥'1L~tI'J hJLL[;ln(;11'1r1'Wl'W~1J'JtlYlf"1'J1~~l'ItJn~

"lJtl'l I;1'U1'W~~ l'l'UtJ1'Wn'Cl1'1 ~'1 t'WLLNr1'Utl1~1 ~~M~"lJ1l1~ ~

~1",¥'U ~1J'JtI L~f"11[;l~iJ rn ~r11'11'W"lJtl'l1[;l~ l'ItJn~1'W~~l'l'U oWtltl ~'1 tJ1'Wn'Cl1'1hi
" , , ~

~1LiJ'W~tl'ltJ¥'U"lJ'W1l'1m LL[;l'LijtliJn1~r11'11'W"lJtl'l1[;l~l'ItJn~iLYi~~'W lO11 Cmax LL'Cl~

AUC "lJtl'lmfiil ~L~~('WL titl'lfiil1nn1~i'Utltln'Vl1'11[;l-n1'Cl'l ~1 LiJ'W~tl'l1~¥'Un1~tJ¥'U
~

"lJ'W1l'1m1'W~1J'Jtll'l'lmh'J l'l'l [;l'tl1tJi1
"

• ~ oC:lt..Q I .c::ll oC:lt. <Q, ..,

Creatinine clearance 30-49 ~'Cl'Cl'Cl[;l~[;ltl'W1'Vl : 300 ~'Cl'Clm~ 'Vln 48 "1l~ .

~

Creatin ine clearance 10-29 ij'Cl~~[;l~[;l'tl'W1Yl : 300 ij'Cl~n¥~ ltJl'I1i'Cl~ 2 f"1¥'1

Creatinine clearance < 10 ij'Cl~~[;l~[;l'tl'W1Yl 6'1hl~tlm~tll'l : hhL'W~1J11~H

l'Wnn1j~~tlm~tll'l: 300 ij'Cl~n¥~ nn 7 i'W ",1tl ",i'lfiil1n~tlm~tll'l 12 i'JL~'1
q

tlllM!J1'i:::·w;h.:l!J1
~

tn TDF fiil~6'U6'1n1~r11'11'W"lJtl'lL~'W1"ll~ Cytochrome P450 1A21~L~noWtltl LL[;l'
~

fiil~'bJiJe.J'Cll'Wn1~6'UU'lL~'W1"ll~ Cytochrome P450 subtype 3A4, 2D6, 2C9 ",1tl 2E1

tlijM!J1'i:::'VI~1.:1!J1n'l.J'el1'V11'i
~ ,

m TDF ~1~1~t1'Vl1'W1~i'l"lJ ru~.y;tl'l~1'1",1tl'Vl1'W~~tl~tl1"'1~ri1~ LL'Cl~tl1"'1~YliJ

1"lJ~'W~'1fiil~'jhm~~ bioava ilability "lJtl'lm1~
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2.3.2 nl~~nHl'V11-3fl~iln

2.3.2.1 nl~~nHI ~~nl~i'nHl1.'lJvi'1'U,j~:;~'V1fill1'Vm~:;fl'Jl)J,j~'el ~Jltl'll'el-3 TDF LVitiunu

tI1~~'el n1.u ~t1'JtlcV1 LfltlLvi'i'Util vi'1'lJL'Ji''l4)Jl n'el'lJ...
Lmtl ULVltlUr.J~n1~1.jjm TDF i'W~~l"li'l1'W"1I'Wl~[;]1'l1 U1LLrl 75 ij~~nf~ (53 ntl), 150

ij~~nf~ (51 n tl ), 300 ij~~nf~ (54 n tl) LL~~mV1~tl n (28 ~ltl ) (17) i'".J~nUm~I'Wbf~~'W1

dJ'WL'".J~1 48 li.J~llf LL~ ~V1i'l 9 1 n 24 li.J~llf n~~~lhtl~1~fumV1~tln9~Uifum TDF 300
• 'IJ

tl~1'W"li '".J'l 400-1 00000 ~'".J[;]tlij~~~l'l~, l~fun1~fn~I~'".Jtl~l'l~m~I'Wl'".Jf~L~~~lrltl'W~lnn~1
" ,

V11tlLYl1nU 8li.Jmlf 91n~tl~~Yl'W~I'W"1Itl'l~lhm'U~ml"ltl'1.~fum~I'Wl'".Jf~~lrltl'Wi.J~~~lru~tltl
'IJ dJI 'IJ

" "
'Cl~ 4.6 tJ LL~~ 94 "1Itl'l~thtlih~tl~tlm (nuc leoside-assoc iated resista nce mutation, NAM)

'IJ

L~tl~r.J'Cln1~'Cl~'Cl'l"1ltl'l HIV-1 RNA ~li.Jc;nlf~ 4, 24 LL~ ~ 48 YiU~I~li.J~llf~ 4 LL'Cl ~ 24 trmn
'IJ •

'lJ'Wl~~I~I~{l~~ HIV-1 RNA l~tlt.il'liJoJtl~I~,\!L~tlLVltlUnUmV1~tln LL~~ TDF 1'W"1I'Wl~ 300

ij'Cl~nf~~I~I~{l~~ HIV-1 RNA l~~ln~~~ LL~~iJn1ni.J~tl'WLLU~'l~I'W'".J'W"1Itl'lL'lI~M~~1'WLL[;]~~•

o "

1'W~I'W"1Itl'll"l'".Jl~i.J~ tl ~Ji'tlYiummshJ~'li.J~~~'lrlVl Ln ~~'W1'WLL[;]~~n~~ 1n~ L~tl'l n'W tl n L~'Wtllms•

, "
l"l'".Jl~ ~'W LLN"1Itl 'lmm ~hj~'l i.J~~~'l ~Vl Ln ~~ 'W

LL~~~nn1 ~~ n~I ~l1 11'Wn~~Mhtl~ iJ in ~ru~1n ~L~ tl'l nu1'Wn l ~~n~I LLmrn~ r.J 'Cl n1 ~
• 'IJ

Yl ~'Cltl'l~ dJ'Wli.J1'WLL'W'".JYll'lL~m n'W L~tl 9 ~i.J ~~~'l rl"1l tl 'l n1~~ n~L~tl LmtlU LVltlui.J~~~YlfiJl lYi LL~ ~•
"

l"l'".Jl~i.J'Cl tl~Ji'tl"1ltl'l TDF 300 ij~~nf~ i'W~~l"lf'l (368 ntl) LVltlUnUmV1'Cltln (184 ~ltl) (18) dJ'W

L'".J'Cl1 48 li.J~llf LL~~V1i'l91n 24 li.J~llfn~~~thtl~'1.~fumV1~tln9~'1.~fum TDF 300 ij'Cl~nf~
• 'IJ

" "
~~~u HIV-1 RNA tl~1'W"li'".J'l 400-10000 ~'".J[;]tlij'Cl~~l'l~ LL~~~tltl~~ 94 "1Itl'l~thtliJU,\!V11L~tl~tl

[;]'elm (NAM) L~tl~r.J'Cln1~~~ HIV-1 RNA ~ lU~llf~ 24 LL'Cl~ 48 YiU~I~ li.J~li~ 24 LL~~ 48
'IJ

tn TDF ~1~1~{l~~ HIV-1 RNA LL~~iJn1ni.J~tlilLLi.J~'l"1l'el'l ~1'W'".J'WL'lI~M~~'elt.il'liJoJtl~Il'lt1!L~'el

LVltlUnUmV1~'eln ~'ll'lI~I 'l~ 2.1 L~tl~ li.J~llf~ 24 LmtlULVltl Ul"l'".Jl~~I~I~{l1'Wn1~~~ HIV- 1

RNA 1~~l n~1 50 ~'".J[;] 'elij~~~l'l ~ V11'el ii 'el tln~1 400 ~'".J[;]'elij~~~l'l ~ ~~V1 ~ I 'ln ~~ TDF LL~~n~~m• •
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0.001) (;l1i-J~I~U LL'C'l::~ 48 liJ~llf~U~I~'eltJ'C'l:: 18 LL'C'l::~'eltJ'C'l:: 41 "1J'el'l~~l~~um TDF ij HIV-1

RNA ~ln~1 50 ~':ll'1'elij'C'l~~(;l~ ~1'el~ln~1 400 ~':ll'1'elij'C'l~~(;l~mi-J~I~Ull.l~It.l"1J'el'l~':lIi-J
I IJ" I

U'C'l 'el ~JltJ~U mn1~l~~'liJ ~:: ~'lAY1Ln ~~t.lYi'l 2 n~i-Jln~ L~ tJ'ln'l.l L~m'U~I::n1~LYi i-J "1J 'el'l ~:: ~u~1L'el•

2.3.2.2 nl'iLmtlULVitlutJ.a::i'VIfi1l1Ym~::Fl113-1tJ~'eI~.ntl'i::'VI'hu.l1 TDF nu stavudine L'lJ

~th !I«L3J L~!Itvl~Un1'i~n'Hl vl1!1!11 vll'lJt 1~~ 3-11 n'elu..
"

n1~'Yl~'C'l'el'liJ~::~'YlfiJ11~LL'C'l::~':lIi-JiJ'C'l'el~JltJ"1J'el'lm TDF "1J'l.lI~ 300 ij'C'l~n~i-J i'l.l'C'l::~~'l

(299 ntJ) LmtJUL~tJunUn1~l~mstavudine "1Jt.ll~ 40 ij'C'l~n~i-J Yjn 12 -r':lLi-J'l (19) It.l~1J':ltJ~ij
" "

\l1 '\..,.trn i-J l n n~1 60 nL'C'ln~i-J (~I \lI~t!mJ'el tJ n~1 60 m'C'ln~i-J 1-ii stavudine "1J'l.lI~ 30 ij 'C'l~n~i-J )

~ ~I'" ~I :;011 ~ ". 'I ... d' ..r:.J .... ~, ~ " .... .... "
(301 ntJ) ~~m~I(;l~(;lIi-J Lu'l.l~::tJ::L':l'C'l1 3 u ~'l.l~u ':ltJ(;l~L"ll'elL'el~~'YltJ'l Li-J L~ tJ L~~Un1~~m~n~':ltJm

"" ,
~1'l.ll':l~~L'el~~i-Jlri'el'l.l mtJ~'lLLl'118 ~'l 64 11 rilL'U~tJ HIV-RNA LYhnu 81300 ~':ll'1'elij'C'l~~(;l~•

LL'C'l::~It.l':l'l.l~~~L'U~tJ 276 ± 20 1 L"ll 'C'l ;l'1 'ell i-J L~ ~~ (;l~ (n~i-J~l~m TDF) LL'C'l:: 283 ± 200 L"ll'C'l;l'1'el
, "

li-J L~ ~~(;l~ (n~ i-J~l~m stavudine) L~tJYi'l 2 n~u~ ::1-ii i':li-J nu lamivud ine 150 ij'C'l~ n ~i-J nn 12. . .
" "

"lli-J. LL'C'l:: efav irenz 600 ij'C'l~n~i-J it.l'C'l::~~'l (tJm~'l.l~1J':ltJ~ijury~ILnmnumn1~l~~'liJ~::~'lA

"1J'el'l~::UuiJ~::~I'Yl~':lt.ln'C'lI'l~1'elLn~~'l.l'"l::1~~unevirapine 1'l.l"1J'l.l1~ 200 ij'C'l~n~i-J Yjn 12 "lli-J .

unu) ~'C'ln1~~m~niJ~::~'Vlfi[lI~~~n1~'C'l~"1J 'el'l~I 'l.l ':l 'l.l"1J 'el'l HIV RNA ~ l n~1 400 ~':ll'1'elij'C'l~~(;l~
"

" "
dj'l.l~~n 'l.l'elmln-n~'ll~~m~n~'l~'C'ln1~'C'l~~I'l.l':l'l.l"1J'el'l HIV RNA ~ln~1 50 ~':ll'1'elij'C'l~~(;l~~

liJ~T\.~·~ 48 , 96 LL'C'l:: 144 ~'ll~LL~~'l~'C'l~'l(;lI~I'l~ 2.2 ~u~li'l 2 n~i-JijiJ~::~'Vlfi[ll~hiLL(;lnl'1I'l•
.., I .c:lI cv 0.... Q".c.

nt.l'elm'li-Jt.ltJ~1~ ry'Vll'l~n (;l
II " I I

n1~~Lml ::lfn1~~'elm"1J'el'lL~'el~.yi11ihn~n1~~n'l=tl ~i-Jm 'C'l':lLil'el~~(;l I i-JliJ 144 liJ~llfhJ
IJ • I I "

~U~':lIi-JLL(;lnl'1I'ln'l.lYi'l 2 n~i-J L~tJ~n~i-J~l~~um TDF ~u~1J':ltJ~~'elm~ I'l.l':l 'l.l47 ntJ ~'eltJ'C'l::. . "
, , "

16) n~i-J~l~~um stavudine ~u~1J':ltJ~~'elm~I'l.l':l'l.l49 ~ltJ ~'eltJ'C'l:: 16) (p =0.91 ) ~':l'l.li-Jln

l'1 'el m stavudine ~1'l.l':l'l.l 2 ~l tJ (p =0.6) L~tJ~ Ln ~ n1m'C'lltJ~'l.l~"1J 'el'l~ 'l.l"ll-W~ K56R ( L:{'el~ijn1~

n'C'lltJ~t.l~~ K56R '"l::ij~':lIi-Jl':ll'1'elm tenofovir, abacavir, didanosine LL'C'l:: lamivudine 'C'l~'C'l'l
"

LLl'1'"l::~'ll':ll'1'elm zidovud ine LL'C'l:: stavudine) It.l~It.l~':lIi-JiJ'C'l'el~JltJ~U~I~1J':ltJYi'l2 n~i-Jij" .
'el ln1~l~~'l iJ ~::~'l A'Yll'l ~~-wnln~ L~ tJ 'l nt.l LL l'1 n ~ i-J ~l~~um TDF '"l::ij~ 'C'l n1niJ ~tJ'l.l L LiJ 'C'l 'l ril.
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[;11n-1~ 2.3 'W'fln91nifu-1Y1U~1n1 J'Ln~fl1'J::;Lth.J~~[;]'fl1~L[;lrl'fl'WL(;'ihJ (mitoc hon d rial tox ic ity )

rer'W1~LLr1 J' ::;U U1.h::;~1 Vl ~'J 'W1J fl 1 tJ rerm~u , fl1'J::;1"JJiT'WthtJ~ LLfl::;m~LLfl rl~nL'WL~'fl ~~-1 ) "JJ'fl-1~lhtJ
" "

L'Wn~~~1~fut..l1 TDF iJ'fltJn~1n~~~1~fut..l1 sta vud ine (17 J'1tJ, ~'fl tJ fl ::; 6 Ln'flLmtJuLYltJunu. .
83 n tJ, ~'fl tJfl::; 28 [;l1~~hc;)u) Le;,tJ ihrtJ~1r1C1JVl 1-1~(i~ (p<0.00 1)

2.3.2.3 n1'afim~nn1'a1.i!J1TDF 1.'lJ'VI1.:1'1..1~~ (16)

TDF Q,n'W111JL-nL'WLrlJ'-1n1J' expanded access p rog ra mme (EAP) ~~1~fu t..l1 9::; dJ 'W

n~~ ~lhtJ~~L~fl'J91nn1J'fn~1 ~'JtJt..I1 ~1'W1'Jf~~1 risuue ::;~~mi'fl91n~L'Wn1J'fn~1 Le;,tJ9::;. " "
1~fut..l1 TDF i'J~nut..l1~1'W1'Jf~ "ll1je;,~'W 191'W'J'Wlh::;"ll1nJ'~~n~1i1~1nn~1 10000 J'1tJL'W 11

lh::;LVlPli'JLflmn'flL~'fl'WYI~~fl1rl~ rl .Pl .2004 ~J'::;tJ::;L'Jfl1 6 L~'fl'W EAP L'Wt.jLnJLLfl::;'fl'fl~LmL~tJ

(5686 J'1tJ) 1~J'1m1'WJ'::;C;)u HIV-RNA ~fl~fl-11JJ'::;~1ru 0.8 log ,o l'l'J[;]'flnfl~~[;lJ' LLfl::;91'W'J'WL"llfl;

;~~L~~;'W1JJ'::;~1ru 40 L"llfl;[;]'fl1~LrlJ'~[;lJ'LLfl::;L'Wn1J'~n~1LLUU~'fl'W~i-1L'WL'J"ll1J~llii2 LL'IA-1

L'Wfl'fl~LL'fl-1L9fl~~ (477 J'1 tJ ) L~tJ~~1J'JtJ~'J'W~1n 1~L1J~tJ'W~11-D TD F L~'fl-191ni1'fl1n1J'hiYi-1
"

" " I I

1JJ'::;~-1l"1"JJ'fl-1t..11n~~ NRTI ~1'flL~ 'fl1'Jf~~'fl[;]'flt..l1 Le;,mmtJuLYltJunuFl1~~~'W"JJ'fl-1~1J'JtJnu~flYl 24. "

0.001 )

2.4 n1'abn (;I1l1'J~bb'VI'1ni'fl'lJ'VI1.:11[;lr,nn n1'a1~~U!J1 Tenofovir

2.4 .1 't'4!J1fi~1'a1'V1!J1'lJ'fI ,:m1'abn (;Irl'J1)J~ (;1'1..1 n ~'lJ'fI.:l1U191 n!J1m'WL~ b':j!J~ (20)

LLiJ~1nfl1nn1J'Lne;,rl'J1~~e;,1Jn~"JJ'fl-11[;l91nt..l1 TDF U-1hJVlnumjie;, LL[;]U19::;Lne;,91n

U9r.rtJ~fl1tJ1'flth-1i'J~ n'W L~miJ'W~fli'J~ n'W91 n~'W1lmJ'~ ~-1 LL'J e;,~'fl~ LLfl::;91 n l'l'J"ll'fl-1t..11 L'fl-1

Tenofovir L~1~L"llfl;"ll'fl-1vi'fl~fl'fle;,1[;l~'J'W~'W~1'WVl1-1human-organic an ion transporters

(hOAT)-1 LLfl::; hO AT-3 LLfl::;l'l'Jt..I1 tenofovir Q,n-nU'fl'fln~lvi'fl1[;l~1'WVl1-1 apical multidrug

res istance protein (M RP) 4 (21 , 22 ) n1J'Lne;,rl'J1~~~1Jn~"JJ'fl-11[;l'fl19~191nn1J'i1J'::;c;)Ut..l1

ten ofovir "ll'W1 e;,~-1Ln'W11Jc;)wrl'Wn1J'1~fu t..l1 teno fovi r i'J~ nut..l1l'wn~~ protease inhibitors L"ll'W

lopinavir/ritonavir (23 ), ind inavir (24, 25) , ata zanavir (26-28) LLfl ::;J' ::;C;)Ut..l1~~-1Ln'W11J'fl19 Lne;,

91nn1 J'~ t..I1 ritonavir 11Ji1~fl[;]'fln1J''W1'fl'fln"ll'fl-1t..11 te nofovi r ~-1~ 1'WVl 1 -1 multidrug resistant
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~ ,
proteins 2 ~1'El 4 ~1'El~~ ~'El~"ll'El~'V11~ (MRP2/ABCC2 LL~~ MRP4/ABCC4) (29) ;jn1~~nM'1Vi

~

~,rU~~'lJ~1n1nn~rl':l1)..J Ej ~un~ "lJ 'El ~1(;l )..J1 n; 'lJr.n n n1~Hm TDF i':lwiumL'lJ n ~)..J protease

inhibitors L(;lU;jn1~~~~~"lJ'El~rl1 creatinine c learance )..J1nn~1n1~Hu1L'lJn~)..J non-nucleoside

reverse transcriptase inhibitors (30) L~U Goicoechea M LL~~rlrw~vhn1~~n'l=t1"JlU~lu~1~~\h

L~'El ~ n1 ~~ ~~~ "lJ 'El ~ rl1 creatinine clearance ~~~1'lJ':lrwiOl1nn1~H~(;l~Cockroft-Gault formula
~ ~

LL~~ Modification of Diet in Renal Disease (MDRD) equation L~mLti~~1l':lu91'lJ':l'lJ51 nul~

fum TDF i':l~nUmL'lJn~~ protease inhibitors , ~1l':lu91'lJ':l'lJ 29 ~1ul~fum TDF i':l)..JnumL'lJ, ~

n~)..J non-nucleoside reverse transcriptase inhibitors LL~~~1J':lU91'lJ':l'lJ 66 ~1uhil~fum TDF, ~

L'lJ~ (;l~U1~h'lJl':lf~ L'El~i YlU~1;j mrs ~~~"lJ'El~rl1'fl(;l~1 n1m~'El~"lJ'El~1(;liOl1n n1~~1'lJ':l ruL~ULoD~ (;l~
~ ~

MDRD equation L'lJn ~)..J~1J':lu~l~fum TDF i':l)..JnumL'lJn~)..J protease inhibitors )..J1nn~1L'lJ

n~ )..J ~ 1J ':l u~l~fum TDF i':l)..J numL'lJn~)..J non-nucleoside reverse transcriptase inhibitors, ~ ,

'elth~;j'l!U~1~C\! 'V11~~n~ (14.7 ii ~~~ (;l ~~ 'El 'lJ1 Vi LmuuLViuunu 4.5 ii~~~ (;l~ ~'El'lJ1 Vi , P =0.02)

L~uhiYlu~1 ;j m1)..JLL(;ln~1~ "lJ 'El~ rl1 'fl(;l~1 n1m~'El~ "lJ 'El ~1(;lL'lJn~)..J~1J ':l u~1~fum TDF i ':l)..Jnum L'lJ

n~)..J non-nucleos ide reverse transcriptase inhibitors LmuuLViuunu~1J':lu~hil~fum TDF
,~ ,

L'lJ~ (;l ~m~h'lJl':l f~ L'El ~i ~~~~ n1 ~~nM'1 ri 'El 'lJ~\J1 ;jhJYlu rl ':l 1 )..J Ej ~u n ~"lJ 'El ~1 (;lL'lJ n~)..J~1J ':l u Vil~fu

tn TDF i':l)..JnumL'lJn~)..J protease inhibitors (31) ~~lun~1J'lJYlu~1;jn1~LL~~~'El'Eln'V11~

vr'lJ~m~)..J"lJ'El~U'lJ~"'1~\J1~dJ'lJ tubular efflux transporters "JlU~ polymorphism "'1L~;j~'V1fiYl~

~'el~~(?)um TDF L'lJL"ll~~ (?)~~U~ 2.20 (32)
~

~

L~U~rU n~ln"lJ'El~n1nn~m1)..JEj~un~"lJ'El~vi'El~~'el~1(;l~':l'lJ~'lJiOl1nn1~Hm TDF Ln~;'lJ

L~'El~iOl1n n1~';u TDF 'El'ElniOl1ni1~n1uL~m.h'lJ~'El~n~ln ~'el ~.h'lJn~~u ':l'lJn1m~'El~ (glomerular
, ~

filtration) LL~':lQ n uptake iOl1m~'El~Vi baso lateral membrane "lJ'El~vi'El~~'El~l(;l ~':l'lJ ~'lJ ~i~iOl1 n'l!'lJ

iOl ~Qn';u'el'El n'V11~1(;lL~urrfi active sec retion m r uptake "lJ'el~ TDF iOl 1 m~'El ~~ (;]1 LL~U~ L"ll~';~

(;] 1LL~ U~"lJ'El~ vi'El~~ 'El~l (;l~ ':l'lJ~'lJ (proximal tubular cells) L~mtJ'lJn1~"lJ'lJ~~"JlU~ active ~1'lJ
, ,

human orga nic active transport 1 (hOAT1) ~~'el ~Vi (;]1LL~U~ baso lateral membrane (33, 34)

hOAT1 LtI 'lJLU~~'lJ~ ~'I!~ (membrane prote in) ~;jrl':l1)..J~1)..J1~ Cl"lJ'lJ~~ ~1~91Yl':ln

acyclic nucleoside phosphonates (ANPs) ~':l'lJn1~';u tenofovir 'el'Eln'lJ'eln prox imal tubu lar

cells iOl~~1'lJ membrane prote in ~~un~1 multidrug resistance prote in-2 (MRP-2)
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(35)

1. ~::;~'lJ"1I'el'lm1lJL~'el "'~'1~\J ~'1'el1"'l LUlJ"'l1nn"l~L~f'lJm1lJ"1IlJ1"'~~'1(lJ, n"l~ihJ~nhJ1(;)'el
, , "

rllJ~ ::; V1~1 '1 TDF rl'lJm~lJl1vh1i~~::;~'lJ"1I'el'lm TDF ~'1~lJ
"

2.4.2 '£11 n1'iLL~::'£I1 msus "'..:I"lJ'£I..:I1l1';l::LLVl'in-n'£l1JVl1..:1L"''''l1 n n1'ii.-ntl1

Tenofovir d isoproxil fumara te LU lJVI~'l1lJm~1lJL') f~~ Qni'l 3-J 1 n~~ ",t",mL'Y'IYlU
I '" I I

~ L~t1,)"ll1 Cld~1"111 t~F) ~ '" L~'el t"'t1 Lll'Y'l1::;'el rh'l~'l1lJu"'l"ulJiJml1 LUlJLii "'~,)3-J ~::;V1~1'lm ~13-J"ll'U'"

L~LLri tenofovir, emtricitabine LL~::; efavirenz (36) V1i'l"'l1n~3-JiJn"l~Hm1lJtJF)1M1Pi'm1"ll 2001

LUlJ~lJ3-J1 iJ~1t1'11lJ~lhtlVl~1t1~1t1~ Ln'" F),)13-J c:l ",1.1 n ~Yl1'1L[;]"'l1n ms11m TDF t",m::;t1::;LL~n'el1"'l
"

'Y'I'lJfl1,)::;vi'elVl~'el '"L[;]~,)lJ~lJVi 1'l1lJc:l ",1.1 n ~~,)3-J ~'1fl1,)::; Fanconi's syndrome "'llJn~::;i'l Ln"'fl1,) ::;

acute tubular necrosis V11nhjL~f'lJn"l~LLrlL"1I (37-43) TDF LUlJm~1lJL')f~L'el"llL'el~~'liJ~[;]~
"

LF)~'l~~1'l"1l'el'lmF)~1t1rl'lJm adefovir LL~::; cidofovir ~'el 'el~1lJn~3-J acycli c nucleo side
, "

phosphonates (ANPs) l1U13-J 1111lJn"l~fnM1111,)::;~'lJin L~'lJ"'l1 n n"l~~ '" L~ 'el L')f~ ~'lJin L~'lJ"ll'U",iJ
" , ,

LL~::;ml1'l~'el 'l ~')iJ ~~-ii1'1 L~tI'Il1~1 rlCld (;)'elL[;] ~'el iJ~~ (;)'elVllJ1l1 rn ~Vi1'11lJ"JJ'el'lvi'elVl~'el'"L[;]~,)lJ~lJ
" , ,

(proximal tubules) t"'t1'Y'1'lJ~1m1lJn~3-J ANPs ;j TDF LUlJ~')ml1iJ~~(;)'elL[;]lJ'eltll1~'"

"
1lJ~::;t1::;LLm"JJ'el'ln"lnn '" F)') 13-J c:l ",1.1n ~"1I'el'lL[;]"'l1nn"l~Hm TDF "'l::;'Y'I'lJU1 [;]1~ 1lJU~~1,)::;L"'t1h j

" "
'Y'I'lJ~1iJU1 [;] 1~1lJ L~'el"'~ '1 'Y'I'lJ 111,)::;'Y'l'el~ L'Y'l[;]1lJL~'el "'~1 m"'t11F)1lJL~'el"'~ 1 'Y'I 'lJL1.1 ~~ lJ1lJU~ ~1 ,)::;

" ", "
U~~1,) ::;LUlJl1i1'l LL~ ::;Ln "'111') ::; L'lJ 1~ '" ~'lVl1 n'Y'l'lJ'el1mnmh;j~'el'lv.n~'ln"lnn ",~~-ii1'lL~t1'l"'l1 n

rnr11m TDF LL~::;Yi"'l1 ~ru1V1t1 ",m ri'ellJ~"'l::;~l'J.JlJ1L1.1 LUlJfl1')::;L[;]')1m~t1'lJ'Y'IilJ n"l~1J'el'lrllJn"l~,

" ,
~,) lJ~lJ~'1 LL (;) LLm~3-J n1~1.1f'lJ"JJlJ1",m TDF 1ihVl 3-J 1 ::;~ 3-J rl'lJ ~ ::; ~'lJ creatinine clearance "1I'el 'l

~lhtl LL(;)~ ::;ntl [;]~'el"''''llJn1~V1~n L~t1'lmr11m~iJ~~1~Ln'" F),)13-J c:l ",1.1 n ~"JJ'el'lL[;]V11'elm~'fl1"'lL1.1iJ
, "

~~~"'n"l~"JJ{",m tenofovi r 'fl'flnYl 1'1L[;]Vi11~~::;~'lJm tenofovir LYi3-J~lJ L-nlJ ritonavir LUlJ~lJ (43)

n"l~~ nM1"'l1 n (;)1'11.1~ ::; LYl PI L~tI') rl'lJn"l~1.1~ ::; LiJlJ111,)::; LLYlm~'fllJYl1 '1L[;]"'l1n rns11m TDF

~,)lJ3-J 1n"'l::;11I"hi[;]~1n1m~'fl'l"1l'fl'lL[;] (g lomerular filtration rate, GFR) V11'flf011 c reatinine

clearance LUlJ~,):{1'",F),)13-J c:l ",1.1n ~ n"l~~nM1(;)1'l1~L~tI')-ii'fl'lL~~t1.1L~1lJ[;]1n'l~ 2.4
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~ creatinine clearance ~~~~~'eltJ~:; 25 t1~ 50 LL~:;~'eltJ~:; 45.9 ~ creatin ine clearance ~~~~

o ... ,

l'wLNYm'l1J'l~9li'l~~m'cW~~~n1~-W'l TDF ~'lHvi~LL~L~'el1.mnnl"1~'Ytfll . 2550 ~~'ll.!•

~'l ~::jr.rtJ1~Yi 'l n1~~ m~nti'ell.!~i~ LL~:;~ ~ (;n~'el1J1i m ~cWn1nn ~ ~~~'l~ L~m'Yn~11'19'ln ms1-nm
... , ...

TDF L~m'J1J~'J~~U'JtJ~~L~'elL'el"ll1'el~'ll'l'J1'V1tJ~1~f1JmTDF vi~LL~L~'ell.!~nnl"1~Vi .flI. 2550 t1~
'\J

... ,
L~'ell.!~~~'lI"1~ Vi.fl\. 2550 L~tJ~~'elll~~ ~'l~1 nl.!~'ll.!'Jl.! 280 ~'ltJ L'eJ'l ~ ~ 1'1'l~ Ltll.!~:;tJ:;L 'J~'l L'U~tJ 74

il.! Vi1JtJ'l~U'JtJ~'eltJ~:; 0.04 ~n1~~~~~"lI'el~ creatinine clearance ~'lnntJ'l~'eltJ~:; 50 LL~:;~U(m
'\J '\J

~'eltJ~:; 10.20 ~ creatinine clearance ~~~~~'eltJ~:; 25 t1~ 50 LL~:;~'eltJ~:; 34.69 ~ creatin ine

clearance ~~~~~'eltJ~:; 1 t1~ 25 1'1'l~~'lc;11J ~~L~m'J~LL~'JVi1JtJ'l'el1J1in1~cWn1nn~~~~'l~L~tJ~

'V1'l~11'19'lnn1~Hm TDF hILLl'1n~'l~9'lnn1~~m~'l"ll'el~~'l~i.h:;L'V1fl1,rnLL~~:;tJ:;L,)~'l~~tJ')tJ1~f1J
...

tn TDF "lI'el~ n1~~m~'l1l.!LNVim1J'l~9li'lll.!ntJ'l~'ln tJ~hi~n1~~m~'l"llil~1tJ~'l~WW'lt1~•



~1'i'NY1 2.1 LL~l'l'l~1 L'U~U "ll'1l,.m 11LtJ~U'W LLtJ~'1 HIV- 1 RNA LL~:; CD4+ r.nn~1G~~'W (intention to treat

population) (17. 18)

26

n11~n1:t1 U1YilMl.J f'i1\~~ [J1:ii\1.J HIV-1 RNA Iuptasma (log" copies/ml) f'i1 L~~ [J 'IItl~ CD4+ cell count (cell/~1)

1'i1 1~lJ,rU ltJIil1"~ 4 ltJIil1"~ 24 ltJ l1I1"~ 48
' .. . ltJIil1"~ 24 ltJIil1"~481'I1L1 lJ9I1l

Schooley TDF 75 mg 3.6 0.22" -0.26" -0.33 374 +18 +10

et al.(17) (n = 53)

TDF 150 mg 3.6 0.44"" -0.34" -0.34 410 0 +20

(n = 51)

TDF 300 mg 3.7 -0.62"" -0.5S"" -0.62 381 -14 +11

(n = 54)

Placebo 3.8 +0.02 +0.02 - 298 +20 -

(n = 28)

Squires et al. TDF 300 mg 3.35 - -0.61"" -0.60 418 13"" 13

(18) (n = 368) ±0.52 ±212

Placebo 3.38 -0.03 - 447 -11

(n = 182) ±0.49 ±217

" p<O.05 .. " p<O.00 1 Li1tlLYi tJ UriU tJ1~ fltJn
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j;11'i'N~ 2.2 LL~IM~~n11L1.I1tJ1J LViU1J1.h::~Ylfi1l1~1iJn11~1'lr.l1iJ'liJ HIV RNA 1::Vl(hm~).J~1~f1JU1 TDF LL~::

n~).J~1~f1JU1 stavudine ~~\JI'l1"f~ 48 , 96 LL~:: 144 (19)

t11~lM1J 1tltlfl::lltl~~U'ltl~t'l1)J11Clfll1lr.i1U'lU HIV RNA (copies/mI)1~(;l1 )J Lth\l)J1 t1.
tfUI1I1\1~ 48 tfUI1l1\1i1 96 tfUI1l1\1i1 144

<50 <400 <50 <400 <50 <400

TDF 76.3 79.9 72.6 75.6 67.9 70.6

(n = 299)

Stavudine 79.7 84.1 68.8 71.1 62.5 64.1

(n = 301)

Stratum - weighted -9.3 t03 -10.4 10 1.5 -2.4 to 12 -2.71011.3 -1.8 10 13.3 -0.810 14

difference (95%CI)
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~1'i'NYi 2.3 ~flLmiJ1JLVltl1J~fl Lipid profiles 1::whm~).J~1~futl1 TDF LLfl::n~).J~1~futl1 stavudine (19)

!J1~Hif1J 'JIU~'II'E1~1'II)j'U (ih'l~nf).JuitJL~:n~(;\1)

Trig lyceri des Total choleste rol LDL HDL

TDF +1 +30 +14 +9

(170 11!J)

Stavudine +134 +58 +26 +6

(162 11!J)

P <0.001 <0.001 <0.001 0.003
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P11'i1..:J~ 2.4 LL~~..:Jn11~m~n'DUIfWh..:J1~L~m~tl..:JnU1l1,)~LLV1m;;tl~V11..:J1(;l"'l1nn111iiEJ1tenofovir disoproxil

fumarate

... ... .
G1'l~-rj;\n1'i ~'iln1'ifl1m:t1L'Elnft1'i'El1..:J'El..:J ~1~'l~

~th!J vi1..:J1u"II'El..:Jlj;J..
'i1!J..:J1U~tJ'l!J..
Peyriere (44) 7 GFR (CG) \li..:J\lq~EJ1 TDF tl1n11\l1t.1hJ'l~~tht.l 5 11t.1, ii

0- 0-

n11L"'l 1~:n~Lth)1 (;lhJ(;l1,)"'l'l~~th t.l 1 11 t.1YiU fl')1 ).J
"

~~tJn~'DU~ tubulointerstitial

Izzedine (45) 19 >25% increase f'l ,)1 ).J~~tJn ~'lI'1l..:J1 (;l Ln ~;f~~1~t.I~ L,) rl 1 L'tl ~t.I 6 .89

Cr L~'1l~\li..:JG-).J TDF LLrl~niui'i~~tJn~\li..:J\lq~EJ1

L'tl~ t.I 4.7 ltJ~1Y1
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P11'i1~vi 2.4 (r;i'i)) LLf\~~n11~m~t1'llij~~1~1~L~m;tl~nU1l1,)::LLmnoiitluvl1~1j;]"l1nn111iltl1 tenofovir

disoproxil fumarate

&1')=a1'~n1'i

vh~1u-n'i)~1j;]

Graded cr. Vi lU ~1 \-11lJ 'Y'l U Fl ,) 1~ LLj;] n~1~'lJ tl~~u1i n11nrn1nn~

GFR (MDRD Fl,) 1~E:i~un~'lJ'tN1j;]lu~thtl~1~futl1 TDF/3TC/EFV

Gallant (46)

(study903); Casetti

(47) (study903E;

n1'i'~m~n'llij~'hl

299

and CG) (299 11t1) LmtiuLVitlunu~tbtl~1M Utl1

d4T/3TC/EFV (301 11t1) 1lJiJ~thtl~Ln~Fl,) 1~

E:i~un~'lJ'1l ~v1'1l1j;]~,)u~u1')~n~ Fanconi's

syndrome lUn11~m~nii~'1lL'ih~~j;]1~1u 144

lU~1,.r

Arribas (48) 255

(study934; n11~m:t1

'lIil~1U;1 \1\-1iJ1)

Squires (18) 368

(study907; n11~mf1

'llil~1U;1~\-1ih)

Graded Cr,

GFR (CG)

GFR (CG)

LmtiULVitiuTDF/3TC/EFV (255 11t1) nu

ZDV/3TC/EFVlu~thtl~1lJLFltl1~futl1~hu1')f~ ; ~

144 lU~1\-11lJ'Y'lUFl')1~LLj;]n~1~'lJ'1l~f'l1~fitl31U'lJtl~

GFR (CG); 1lJiJ~thtl~~'1l~\-1q~tI1"l1nn11Ln~

~~;1~L~tI~'lJ'1l~1j;]lun11~n~ii'

lU~thtl~LFltl1~fUtI1~1u1') f~~1ri'1lU; 1lJ'Y'lUn11

L~~;fu'lJ'1l ~ Cr (>2.0 mg/dl) LL~::1l1 ,)::~'1l~L~ j;]lu

L~'1l~~1 n r)1 1.5 mg/dl lu~tbtl~1Mu TDF

LmtiULVitiunutI1\-1~'1lm~'1l~~j;]1~1u 24 LL~ :: 48

lU~1,.r (0 U~:: <1% j;]1~ih~u)
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disoproxil fumarate

~'J~-rI1ln1~

Vh.:l11J"IJ'ENLj;\

Parish (49) (n11P1m~1 211

'lIU~1tJ~1.:1 V1tJ1)

GFR (CG), hlY;Un11~ l?l fWjJ 'f) .:I GFR ViLLj;]n[;j1.:1'f) th..'lihrtJ~1rl'1l

Cr Vl 1..'l ~n ~1'W~tJ')tJ~1~fu TDF LmtJULVitJunutJ1n~~

NRTI ~'W; U"'l9tJ~l~vr1Jfinun11~ 1?l ~ ..'l~ 'f) ..'l GFR

1~LLri n11y;u1')f~L'f)I?l;t'WL~'f)l?lm~1ru~1n (p =
,

0.03) , ~1'W,)'W CD4 ~1 (p = 0.03) , LU1V1,)1 'W (p =

0.04) LLfl ::; F\') 1~~'Wtfl~ j;]~.:I (p =0.009)

Gallant (50)

(study903/934; n11

~ LrW1::;'\.lLLUU1')un~)

554 GFR (MDRD LmtJULVi tJun1 1Ln l?l!11,) ::;LLmnoDtl 'WVl1 ..'l1 j;] 1 ::;V1~1 ..'l

and CG) n ~),J~1~fUtJ1 TDF LVitJunutJ1 NRTI ~')~'W ; h ly;u

f'l,)1~LLj;]n [;j1..'l~tl..'l n 11Ln1?l1l1,)::;LLVlmoDtl'WVl1..'l1j;]1'W

~tJ')tJ~tl..'ln~~ ; 1~Y;U F\') 1~LL j;] n[;j 1 .:1 ~ tl ..'ln11Ln l?l

!11')::;LLVlmoDtl'WVl1..'l1j;]1'W~tJ')tJCj') ~1 , ~tJ')tJ~ijn11

;i1..'l1'W~'f)..'l1j;] Cjl?ltJn~ L'ilntJ'f)tJ'f)~L~~ LLfl::;~tJ') tJ f'l,)1~

~1Jtfl~j;]~..'lV11'f)LU1V1,)1'W~fun11fm~1'f)~
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~1'i'N~ 2.4 (~'iI ) LL~~..m11~m~t1'llU~~1~1~L~m~tl'HltJ111,)~LLYlm~tlt.lvl1~1~"l1nn11Hm tenofovir

disoprox il fumarate

L'iln?l1'i'Eh:l:a-3 ~1'U,)'U i,):[1~n1'i

c1ih!.l vi1-31t.l"lJ'iI-31~..

Fux (51) (n11~m~n

'll il~11J~1~",\b) .

2,783 GFR (CG) Swiss Coho rt Study; LmiJtJLViiJtJn~),J~thiJVih1LfliJ

1~ftJm~ht.l1')f~'HltJn~),J~1~ftJ treatment

interruption ),J1UtliJnrl1 12 L~'flt.l L~mtJt.l~thiJ~

1MtJ TDF 213 nmLfl~hJ1MtJ TDF 494 11iJ ; n~),J

~1~ftJm TDF ii fl')1 ),JL~iJ~~"'l ~ Ln ~n11fl ~ fl ~ 'lI 'fl~

GFR 10 ),J .fl.lt.l1Vi 'flth~~'flL~ 'fl~L~'fl~~~ 1),JhJ 2 tJ

L~'fl LVi iJ tJntJ n~),J~hi1~ TDF (52% VS 21%); ~thiJ

55 11iJ'lt.ln~),J~1~ftJ TDF (2%) ~'fl~",q~m TDF

LLfl~ 96% 'lI'fl~n11Ln~111,)~LLYlm~'flt.lYl1~1~LtJt.ln11

L~),J.jj t.l'll'fl~ Cr

Jones (52) (n11~m;-1 1058

'llil~11J~1-3"'U1)

Cr> 120

~mol/I (1.4

mg/dl)

~thiJVi1MtJ TDF iifl')1),JL~iJ~~1~"'l~Ln~111,)~ Cr

),J1nnrl1 120 prnol/l : ~thiJ 84 11iJ (8%) Ln ~111,)~

Cr ),J1nnrl1 120 ~mol/I L~iJ~ 75 11iJ1MtJm~iiYh;

~'fl1~i')),J ~,) iJ . iih fl i')),J~ri1i~'fl fJ'lWl1')~tt.l LLN

Gallant (53)

(n11~m~1'llil~11J

~1~"'U1 )

344 Cr, GFR

(CG)

Johns Hopkins cohort; ~thiJVi1MtJ TDF iin11

fl~fl~'lI'fl-3 GFR 'flth~iiUiJ~1l'1C1JYl1~~ti~ L~mLiJrl1

n1 1f'l~fl~if (9%) 12J ii~f'l~ 'fl 'fl1 n11Yl1~ f1~iln 'll 'fl~

~thiJ
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~1'i1-3~ 2.4 (~'fl) LL~c;Nm1i'im;-1'llil~[;j1-31~L~m;tl-3nU1l1'l::LLVlmeiitl'UYl1-31(;l"1nn111iitl1tenofovir

disoproxil fumarate

L'flnil/1'1'£l1-3-a-3 r.i1'U'l'U (;]'l~-r~n1'1 ~~n1'1Pfm:t1

~{htJ 'Vi1-31'U"lJ'fl-31~..

Nelson (54) (Gilead

Expanded Access

Program)

10,343 Graded Cr YiU1l1'l::nYlmii'fl'UYl1-31{i11'U~1J 'ltJ 0.5% "1n ~1J'ltJ~
"

11tJ-3 1 'UCJ fl;1-3 L~ tJ -3 1'l ).Jj1-3 \l '-l ~ 631 11tJ (6%) LLfl::iJ

mn~'-I;f'UlItl-3 graded Cr l'U~1J'ltJ 2 .2 % t~tJYiUrJ1

Lii~h'-lnuU"9tJ1'l'-l l~mi n111MUtI1~iJCJfl[;j'fll(;l
" .

1'l '-l, 'll1wwml'lU'fltJ, mq'-l1n LLfl::iJ 41'U'l 'UCD4 ~1

CG: Cock roft-Gault; Cr: rh creatinine lUL~tl~ ; d4T: Stavudine; EFV: Efavirenz; GFR: Glomerular filtration

rate, MDRD: Modification of Diet in Renal Disease equati on; NRTI: Nucleoside reverse transcriptase

inhibitor; TDF: Tenofov ir disopro xil fumarate; ZDV: Zidovudine
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..l .. ..; .J' 1
1l1VfVI 2.2 LL'l'l "N'l::UU'H'l'fl(;lL~'fl(;lY1).J1L~ t1-3 (;1LL~:: nephron (9)
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Macula densa~-t~

Loop of Henle:
Thick segment of
ascendng limb --++--+LI

Thin segment of
ascending limb--#--41
Descending limb

Cortex

Bowman's
capsule

Cortical collecting
tubule

Medulla

Med ullary
collecting tubule

Collecting duct
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juxtamedullary nephrons (9)
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Proxm..l LOGp of Dis~i1a ~lho~tin9

wbo\ll" HN1. tlIbul. tab.liP

Na+ ".+~H»
K+

IK+
.bot2CI-

Na. ~L
H+

&1-

c . n pgUn\l
I ..b.. l . _1I

p'O)( .1
t ......k ~.11

N.. p

lIHCO: ...... " •••
-- - qlu t ..r -lot.

Fonnell (ln of un rt,j NH4+ III the oroxtmet tubele, glutllmlne 15 t
oflod mE'tooollzed In 0 NH4. nd 01 c-l;etoglulM"ll te . u t ru zeuon 0
111 th gen .r~lIO Il of HC03-. w h e s IiH4· subs lI ut 1; f or H. on thl?
exchen rena It t h n h e r t Il dlroctl ", Int o th 1um n Th m en m sm Is dlr r r n
1tI the c ollecti ng tub ules nenneter. IIPHl -s-o lu tl1e w·e olU uses ream t he Int nU tlet
flUId 1f1tO t e l umen. wn er e 1l comtnnes WI h "S l?crete o H+ t o form NH4 + Am m On l l;!r,

1<; l1Pld -lnSOI ')b l l? ond 1<; her(lfo r l? IJn a/J1\l t o boci: - d l l f ')~ e out 0 Ul(lluml?ll ot ha l
'!'lK h UH4 + ron t is xcr teo 1$ OS S O<;lil t " WI th tn 9l1n r e I I011 or W HCO - ten
Ihet I ~ r'e l u r"noitej t o p i tunuler c a'J1 ll o r'y



1l1Wvl 2.7 LLM1,mTi''IJ'W~-.l~11yj'il~ LyjlJ1~ proximal tubu le: Pi, phosphate; A , inorganic anion (8)
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[Pi]:

\V:

Lumen Cell Blood

1 mM 1mM 1 mM

+ 3 mV -70 mV OmV
...,XNa+

K+ Type III Na-Pi
~....".L....----Na+

-4-~:'--- Pi

-....."...L.~~Pi

-4-~:'--- A-
L - ----

l11Wvl 2.8 LLMI-.lm1'lJ'W~'-.l~11 organic cat ion LLfl:: anion ~ proximal tubule (12)

COTRANSPORT

ANION
EXCHANGE

OA-

oc -

........ No'
-60mV

[ Lumen

H'
H ':ORGANIC CATION

EXCHANGE

OC'

MDR
TRA NSPORTER

n it.- I. ,W,'cJw uis." u vl f.Iry.'a 111t fl.I'l lCNf I UA ; IQP ~ a,JJ <JI')."llIfH: canon (CX.".. bot,(>",) r1"tlJr' ''f in , ,.n al/1fOUttld l lll h l l[r . For both c1a~S-C' fi or so lute. lume nal
conc en tra tions exceed cellula r. ""'hich c \ cc-clk Ihat in tbc ext race llular fluid (F CF ) ()r~an ic an Mln -:nlfY into the « II i~ d rive n l"')' indlfc4.'1 co uph ng 10
t he ~:I g: r.td ic nl l hrou~ ;'\ja - dr.'~lc nt orJlanK-a nion ' ) 'Tllrllrl l.'I('p I}.lnd or,anK- anio n C'U'hangc {step 21. Wllhin the ce ll. o rgani c ..niunJ arc partiuoo cd
between l')1tlflb",m a nd , e".ick t.. S it rna)' oc cur throu gh fac ihrated d ilfu'lo iun (:~I C'p -' ) 0 TJ;.InK ca lion .. en ter h)' I' [) -dr i\'('n Iac iluat ed d ittu ion (Sh: r -4 1
311\1lire 1:.1('11 up hom the C\h1rl:t.'m l'1:-' e ndo-omes. O r.....nic ca non c :\il i~ mediated I'y ('.,,-h..nge for proto ns ( '\Ole r ~) lind h~' the ~tDR tran....M1fler ( ..ICp

0'



Tl1~V12.9 LL'M1'l countercurrent multiplication (8)
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permeabi lity I
2. Osmotic equili- __ ,

bration H20
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Ascending limb
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absorption
2. Low water

permeabi lity
3. Luminal dilution

. ,
Tl1~Yi 2.10 LL'M1'l n1 ~"llU~'l~ 1 ri1 loop of Henle (10)

TMtilar
1tJ... Ih -----:,.........,.....-........
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_ I ~

Il1'WVI 2.11 LL~ I1l ,m'l 1"ilU~-.l ~ 'l 'rn distal tubule (10)

YllllH'lr PHl'IIIIH'I.
~ II. .!l:1I. 1I:.Ipi~"",

•
i

t-
o:,

21

e.

::1:e.-liP
/ ,
f )•

WI
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Segment

Proximal tubule"

Ascending limb of Henle
Distal tubu le

Collecting du ct

Function

Phosphate transport
Glucose transport
Aminoacid transport
Bicarbonate transp ort
Sodium, pota ssium , chlorid e transport
Proton (H ' ) secretion
Sodi um, chloride transport
Sodium, pota ssium transport

Water transport

Disorder

Hypophosphatemic rickets
Renal glucosuria
Isolated, generalized aminoac iduria
Proximal RTA
Bartter syndrome
Distal RTA
Ci telman syndrome
Pseudo hypoa ldosteronism
Liddle syndrome
Nephrogenic 01

"Generalized dy sfunction of the proximal tubule (fanconi synd rome) may be primary or secondary to various disorders (e.g., galactosemia,
Lowe syndrome)
RTA rL'II.11 tubu lar acidosis ; DI diabetes insipidus

Clinical
• Growth retardation, failure to thrive
• Polyuria, polydipsia; preference for savory foods
• Refractory rickets
• Renal calculi, nephrocalcinosis
• Unexpla ined hypertension"

Laboratory
• Hyperchloremic metabolic acidosis
• Metabolic alkalosis with or without hypokalemia
• Hyponatremia with hyperkalemia
• Hypercalciuria with normal serum calcium

• As in Liddle's syndrome, syndrome of apparent mineralocorticoid
excess
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Clinical presen tations

AIDS -de lining illness '
Sympto matic v"
Asymptoma tic
Asymptomat ic

Asympto ma tic

C D.j+ T-cdl counts (ce lls 'nun ' )

Any value
A ny value
< 200
200-350

" 350

Recomm endations

Treat
T rea t

T rent
Defe r trea tm ent: fo llo w up c linica l sta tus and
m onitor C D.j- f-cel l count eve ry 3 months

Defer treatmen t: follow up clinical status and
m oni tor CD.j+T cell co unt every 6 months

• As described in 1993 Revised Classification System for 1'11\ ' In fection and Expa nded Surveillance Cas e Definition for AIDS

Among Adol esce nts an d Adult," ~ ' and penicilliosi-, wluch IS considered as A IDS -ddi n ing 111ne" in Thailand' !"
** Ora l candidrasis pruritic papu lar eruptions (PPEL unexplai ned feve r or diarr hea :- 2-4 weeks, or ' 10·. unexpla ined
weight 10 '>5

Nucleoside reverse
transcr iptase inh ibitors
(:--rRTls)

Non-nucleoside rever se
transcriptnse inh ibi tor s
(l\'NRTl s)

Fixed-d ose combination
of l\~Rn + 21':RTh

Protease inhibitors (Ph)

Fusion inhibitors
lntegrase inh ibito rs

Drugs

zidovudine (A l T )
lamivudine (,nC )
stavudine (d4T)
dida nosine (ddl )

abacavir (AB C)
tenofovir (TO F)
AZI n e
n c.ABC
TOr emtricuabine
(fTC )

nevirapme (K\'P)
efavirenz (EFY)

N\ 'P:d-H,3TC '
NY P:Al T.J TC·
iudmavir(ill\ 'J

ritonavi r (RT\ ' )
<aquinavir (5Q\')

lop inavir.ri ronavir
(LPV:r)

ataz anavir (ATV)

darunavir (D R\ ' )
enfuvirtide (El\r )
rnltegravir (RAL)

Preparation ,

100, 250, 300 mg
150,3 00 mg
30 mg
chewable buffered
tablet s ( 125, 200 mg),
ente ric coat ed capsule
(25 0, 400 mg]
300 mg
300 mg
300 150 mg
300 600 m!?
300 200m!?

200mg
200 , 600 mg

200 30 '150 rug
200 '250 ' I50 mg
200 ,400 mg
food"
loo mg
500mg

so li gel capsule (.,gel
133..' '33,3 mg, tablet
200 50, 1 00 '2 ~ mg
200 , 300 mg

300 mg
90 mg (inj .)
400 mg

200-300 mg every 12 hours
150 III!?e"ery 12 hour", or 300 mg once daily
30 mg every 12 hour s
250 mg once da ily I hour befo re meal for weight
< 60 Kg .. or 400 mg once daily I hour before
meal for we ight j; 60 Kg,

300 IIIg every 12 hour " or 600 IIIg once daily
300 mg once dai ly
every 12 hours
I tablet once tla ily
1 tablet once dai ly

200 mg every 12 hour ;
600 IIIg once da ily bef ore bedt ime

I tablet every 12 hours
I tab let eve rv 12 hours
400-800 mg :" RTY 100 mg twice dai ly with

use a" PI boo ster in the regu nen
1000 IIIg - RTV 100 IIIg twice dailv w ith
food..", or 1500 mg - RT\ ' 100 IIIg once daily
wuh food . :6>

3 "gc twice dai ly with 1,,0'1. or 2 (200 50 ) tab
lets twice
dail v, or 4 ( 100 '25) table t> twice dai lv with food
4oo 'mg once daily with food , or 300 mg - RTV
100 IIIg once dai lv with food" "
600 mg-- RTY 100 IIIg tw ice daily with food
90 mg inject subcutaneous ly tw ice daily
400 mg twice dai ly

• Combinat ion orl\~RTI and 2 NRTb: •• At least 1500 mL :day oforal tluid is recommen ded lo r ind ividual taking ill\ ' to
avoid the developmen t of renal calculi and renal tailure: •• • On ce dai ly closing is recommended tor ARV-na i" e patients only:
•••• When used wi th TDF or Ery use w ith R1'\' only: avo id tak ing wi th antacids , H2-blocker or proton pump inhibitor
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Type of regimen- 2 l\'RTIs l\l\RTI or PI

TOF + He or rnrrrc
AZT - ddI
ddI -'- He
TOF + He or TOFifTe
He + ABC

Preferred regime ns

Pre/ erred reg imens in HIV.HBV co-infection
Alternative regimens

Fixed -dose combination of d·n:.ne ~VP (GPO-\ 'IR S 301 )"

Fixe d-dos e combination of AZT,J TC-NVP (GPO-VIR Z 2 :'0~)

dolP - HC EF\'
AZ T - H e IOV·RT\'**

LP\'·r'·
EF\ '
LP\ ',
AT\' :: RTV
SQV RT\'

• Suggest to sw itch d-lI to AZT after usmg d-l'T for .::. 6 months. 10 avoid lon g- term adverse eff ect. i .e. lipod ystrophy. lactic
acidosi s. dyslipidemia : • • Used when patient cannot tolera te both NYI' and EFY

111wv1 2,17 LL~I?l,m11j;\1,)"'lVl1-.l~tl-.l1J5u--;;m1~Hl'wm1j;\1,)"'l~l?lml-.J~~~1-.lL~t.I-.l"'l1nm11~iJ1~Twl')f~l'W

~thmtlI?l1l'W1J1:;LVlPllVlt.l (14)

Labo ratory tests

cnc.CD4- T-cell count
HIV-! VI.
FBS
AST. ALI
er.
Electrolytes"
Lipid profile (1 C. r ei LOLl
Urinnlvsis

Recomme nded lime for the test

First year of ART

at 6 and 12 months of ART
at6 and 12 months o f ART
at 6 and 12 mo nths of ART
at 1' . 3. 6 and 12 months of ART
at 3" . 6", 9" . 12 months of ART
at 12 months of ART
at 6 and 12 months of ART
at 3**. 6** and 12 months of ART

Followi ng years

every 6 mon ths
every 6- 12 months
every 6- 12 months
every 6- 12 months
everv 6*- 12 months
every 12 months
everv 6- 12 months
every 12 month s

* If patient takes K\ 1' : * * If patien t takes TOF or ID\'

•
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ARVs

NRTls
AZT

H C
doH
ddl
ABC
TDF
FTC

Nl\RTIs
:-IVP
EF\"

PIs
ill\"
RT\ '
SQ\'
LP\','r
ATV
DR\'

Adve rse effects

nause a, vomiting. headache. insomnia. asthenia . bone marr ow suppression (macrocytic anemia. neutropenia).
na il hyp erp igmentation
nausea. vomiting (wry rare)
per iphera l neuropathy. lipoatrophy. dyslip idemi a, hype rlactatemia and lact ic acidosis
peri phera l neuropathy. pancrea titis. nausea. vomiting. hepatitis. hyperlactatemia. lactic acidosis
hypersensitivity reaction
renal toxicity. Fanconi syndrome. nephrogenic dia betic insipidus (DI)
nausea. vomiting. diarr hea . abdominal distension. weakness

rash. Stevens-John son syndrome. toxic epidermal necrolvsi s. hepatotoxicitv
rash. central nervous system symptoms (dizziness. somnole nce . insomn ia. abnorma l dreams. contusion),
dys lipidemia. increased tran sami nase. teratogenicity

nephroli thiasis. nausea. vomi ting . ind irect hyperbilirubinemi a, dyslipidernia. lipod ystrophy
nausea. vom iting. diarrhea. dys lipidemin especially hypertriglyceridemia. lipodystrop hy
nausea. vomiting . diarr hea . headac he. dyslipi demin. increased transam inase. lipodystrophy
nausea. vomiting. diarrh ea . dyslipidernia especially hyp ertriglyceridernia. lipodystrophy
ind irec t hyperbilirubinemia. pro longed PR interva l. I" de gree AV block in some patients. nephrolithaisis
rash. diarrhea, nausea. headache. increased transaminase
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'IJ'Vl'Vl 3

3.1 th~"li1n'i (Populations)

a "'3.3 n1'iLn'IJ'i'J'IJ'i'UJ"lI'fl),J'a (Data Collection)..

d' 4V.q '" ~
n!JLntu'YIn1'iFl(;lL'a'flm"ll1n1'ii"lm~1(Inclusion Criteria)

1. 'll'Nmtl~:::'j..\~I'l 18-60 tJ•
~ ~

2. ~(?) L~Tl LTl (?)~LL~ :::51~Tlt1'l:nlwn1~l~futl1l~hlJl 'Jf~

~'itJ-n'fltl.:l:fL 'W n1'i~'IJ!J1~1'w1'J~~'i'J),J tl.:l TDF '1'Wn1'iP1m~1 (1)•
~ , ,

m~r1~(?) L~TlVlTl~llJn~2-J'1ITl'lL~r1Vlt1'l~I'"l:::LU lJ LTl(?)~ (AIDS defining conditions)
,

o «r'1l:::lIq.oC:ll '" I r I rA "'=It.

'"lllJ'JlJL8Ji~~'l1(?)~lJTltln'J1 350 L8Ji~~I?1Tl~nU1P1n2-J~~L2-JI?1~
'\l

~

51n1~~ (?) L~Tll'Jf~ [;Jure)'m~uui'J2-J ~'JtI

3 . LUlJ~~ lJtlTl 2-J L~l i'J2-J n1~~n~1L(?) t1~ 'l~ Tl LUlJ~lt1in ~ru'ei'n~~
'\l

4 . Lr1t11~fun1~fn~I~'JtltI1 ~llJl'Jf~ LL[;]51c.J~~I'l L~t1'l~91 LUlJ~Tl'l Ltl~t1lJtI12-J1 LUlJ TOF

L(?)t1 ~Tl'l h1Lr1t11~fUtI1 TO F 2-Jl riau

5. 'ei'l?1nn1~mTl'l'1lTl'lll?1 (glomerular filtration rate, GFR) rlTllJl~futI12-Jlnn~I'j..\1TlLVhnu

60 ij~~~I?1~[;] Tl lJ1 Vl '"lln n1 ~tl~::: Lij lJL(?)t1n1nnUU~~I'J::: 24 -r'JL2-J'l
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nD incusYin1'i~j;l~'eI'eI'eI n'"l1 n n1'i~m~1 (Exclusion Criteria)

1. ~thuhHh.!u'a2-JL~1i,)2-JmJ'~m~'l

2. LI"lUL~¥tJm TDF 2-J'l ri'at.!

3. ~~'a~'l2-JLt.!mJ'l1'l sho rt ammoni um chloride loadin g test for urinary acid ification

L~LLri mJ'I"l~l1'lL~LL'a2-JL2-JL-WU~'1Lt.!i'l,m'lu L"llt.! l'1tJ')'lU V11'ai1'1mU~Jl1'):;mC;)~'1'a~L~2-J

L"llt.! L~,)1U LL'c:l:;~~'a~12-J"lJ'a'lmJ'l11 water deprivation test L~LLri ~Jl1,):;L~,)1U Jl1'):;

"
"lJ1 c;)'ll1 LL~:;L~¥tJmitJ1J~~1,):;

4 . ~mJ'Lonm~~tJ~~1'1L~U'I~'aL~iC;)L9t.! 'a'll1 m~1t.!mJ''tlm~tJ~iJL"ll~L~UJ''aUc;1 m~c;)

1"l,)12-Jr;lt.!L ~~~Lt.!n~2-J ang iotensi n-co nvert ing enzyme inhib itors V11 'a ang iotensin II

receptor b lockers

1fin1'i~m~1 (Methods)

J',)tJJ',) 2-J ~thu L~1 mJ'~{u ~1 2-J n!J tnrusnmJ' l"lC;) L~'a n ~thu L~1m J'~mn
, "

lh:; LiJt.!V1U1~m J'l11'11 t.!"lJ 'a'lL~Lc;) UmJ'~ J',) 9 L~'a c;) 1J~~1,) :; l'1'1 LL ~ri 'at.!L~¥tJm

TDF (Jl1 ULt.! 30 rft.!ri'at.!G-2-Jm) ~ 3 L~ 'a t.! LL~ :; 6 L~'at.!V1i'lL~¥tJm Lc;) U9 :;

lh:; LiJt.!V1U1~m J'l11'11t.!"lJ'a'lvim~~'a c;)L~~')t.!U~1U Lc;)u~fi urine acid ificat ion
, ,

q I .... Q .o=:!I

test 'V1n'at.!mJ'J'm~'lLL~:;'V1 3 LL~:; 6 Lc;)'at.!

LntJ~'a~~ Lc;)ULon LLtJtJut.!Vi n r;l'lJl11"l tJt.!')n~

n1'i-K.:I~nj;l~~~:;n1'i-rj;l (Observation and Measurement)

n1'i-rj;le.l~ L~LLri ~1t.!')t.!~thm'ac;)i~LnC;)tJ~~1'1L~U'I'V11'1L~91nmJ'HmTDF
"

~'J ~L1.J'i"l'\Jm 'i14'!J

~'J ~L1.J'i(;]'\J l'1,)LLU J'1"l1 C;)~1 9 :;~ tJ ~ ~'a tJ~ mJ'¥m~n L~ LL ri

•
• 'a1U• ,

.q~ "" .....
• J':;t1:;L,)~1'V1 ~C;)J'tJm TDF

• J':;U:;"lJ'a'lLJ'I"lL'ac;)i

"
• LJ'l"li,)2-J"lJ'a'l ~thu L~ LLri mJ'~C;) L~'aL')¥~ l'1tJ'tlm~tJ"1lUc;) UV11'a ~

"
• V1U1~mJ'l11'11t.!"lJ'a'lL~ri'at.!L~¥tJm TDF

• ~1t.!')t.! CD4+ T lymphocyte "lJ'a'l~thuri'at.!G-~mJ'¥mn

• mJ'~J',)9'YitJ HIV-RNA Lt.!L~'aC;)"lJ'a'l~thu
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• "]j~t'i~'el'ltl1 protease inhibitors ~Hi,)2-Jn'lJ TDF LlJ~j;mJl~hlJl')f~

[;]'JLLtl1r;)1).J ~~;I'l L~t1'lYll'll[;liOll nnlJ'fnMl~hm.l1 TDF

3.4 n1'al"l1'1.l'Jru"l.l'W1r;)[;]'J'fI!h~ (Sample size Determination )

"
nl"v~lJt'i power 80% ~'l'l!'lJ Z I3 =0.84

iOllnnlJ'Pl D nM1LlJtJ''lYitl1'lJl~iOl"r11~,.mnW (2) ~1 0
2

LYl1n'lJ 910.495.
L~r1,)IML[;lm;l1'l~'el'l creatinine clearance J'::;Vdl'l~'el'ln~2-J'elti~ 25% LL~::; creatinine

• 'lJ

d =106.3673 x 25/100 =26.591825

d
2 =707.1255

LLYllJ~ILlJ~2-JnlJ' ~12-Jlnl~llJ')ru"lllJlt'ilJi,)'eltil'll~LYl1n'lJ 15.966508 ntl "vI1'el 16 ntl

Fit'i'tl[;lJ'In1 J''el'elniOllnnlJ'Mmtl (drop out rate) ~ 10%

~'ltflJ N per group = N ~~llJ')rul~

(I -d ropou t rate)

= 16/(1-0.1) = 17.77 ntl "vI1'el 18 ntl

... .. v
3.5 n1'a'JLFl11~~"l.I'fI).J~ (Analysis of Data)..

MnMl~r.rmL'lJ'lJ L'f.hl'l in [;lL:n'lYiJ'J'rulJlhJ;I'l"vi ih (observational cohort study) ~'lnlJ'

Ln t'i~~;I~ L~mtJi'ell[;l~~ Lnt'iiOllnnlJ'L~tI1 TDF LlJ~thtl~l~f'lJ l"lt'iL~'elm;1 n1J'~r.rtl tt'itll"lt'iL~'eln
'lJ

2551 ~'lrilJtI1t1lJ VI.Pl. 2551 L~h~t'il'l12-JLtllJL,)~1 6 L~'ellJ Lmtl1JLYltl'lJr1,)I2-J~t'itJn~~'el'lw~h~ n1J'

'Vi l'lllJ"ll'el'l1[;l~,)lJtJil'l1LlJ~thtl~1~hJtll TDF UlJ.y;n;'el~~LlJLL'lJ'lJyj'elf2-JulJ.y; n;'el~~ n1J'~r.rtl
,

""(ll l r1 ~ lJ ') n Yl 1)
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,
'"' ""1'"' .,. ..4.,. '"' "" 1 ~ '"' '"' 1 '""1I'El~~Vl r;)'"l~Qm''JiJ~'J~LL~~'J Ll"In~tHl'ln1~Lnr;)~~"1I1'l Ll"ItI'lVl1'l j;]'"l1nn1~ b"lltl1j;]1iJ 'J~~

TDF LL~~fjLl"In~~t'l1U'"lr.ltlL~t1'l[;]1'l1~'El1'"lii~'JiJL~m~'El'lniJn1nnr;)~~~1'lL~t1'lVl1'l1j;]'"l1nn1~1oil

tI1 Lr;)t1Vl r;)~'EliJVl1'l~ n~Lr;)t11-ilL1Jmm'~ srss

"4.5.1 1-il Chi-square test 1iJn1m.fJ-t1iJLVltliJl"I'J1~LLj;]n[;]1'l"1l'El'linMru~~iJ:ij1iJ"1I'El'l....

lJthu~ LiJiJ(;]'JLL1Jn;n 'll"l rumVi
~ .

" ,
4.5.2 10il Paired t-test 1iJn1nmtliJ LVltliJ l"I'J1~LLj;]n[;]1'l"1l'El'linMru~~iJ:ij1iJ"1I'El'llJtJ'JtlVl

.... ~

LiJiJ(;]'J LL1J~"ll'Ur;)m~1 ru

4.5.3 10il Repeated Measured 1iJn1nmtliJLVltliJl"I'J1~LLj;]n[;]1'l"1l'El'lcreatin ine
" , .

c learance LiJiJn~~~j;]~[;]'EliJ1Vl[;]'El~iJVl~'Jn1t1 1.73 j;]1n'lL~j;]~ 1iJlJtJ'JtlVl1~fiJ
~

,
"" 4 ,

TDF VlL'J~1 0, 3 LL~~ 6 Lr;)'EliJ l"I'J1~LLj;]nj;]1'l"1l'El'l fractional excretion "1I'El'l~1~

yJ'El~ LyJj;] L1J(;]~ L~t1~ m'r;)\!1l"1 LL~~n1~L1J~t1iJLL1J~'l"1l'El'l~1nn~'ElLLi"ll'Ur;)[;]1'l11iJ

L~'Elr;)1iJlJtJ'Jm'Elr;)~~1~fiJ TDF L~'ElL'J~1eJ1iJ11J3 LL~~ 6 L~'EliJ Lr;)t11JfiJj;]1~
~
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'U'Vl'Vl 4

... <1''''

~~nl'i'JLFI'il~V1"lJ'el~~(Outcom es)..

IV d,., 1. 1 r, '1 ~ ..:4.1 .1 ~m~r;u~'Vl'J u"lJ'el~~u'J!J (Bas e line Characteristics ) (?1.,:]lWln.,:]'r1 4 .1..

i':i~iJ'Jm'e)(?1~~1~'l!~l~lf'J~n1~~m ~rnf.,:]i'lJ 44 ntJ t(?1tJ~19tJhj\~~I~'e)~rl'lJ'e).,:]
"

~iJ'JtJ91'lJ'J'lJ 5 ntJ~lf'J~1lAn::;if t(?1tJ~iJ'JtJ 4 ntJ\~'lJ'e)'e)'e)nr.nnn1~~nMl~":] ll(;]n1~[;1~'J'"l
" "
i.h::;dJ'lJA¥":] urnl~~'"ll ti'e)":]'"l1 ni':i1J'1J~1 ~'e).,:] n1 n~ 'lJ 'r11 ":] l~'e)~ lfiJ n1~[;1~'J'"lfnMI (;]'e) lti'e).,:] llrl::;~ n

n tJ [;1~'J'"lViiJ~::; l~":] (;]'e) ~Jll~ ~'e)":]Jll tJ~i":]'"l1n n1 ~[;1 ~'J'"lu~::; l~'lJA ¥.,:] urnl~ ~'"lllrl::;\ ufiJ n1~fm~n

~'JtJ lAi':iU li.J(?1 (;]'e)~tHYmliJ lrl~ 'lJ t(?1tJhjniiJ~ 1 [;1~'J'"lfnMl~h":]VimiJlrl'"lYhrl":] mcilll n,

"" I '" '" I

~.,:]oJ'lJ9,,:]i':i ~iJ'JtJyh~lf'J~ n1~~ nMl't'i.,:]~'lJ 39 ntJYl~I~'e)~rl~11lA~I::;-J'r11":]~ ~ ~
" "

t(?1mU'lJ"1l1tJ 23 n tJ llrl::;liJ'lJ~~":] 16 ~l tJ 'e)ltj l'U~tJ 'lJ'e).,:]~iJ'JtJ'lJ'e).,:]n~~~\~fiJm TDF lU'lJ 40.03

± 7.66 tJ t(?1tJ'e)ltj l'U~ tJ1'lJ ~iJ'JtJ"1l 1mvhniJ 42 tJ ll rl ::; 'e) l tj l'U~ tJ 1'lJ ~ iJ 'J tJ ~ ~w(h niJ 37 tJ

m~~I~iJ All'U~tJ'lJ 'e)":]~"1l-n~'Jrln1m'J~ (Body ma ss ind e x, BMI ) 'lJ'e) .,:] ~ iJ 'J tJ ~ in ~ 11 l A ~I ::; -J
" , ,

lvhniJ 22 .05 ntrlnf~(;]'e)[;11n":]l~[;1~ ~::;tJ::;l'Jrlln1~~(?1l~ 'e)l'e)(?1~l'U~tJ 7.0 1 tJ ~thtJYll~ lf'J).J
"

"
n1~~ nMl~'J'lJ1~ ru\~fiJ l~'e) l'e) (?1~~1'lJ'r11":] lVi P1i~vr'lJfiniJ A'lJ'e)'lJ(;] I.,:] lVi P1

~ "

l~fiJm).Jlri'e)'lJ~":] 34 ntJ 0''e)tJrl::; 87.2) t(?1m~[;1r..Jrl~l~'e)nHm TDF ~'J'lJ~lmU'lJ n1nn(?1Jll'J::;,

lipod ystrophy '"l lnm~I'lJbf~~[;1n~).J~lAtJ\~fiJu~::;'r1 1'lJ~ 1 ViiJ~":] 33 ntJ (~'e) tJ rl ::; 84 .6)

Al~fitJ'&il'lJ'lJ'e)'l91'lJ'J'lJ;~~ li~~'lJlVhniJ 359 l'll rl ;(;] 'e) ~ rl ~ ~ [;1 ~ i':i~iJ'JtJ9 1'lJ'J'lJ 34 ~ltJ~l~fiJ n1~
~ "

range [lOR] ~'e) iJ'e)tJn~1 50 [ < 50~'J(;]'e)~rl~~l'l~ , <50 ~'J(;]'e)~rl~~[;1~] 'lJ'lJl(?1'lJ'e) 'lm~I'lJbf~

TDF ~H1'lJn1~~nMI ~'e) 300 ~rl~ nf~(;] 'e)i'lJ ~1~fiJm ~I'lJ\'Jf~~Hh~niJn1~Hm TDF J'lJ

ViiJ~ lmn~).J NRTI ~'J~~'e)'l~Hb~iJ'JtJ 'r1nntJ~ 'e) la mivud ine (3TC) ~1~fiJm~'J~~I).J~H, " ,

ViiJ~ l~k~tJ'l 4 ntJ (~ 'e) tJ rl ::; 7.84) ~1~fiJm~I'lJl'Jf~1'lJn~~ proteas e inhib ito rs ~'l~iJ'JtJi'l~).J(?1

l~fiJm lopinavir/ritonavir t(?1tJVi iJ~iJ'J tJi'l~"'lJ 3 ntJ ~thtJ~'J'lJ1~'l!'"l::;1~fiJmbn~).J NNRTI

t(?1 tJ\~fiJ lU'lJ Efavire nz lU'lJ91'lJ 'J'lJ 21 ~l tJ llrl::;\~fiJ Nevirapine (NVP) lU'lJ91'lJ 'J'lJ 15 n tJ
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functions at baseline)

o

'"I1nm~LritJ1J~~1'J:; 24 on'JL~-.1'YitJ~1roi1~fitl'ij1'W'llfJ-.1l"h creatinine clearance 1'W
d.9

n~~ ~tJ 'J tI ~l~ftJm TDF L'VhntJ 109.40 ij~~~In~[;]fJ'W1V1[;]fJ.;('W~~'Jmtl"vl~-.11n1n-.1L~In~ L~fJ
• \I

A1'W'Jruroi1 crea tinine clearance ~'Jtlm~H~In~A1'W'Jru~fJ-.1~In~ ~fJ Coc kroft-Gau lt formula
\I \I

LL~:; MDRD formula 'YitJ~1roi1~fitl'ij1'W'llfJ-.1roi1 creatinine clearance L'VhntJ 102.20 ij~~~In~[;]fJ
d.9

11 I I " I I
-=l I 4 ,qA, .de Q oQA I q I 4 .ella. .c:S

'W1'VllnfJ'Yi'W'VlI:.J'J mtl"vl'W-.11n1~1-.1 L~ In~ LL~:; 114.00 ~~~~ 1n~lnfJ'W1'VllnfJ'Yi'W'VlI:.J'Jmtl"vl'W-.11n1~1-.1 L~ In~

m~~1r;1tJ roi1~fitl'ij1'W'llfJ-.1m~1ru1J~~1'J:;[;]fJi'W'llfJ-.1~tJ'Jm'VhntJ 1820.00 ij~~~In~[;]fJi'W hJ'YitJ
d.9 \I

(mEq/l) 'YitJroi1~fitl'ij1 'W'llfJ-.1 ~1~yjfJ ~ LyjIn1'WL~fJI1IL'Vh ntJ 3.20 ij~~nf~ [;]fJLl1IiD~ ln~ 1n 1~~1 r;1tJ 'Yi tJ
d.9

roi1~fitl'ij1'W"1JfJ-.1~1nL~n~L~t1~1'WL~fJ 111 L'Vh FltJ 2.10 ij~~nf~[;]fJ Ll1IiD~ In ~ 'YitJ roi 1 ~fitl'ij1'W'llfJ-.1m'I1I~ 1
d.9 d.9 ~

"
11"11'WL~fJ I1I L'Vh FltJ 5.10 ij~~nf~ [;]fJ Ll1IiD~ In~ hJ'YitJl"1'J 1~~l1Iun ~"1JfJ -.1~:;r;1tJ'1J11n1~ 1'WL~'e) 1111'W ~tJ'JtI

"
'Vl nntl r1'e)'WL~1f'J~ m~~ m~nLl1ItliJ roi1~fitl 'ij1'W'll'e)-.1~:;r;1tJ'1J11n1~ 1'WL~'e) 111 ~'e) 94.00 ij~~nf~[;]'e)

• d.9

'"I1nm~A1'W'Jruroi1ll1l~'J'W'll'e)-.1m~itJ~1~yj'e)~Lyjln (FEP0 4) r1'e)'Wyhm~~m~n 'YitJ~1

roi1~fitl'ij1'W"1J'e)-.1 FEP04 1'Wn~~~tJ'JtI~L~1f'J~m~~m~1L'VhntJ~'e)t1~:; 11.67
d.9 • \I

'"I1nm~A1'W'Jruroi1ll1l~'J'W"1JfJ-.1m~itJ~1~LU[;]~L~t1~ (FEK) r1'e)'Wyhm~~m~n 'YitJ~1

roi1~fi tl 'ij1 'W'll 'e)-.1 FEK 1'Wn~~~tJ'J tI~L~1 f'J~m~~n~1 L'Vh ntJ~'e) t1 ~ :; 5.27
d.9 • \I

'"11 n m~l"11'W'J ru roi1ll1l~'J'W'llfJ-.1 m~itJ n~ I1I ~11"1 (FEUric) r1 fJ'W"f11m~~n~ 'YitJ~1

roi1~fitl'ij1'W'll'e) -.1 FEUric 1'Wn~~~tJ'JtI~L~1f'J~m~~n~1L'VhntJ~fJtI~:; 6.91
d.9 • \I

,
1n~'J'"I'YitJ roi1~fitl 'ij1'W'll'e)-.1~:;r;1tJLU~~'W1'W1J~~1'J:;'"I1 n m~LritJ1J~~1'J:; 24 on'JL~ -.11 'W

d.9

o "

hi'YitJ m~f'J"1J'e)-.1'1J1 m~'"I1 n m~In~'J'"I1J~~1'J:; 1'W~tJ'JtI'Vl n~1t1 r1'e)'WL~1f'J~ m~~ n~1
\I •
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hJ'YiU r1'J1~ ~ (9iiJ n ~'"l1nmnl ~:;dj'WVliJ1~m~iun~(9i"1J'el'lY1'ell[;]~hwiJtl1tJ t(9itJ~fi short

ammonium chloride loading test for urine acidifi cation l'w~tl'JtJV!nnm~'eliJ~:;d"h..!~ri'el'tJL;1

i'J~m~~mt1

4.1.3 t:J~n1'i(;l'i'J~b~'fl(;lbb~:::,j~~1'J:::"l'WeJtJ'Jtlbb~~:::n-a3J~~13Jb~'fl'W (Renal
... .

functions at three months)

,

'"l1nmnnull~~1'J:; 24 ·]ht~'l'YiU~1,",1~fitJ~1'W"1J'el'l,",1 creatinine clearance 1'Wn~~J.9 ,

I 11 I I I

~tl'JtJY11~futJ1 TDF LY11rlU 114.20 ntl~~[;]~~'el'W1Y1~'eli1'WY1~'JmtJVI'W'l[;]1n'lL~[;]~ Lij'el
OJ

I 11 I 11 I

L~~~'W"1J'el'l,",1 creatinine clearance 1'Wn~~Y11~fUtJ1TDF LY11rlU 0.60 ntl~~[;]~~'el'W1Y1~'eli1'WVi•

~'JmtJVI~'l[;]1~1'lL~[;]~ L~'el~1'W'Jrw,",1 creatinine c learance ~'JtJm~H~[;]~~1'W'Jrw~'el'l~[;]~ ~'el

Cockroft -Gault formula LLtl:; MDRD formula 'YiU~1,",1~fitJ~1'W"1J'el'l,",1 creatinine clearance
J.9

" , ,
i1'WVi ~'J mtJVI'W'l [;]1n'l L~ [;]~[;]1~~1~U ,",1~fitJ~1'W"1J'el'lm~1rwll~~1'J:;~'el1''W"1J'el'l~tl'JtJLY11 rlU

1890.00 ntl~~ [;]~~'el1''W hi'YiU r1'J1~ ~ (9iiJ n ~"1J'el'l1l~~1'J:;'"l1nm~[;]~'J'"l ~'JtJn~'el'l'1tlY1~~M'W1 'W

~tl'JtJY1 nntJ~~1~ L~'el'WVli'l L;1i'J~ rn ~~m~t1
OJ •

Ltl'Wvl~'el~[;]~ (mEq/L) ,",1~fitJ~1'W"1J'el'l~1~'W'el~L'W[;]1'WL~'el(9iLY11rlU 3.30 ntl~nf~~'elL(9ian~[;]~
J.9

,",1~fitJ~1'W"1J'el'l~1m~ n\1L~tJ~1'WL~'el (9iLY11rlU 2.20 n~~nf~~'el L(9ian~ [;]~ ,",1~fitJ~1'W"1J'el'ln~(9itJ1r1
doll doll OJ

"1'WL~'el(9iLY11rlU 5.00 ntl~nf~ ~'el L(9ian~ [;]~ hi'YiUr1'J1~~ (9iiJn ~"1J'el'l~:;~U'W1 [;]1tl1'WL~'el (9i1'W~tl'JtJY1n
OJ ,

,
'"l1nm~~1'W'Jrw,",1l(9i~'J'W"1J'el'lm~iu~1~'W'el~L'W[;] (FEP04) Vi~1~L~'el'WVli'lL;1i'J~

m~~m~1 'YiU~1,",1~fitJ~1'W"1J'el'l FEPo41'Wn~~~tl'JtJ~1~fu TDF LY11rlU~'eltJtl:; 12.77
J.9 , OJ

'"l1 nm~~1'W'Jrw,",1l(9i~'J'W"1J'el'l m~iU~1~tiJf?1~ L~tJ~ (FEK) ~~1~ L~'el'WVli'lL;1i'J~

m~~mt1 'YiU~1,",1~fitJ~1'W"1J'el'l FEK 1'Wn~~~tl'JtJ~1~fu TDF LY11rlU~'eltJtl:; 5.58
J.9 , OJ
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(FEUric)

, ... ,
hi'Yi lJ n1 J'¥';l "1J'el~~1 [;]1~1'W [;]J'';llOnJ~~1';l:::1'W~th tJ'Vl n J'1tJYl~1~ L~ 'el 'W "1J 'el ~ n1~~m~n., .
h i 'Yi lJ fOl';l1~ ~ l'1U n~lOn n n1~U~::: Lij 'W~-W1~ n1~ilJ ml'1 "1J'el~vl'ell[;]~ ';l'Wu~ 1tJtl'1tJ~fi short

ammonium chloride loading test for urine acidification 1'WMhtJ'VlnJ'1m~'elU~:::Ln'W~~1~L~'el'W., .
~i~L~1:h~n1 J'~m~1

4.1.4 l:J~n1'iUl'i'Jr,H~'elUlbb~~tr'6'l'6'l1'J~"lt.l~ih'mbr;i~~n~~v1'V1m~'elt.l (Renal
OJ •

functions at six months)

,

'"l 1nn1nrilJ1J~~1';l::: 24 i';lt~~ 'Yi lJ~1rh~fitJ~1'W"1J 'el ~ ri1 creat inine clearance 1'W
ol.9

, ... ,
~l'1~~"1J'el~ri1 creatinine clearance 1'W~thtJYll~¥lJm TDF Lvl1rllJ 3.10 ij~~~[;] ~[;)'el'W1Yl[;)'elYi'WYl.,

, ,
.Q.c::! ....-=.. ... I .ClI I 11

(:.J';l n1 tJ~'W~ [;] 1 ~1~L~[;]~ [;]~';l '"l 'YilJ~lJ[;] n1~nJn1~~ l'1 ~ ~"1J'el ~ fOl 1 creatinine clearance 'Vl~1 nm1~'el tJ

~::: 25 '"l1nn1 nri lJ1J~~1 ';l::: 24 -i';lt~~1'W~thm.f~i'W 6 n tJ (~'eltJ~::: 15.38) tl'1tJiJn1~~l'1~~ "1J'el~ri1.,
,

I I '" .4 '" 4 0 Icreatin ine clearance 'eltJJ':::~';l1~J''eltJ~::: 25.71 l:l~J''eltJ~::: 34.55 L~'elfOl1'W';lrufOl1 creat inine.,

clearance ~';ltJn1~1eii~[;]~~1'W';lru~'el~~[;]~ ~'el Cockroft-Gault formula LL~ ::: MDRD formula., .,

'YilJ~1ri1~fi tJ ~1 'W "1J 'el~ri 1 creatinine clearance 1'W~thtJ~1~¥lJm TDF Lvl1rllJ 100.30 n~~~[;]~
ol.9 .,

'" I I " I I
I .ClI I odI ~A .dI: A Q oIClIo I .0=1 I .dI q .Q 4

[;]'el 'W1'Vl[;]'el'Yi'W'Vl(:.J';l n1tJ~'W~[;]1~1~L~[;]~ LL~::: 112.00 ~~~~[;]~[;]'el'W1'Vl[;] 'el'Yi 'W'Vl(:.J';ln1tJ~'W~[;]1~1~

L~[;]~ ri1~fitJ~1'W"1J'el~m~1ru1J~~1';l:::[;)'elt)'W"1J'el~~thmvl1rllJ 2110.00 ij~~~[;]~[;)'elt)'W hi'YilJfOl';l1~
ol.9 .,

';l1L~'Wv1[;)'el~[;]J' (mEq/I) ri1~fitJ ~1'W"1J'el~~1~yj'el~ Lyj[;]1'WL~'ell'1Lvl1rllJ 3.30 ij~~n¥~[;)'el Ll'1~ ~ [;]~
ol.9

ri1~fitJ ~1 'W"1J'el~~1m~n lJL~tJ~1 'WL~'ell'1Lvl1rllJ 2.20 n~~n¥~ [;) 'el Ll'1~~ [;] ~ 'Yi lJ ri1 ri1~fitJ~1'W"1J'el~ml'1
ol.9 ol.9
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"
tJ1l"llWL~'El(;)LYhnu 5.30 iJ'tl~nf~[;]'El L(;)on~ [;]~ hi~Ul"l,)1~t'j(;)tJn ~"lJ'El'l~:;vlutl1[;]1'tll'WL~'El (;)1'W~1J')tJ
~ ~

, "
'Vln~1tJVi'VIm~'El'W"lJ'El'lm~~m~nL(;)tJiJ ~h~fitJ~1'W"lJ'El'l~:;vlUtl1 [;]1'tll'WL~'El(;)~'El 94.00 iJ'tl~nf~[;]'El. ~

,
iOl1nm~l"l1'W')ru~hi(;)~,)'W"lJ'El'lm~iu~1~~'El~L~[;] (FEP04) Vi'VIm~'El'W'VIi'lL~1

~')~m~~m~n ~U~1I"h~fitJ~1'W"lJ'El'l FEP04 l'Wmi~~1J')tJ~l~fuTOF Li'hnu~'EltJ'tl:; 12.76
~ . ~

iOl1nm~l"l1'W')ru~hi(;)~,)'W"lJ'El'lm~i1J'C~1~LtJ[;]~L~tJ~ (FEK) ~'VIm~'El'W'VIi'lL~1~,)~

m~~m~1 ~U~1l"i1~fitJ~1'W"lJ'El'l FEK l'Wmi~~1J')tJ~l~fu TOF LYhnu~'EltJ'tl:; 6.03
~ . ~

hj~u l"l,)1~ t'j (;)tJ n ~iOl1n m~tJ~:;LiJ'W'VIiJ1~ m~iu m(;)"lJ'El'lvi'Ell[;]~')'WtJ'tl1tJL(;)tJ%

short ammonium chloride loading test for urine acidification 1'W~1J')tJ'Vlm1m~'EltJ~:;LiJ'W~'VIn

L~'El'W'VIi'lL~1i')~n1~~nM1

~u~1l"i1~fitJ~1'W"lJ'El'l~~~1'W~1J,)tJ~L~1~')~m~~nM1 (lOR) ~'VIm~'El'WLi'hnu 387 (306-355)
~ ~

L"llMl[;]'El'tlnU1 PlniJ'tl~ L~ [;]~ hi~u ~1J')tJ1'VI~~ Ln(;)1l1'):;LU1'V1,)1'W'VI1'ElJ1 [;]1'tll'WL~'El (;)~'1 L~'El ~(;) [;]1~
~ ~ ~

m~~nM1~'VIm~'El'W ~1'V1fu~'El'lmn~h~(;)[;]1~n'l~'tl~1'1L~tJ'I'Vl1'1~1'W lipodystrophy l'W~1J')tJ~

LtJ~tJ'Wm~11-ii TOF iOl1nm~i~1l1MrutJ~:;~LL'tl:;[;]~,)iOl~1'1mtJ1l1tJ'W'Elnhj~u~1iJm~

LtJ~tJ'WLLtJ'tl'li(;) LiOl'W LL[;]hi1~iJ rn ~tJ~:;LiJ'W~,)tJLl"li'El'l~'El~[;]~,)iOl'Elth'l'tl:;L~tJ(;) LL'tl:;1-iil'Wm~~nM1

1l1'):;tl mVi OEXA scan L~'El L~h~(;)[;]1~1l1'):;1"lJ~'Wl'WL~'El(;)~'1miOliJ~'tliOl1nm~1-iim~h'Wl')f~~'1

1~1~.yi11'W~1J')tJ'Vlm1tJ~u~11~iJl"l,)1~LL[;] n [;]1'1 n'W"lJ'El'l~:;vlU l"l'El L'tl~ L[;]'El~'El'tl LL'tl~l[;]m~ L"ll'ElhcPl~
~ . .

ri'El'W~nM1LL'tl:;~'VIm~'El'W L(;)tJiJl"i1L'U~tJ"lJ'El'l~:;vlUl"l'ElL'tl~L[;]'El~'El'tl~ri'El'W~nM1 (26 ~1tJ ) ± SO

Li'hnu 208.46 ± 42.65 iJ'tl~nf~[;]'ElL(;)on~[;]~ l"i1L'U~ml'El'l~:;vlul[;]m~L"ll'ElhcPl~ri'El'W~nM1 (26 ~1tJ )
, ,

I IV ~ A .... I AA l .el cv .01 .dI

± SO L'Vl1nU 205.42 ± 176.6 ~'tl'tlm~[;]'ElL(;)"ll'tl[;]~ l"l1L'u'tltJ"lJ'El'l~:;(;)Ul"l'ElL'tl~L[;]'El~'El'tl'Vl'VIm(;)'El'W"1I'El'l
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n1~~m~t'l (9 ntJ ) ± SO LVl1ntJ 208.89 ± 46.90 53~~nf~j;JtlL(;l:n~ (;J~ rl'lL'U~mJtl-:l~:;(;)tJ1(;Jm~L'lltl

h(;)~~m~tl'W'lJtl-:ln1~~m~t'l (9 ~'ltJ ) ± SO LVl1ntJ 267.56 ± 262.7 5 53~~nf~ j;Jtl L(;l:n~(;J~

L~tl-Wr,nm.l'lL'U'Y'l'l:;~tJ,)tJ1'Wn1~~m~'l~'l'W,)'W 3 ~'ltJ~1~ftJm TOF i')~ntJ protease
"

I I " II

~ '" , ... "" 'I '" '" ~ .. ... .... ~,inhib itors ~ (;l LLn lop inav ir/r itonav ir 'll-:lmiOlW,J~ ~~'Y'ltJll'l,) :;LLYlm'lltl'WYl 'l-:l ~(;JL'Y'l~'lJ'W'W'W umurns

LiJ ~tJ'WLLiJ~-:l'lJtl-:lrl'l c reatin ine clearance ~iJtTtJ~'l AruYl'l-:lf01~Un L (;ltJ ~tJ')tJi-:l~~ (;1hjiJmn1~ LL j;J
~ "

" I I I

+0.01 LL~:; +0.01 LVl1tT'W L(;1tJhj'Y'ltJn1niJ~tJ'WLLiJ~-:l'lJtl-:lLn~tlLLi~'W1~c:i(;1iJn~LLj;Jtlth-:l1(;1

L~'el~iOl11r;u 1 fl1'Vi111 i3 L(;l'el~~1.:11 vi L~!I'J-n'el.:l ntJ n11vi1.:11'U"lJ 'el.:ll(;J"L'U~th!lvi L-nTh 24

n11Pim~1 Lm!ltJ L.yj!ltJ n'U(;l124 L'J'inviLt1i!l'U LLtI'a.:llilwn L~'el'U

creatinine clearanc e

LmtJtJ L~tJtJ~:;~~'l-:l ritl'W1 ~ftJ n1~fm~n ntJ~~nL~tl'WiOl'l nn1nritJ

U~~'l,):; 24 i') L~-:l LVl1ntJ -3.10 53~~~(;J~j;Jtl'W'l~ 1'W'lJ ru:;~rl'lL'U~tJ'1Jtl-:l

f01,)'l~LL(;Jn j;J'l-:l'lJtl-:l fil1 creatinine clearance LmtJtJ~tJtJ~:;~~'l-:lri'El'W

1~ftJn1~fn~'lntJ~~n L~ 'El 'WiOl 'l n n1~~'l'W,) ruL(;1tJ1-ii~ (;J~ Cockroft-Ga ult

formula LL~:; MORO equ ation LVl1ntJ -1.10 LL~:; -1.50 53 'Cl ~ ~ (;J ~j;J 'El

" ,
'W'l~ j;J'El~'W~c:i,)n1tJ 1.73 (;J'l~'l-:l L~(;J~ (;J'l~~h (;)tJ L(;1tJhJ'Y'ltJ f01,)'l~

,
LL(;Jnj;J 'l -:l'lJ'El -:l rl 'l c reatinin e c learance 'Elt.h-:liJtTtJ~'lA'1!Yl 'l-:l~~~Lih

LU'WiOl'lnn1~LritJU~~'l,):; 24 i,)L~-:l (p = 0.821) iOl'lnn1~~'l'W')ru ~')tJ

~(;J~ Cockroft-Gault formula (p =0.497) LL'Cl:; MORO equation (p =

0.262)

4.2.2 hj'Y'ltJf01,)'l~LL(;Jnj;J'l-:l'lJ'El -:lrl'l frac tiona l excre tion 'lJ'El -:l~'l~~'El~L~(;J'Elth-:liJ

tTtJ~'l A '1!Yl'l-:l~~ ~ L~'El L,)'Cl'lLiJ~tJ'WLLiJ'Cl-:l1iJiOl'l n ri'El'W~~n1~~n~'l LU'W

L,)'Cl'l~m~'El'W (p =0.361)
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4.2.3 YnJm1~LL[;In(;h-1"i1fl-1rh fractional excretion "ilfl-1~1~hJ~~L~t1~flti1-1;1

trmh rlC]J'Vl1-1~ti~ L~fl L,)~1L1J~m.lLL1J~-111Jr.11nrifl'W~~n1~~n~LU'W

L,)~1t-1m~fl'W (p =0.002) t~t1'V'l'lJ~1r11 FEK ;1n1~L1J~t1'WLL1J~-1iOl1n~fltl

~~ 5.27 LU'W~fltl~~ 6.03 L~fl~~[;I1~11Jt-1m~fl'W LL(;]flti1-1hn[;l1~r11~
, .-

L1J~t1'WLL1J~-1iJncl'-1fl~1 'WLnru-n1J n ~ (hiLn'W~fltl~~ 40)

fractional excretion

trtl~1 rlC]J'Vl1-1~ti ~ L~fl L,)~1 L1J~t1'WLL1J~-111JiOl1 n rifl'W~~n1~~m~n LU'W

L,)~1t-1m~fl'W (p = 0.006) t~t1'V'l'lJ~1r11 FEUric ;1n1n1J~t1'WLL1J~-1iOl1n

~fltl~~ 6.91 LU'W~fltl~~ 7.95 L~fl~~[;I1~11Jt-1m~fl'W LL(;]flti1-1hn[;l1~
" .-

r11Vl L1J~t1'WLL1J~-1iJncl'-1fl~1 'WLmwyf1J n ~ (hiLn'W~fltl~~ 15)

4.2.5 hi'V'l'lJ r1,)1~LL[;In(;]1-1"i1fl-1 r11yJfl~ LyJ [;11'WL~fl ~flti1-1;1trtl~1 rlC]J'Vl1-1~ti~ L~fl

~~[;I1~n1~~n~Lu'WL,)~1t-1m~fl'W (p =0.667)

4.2.6 h i'V'l'lJ r1,)1~ LL[;I n (;]1-1 "iI fl-1 r11t1J~~ L~t1~1'WL~fl ~flti1-1;1trtl~1 rlC]J'Vl1-1~ti ~

L~fl~~[;I1~n1~~m~1LU'WL,)~1t-1m~fl'W (p =0.560)

4.2.7 hi'V'l'lJr1,)1~LL[;In(;]1-1"i1fl-1r11 creatinine 1'WL~fl ~flti1-1;1trtl~1rlC]J'Vl1-1~ti~

L~fl~~[;l1~n1~~m~1LU'WL,)~1t-1m~fl'W(p =0.331)

4.2.8 hi'V'l'lJ r1,)1~ LL[;I n (;]1-1"i1fl-1 r11 LL~niJL~t1~1 'WL~fl ~flti1-1;1trtl~1 rlC]J'Vl1-1~ti ~

L~fl~~[;I1~n1~~m~t1LU'WL,)~1t-1m~fl'W (p =0.105)

~~[;I1~n1~~n~LU'WL,)~1t-1m~fl'W (p =0.078) t~t1'V'l'lJ~1r11m~~1r11'W
I I It I I ""

L~fl~Vl L1J~t1'WLL1J~-1iJ;1LL'W,) t iJ~11J1 'W'Vl1-1 Vl LYl~~'Wn~1rifl'W1~tI1 TDF

(5.10 Lmtl'lJLVltl'lJrl'lJ 5.30 ij~~nf~(;]flL~'ii~[;I~ )

4.2.10 'V'l'lJ n1~L1J~t1'WLL1J~-1flti1-1;1trtl~1 rlC]J"ilfl-1~~c;l'lJt1J~~'W1'Wu~~1')~1'W

~lJ')t1~ L~1i,)~n1~~ m~1iOl1 ni-1~fl-1 n~~ L~fl L~1 ~ ~ [;I1~ LU'W~~t1~L,)~1
~ ,

t-1m~fl'W (p = 0.030) LLiJ~1iOl~hJ1"lln1~tJ~~~c;l'lJ"ilfl-1n~~fl~m'W1'W

U~~1,)~~-1 LU'W~')(tJ~~in"ilfl-1 n1n11-11'W"ilfl-1'Vifll[;1~~ ~1J n ~ n [;I1~ t~t1
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.,
[;]~'J!OlrJV1L~i1n5'1'el tiLklLn ru<jf1J n ~..

4 .2 .11 h JYllJ rl'J11JLL[;]n ~'Wl.l'el'l1JhJ1ru1J~IH~1'J:::L klL~'el V1'elti1'1iJoJ't1~1 ~'1!'VI1'l

~~ ~L~'el L'J'Cl1 L1J~t1klL L1J'Cl'lL1J!Ol 1n n 'el kl(j1Jm~~n~ LUklL'J'Cl1\-m L~ 'el kl (p

=0.477)

.,
im~ru:::~klJ1kl~1'11"lJ'el'l1J~:::"1l1n~ t:.J'Cln1~[;]~'J!Ol'Vl1'1~'el'l1J~lJ1in1~~1'11[;]'Cl'elV1

-rl'J'I~:::t1:::L'J'Cl1~vhm~~n~1 [;]'Cl'elV1!OlkloJ't1~1~ru'Vl1'l~~~L~M1JL~c;1'1[;]1~1'1~ 4. 1 tl'l 4 .2
~ .



Li"H'1

'111tJ

Lipodystrophy

23 (59.0%)

16(41 .0%)

40.03 ± 7.66

22.05 ± 3.64

7.01 ± 3.88

37 (94.9%)

2 (5.1%)

5 (12.8%)

34 (87.2%)

5 (12.8%)

33 (84.6%)

1 (2.6%)
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Cotrimoxazoie

NNRTI: EFV

NNRTI: NVP

Pis: LPV/r

)j'fitl~1~'lJ'i.l-3 CD4+ (cells/rnm''), [lOR]

5 (12.8 %)

34 (87.2 %)

21 (53.8%)

15 (38.5%)

3 (7.7%)

359, [234 - 448]

3 (7.7%)

31 (79.5%)

5 (12.8 %)
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~'ilm'i(;l'i,)~V1'-3

~~-3tlDU~n'~~-3~u')~1u

m'iAnH"

'V11-3t'4a~ 2

(p -value)

creatinine clearanc e "I1nn11

t;l1'l"l UI'l1'l1'l:: 24 i'lt~-3

(~ .~ .It.l1Vl)

109.40 [87.00, 121.80] 114.20 [88.00, 140.80] 112.40 [89.90, 129.30] 0.821

creatinine clearance "n nm 1 102.20 [90.10, 119.20]

R1t.l'lrut(;l tJ1-ii~t;l1 CGF ( ~ . ~ .1
~ ,

t.l1 Vl j;jtJ V1 t.lVl~'lmtJ 1.73 t;l 1~ . )

101.10 [82.00. 114.40] 100.30 [86.7, 117.20] 0.497

creatinine clearanc e -nnms 114.00 [97.00, 126.00] . 108.00 [92.33,1 28.29] 112.00 [92.93,1 27.20] 0.262

R1t.l'lrut(;l tJ~t;l1 MDRD (~ .'il .l
~ ,

t.l1Vl j;jtJV1t.lVltj'l mtJ 1.73 t;l 1~ .)

rhttl~1'l L'ii tJ~1t.lLfi tJ(;l

(jj ~flti i'I:j 'l 1L~ t.lyfj;jtJfl t;l1)

(~. n .l(;l .~.)

3.20 [2.90, 3.50]

3.90 [3.70, 4.10]

2.10 [2.00, 2.20]

3.30 [2.80, 3.70]

3.90 [3.80, 4.10]

2.20 [2.10, 2.20]

3.30 [2.80, 3.70]

4.00 [3.70, 4.10]

2.20 [2.00, 2.30]

0.667

0.560

0.105
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~fln1'i(;l'i';l"lVl1~ 'i:::tJ::L';Ifl1ih'ih~(;l(;l1)Jn1'iiilm:t1 utahfi'ty
~~~UDU~n1~~~~u';l~lu --2V11~flCl(;l

n1'iiilnH1
1

vlL~)J9iun1'iiilnH1 vlVlnL~~U (p -value)
Vifl1)JL~~U

f'hn1(;lfJ1~1U Lfltl(;l (~Jn.l(;l .fl .) 5.10 [4.00, 6.40] 5.00 [3.80, 6.30] 5.30 [3.40, 5.60]

0.078

rl1 FEP0 4 (%) 11.67 [9.50, 14.67] 12.77 [9.64, 15.92] 12.76 [9.00, 14.87]

0.361

rl1 FEK (%) 5.27 [4.25, 6.70] 5.58 [4.89, 7.91] 6.03 [4.93 , 7.64]

0.002

rl1 FEUric (%) 6.91 [5.59,8.82] 7.77 [6.67, 10.02] 7.95 [7.04,10.46]

0.006

creatinine 1WfltlCil ()J.n.l(;l.fl .) 0.76 [0.60 , 0.86] 0.77 [0.64 , 0.91] 0.76 [0.62, 0.90]

0.331

fj,\h;I1f\1uLfltl Cil (~ . n.l (;l. f\.) 94.00 [89.00 , 98.00] 94.00 [86.00 , 103.00] 94.00 [87.00, 103.00]

0.816

rl1iu1;ju1u1J~~1'l :: (nf~!'i'u) 0.06 [0.02, 0.13] 0.11 [0.03, 0.21] 0.12 [0.08, 0.20]

0.030

f'j,m~1tu1J~~1'l:: (~ . f\ . !'i'u) 1820.00 1890.00 2110 .00

[1500.00 ,2240.00] [1500 ,2800] [1600, 2530] 0.477
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'IJ'VI'VI 5

~~tJ~~n1'a1~t1 'fl.ntJ'a1t1~~ LL~~-n'flL~'IJ'flLL'IJ~ (Conclusion, Discussion and Suggestion)

5.1 ~'atJ~~n1'a1~t1 (Conclusion)•
" , ,

rn ~~m~nihrh'!n1~~mn"llil~LtJ~1'1'l-1\J1L~'el LWtJlJ LVluu e.J~ [;j'el'l-1tJ1Vl rn ~
, "

Vi 1'11'IJ"lJ'el 'lL(;l"'l1nn1~fm~1 ~h tJm ~1'WL'J f~ TDF 1'W~thtJVl ~~L~'el L'el ~~LL~:;~1 dJ'W~'el'lL~flJm
OJ

, " ,
~1'WL'Jf~ L~tJtJ~:;Ln'Wn1 ~Vi1'11'W"1J'el 'lL(;lVl~:;L~tJ ~~1 n~'Wn~1 n1~~m~nVl ~1'W~11'W [;j1 '1tJ~:;L 'Vl PI

, " ,
L~tJ L'Uyn:;'elti1'1U'In1~tJ~:;Ln'Wn1 ~Vi1'11'W"lJ'el'lvl'elL(;l'l'1'1~'J'W~'WLL~:;~ 'J'WtJ~1 tJ~'1 dJ'Wrn~~nM1LLm

"
~1~1nl~rtJ e.J~ m ~';)r.rtJ"'l1 nn1~MnM1L~ r;)'1iJ

, ""
1. ~thtJVl L~1n1~~nM1 Ln'ellJ'I'1'1'l-1~ ~~~ L~'el L'el~~"'l1nn1~iJ L~Pli~vr'WfinlJr1

OJ OJ

'W'el'W[;j1'1L~PI (37 ntJ ~'eltJ~:; 94 .90)

~ :; 87.20)

,
~1'W'J'W~~~ ( L6Jl ~;[;j 'el ~ nlJ 1 P1 nn~~ L~ (;l ~ )

OJ

~nlJ1P1nn~~L~(;l~)
OJ

(359

5. m~1'WL'Jf~L'el~~~H1'Wn1~fnM1i'J~nlJm TDF ~'J 'W1'l-1 '1J dJ 'W non-

nucleosides reverse transcr iptase inhibitors (36 ~1tJ , ~'eltJ ~:; 92.31)

6 . hj~lJn1ntJ~tJ'WLLtJ~'1"lJ'el'l r11 creatinine c learance 'elti 1'1iJl!tJ~1 ~'1J'Vl1 '1

~ ii ~ d~'el LWtJlJ LVltJlJ L~'el LWtJlJ LVltJlJ~:;'l-1~1'1 ri'el'W~~ n1~~nM1nlJ~~1~

L~'el'W , ri'el'W~~m ~~nM1 nlJ~~:;tJ:;L'J~1'l-1 m~'el'W LL~ :;~~:;tJ:;L'J~1~1~ L~'el'W

nlJ'l-1m~'el'W hj~1"'l :;L~tJ';)fiLrilJU~~1'J:; 24 -i'JL~'1'l-11'el';)fin1~~1 'W'JruL~tJH
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~LJl~ Cockroft-Gault formula ~1'el MDRD equation 1'lJ~tJ'J£J~1~f1Jm

TDF

7. hiVi1Jn1ntJ~£J'lJLLtJ~~hj~,"h~~(1ltJn~"1I'el~~1"11'el~~1nn~'elLLi"llU(1l[;h~1 '

~1i(1lfi'J'lJn1~i'1J~ 1~ (fractional excretion) "1I'el~~1~yj'el ~LyjLJl LL~:;~1~

ttJ r;i'~ L~mJ ~'J~t1~1.fhJ1ruu~~1'J:;[;]'eli'lJ'elti1~i1tr£J~11"l qj'Vl1~ l"1~Un LLiJ~1

"'l :;Vi1J~1i1i(1lfi'J'lJn1~i'1J~1~ ttJ r;i'~ L~m.J LL~:;m(1l~1l"1 LJl~'el (1l"'l'lJttJ~~'lJ1 'lJ
I I I I ""

U~~1'J:;YlLtJ~£J'lJLLtJ~~ltJ1'lJ'Vl1~YlL~~~'lJ'elti1~i1tr£J~11"lqj'Vl1~~ ti~ LL[;]n1~
, ..

LtJ~ £J'lJLLtJ~~i1ri~~'elti1 'lJ'ji'J~ ~1tJ n ~ LL~:;hi"r111~~:;~1J"1I'el~~1~~~ n~1'J1'lJ
'lJ

L~'el (1l LtJ~ £J'lJLLtJ~~ LJl1~1il ~'J £J

'Vl(1l~'el1J~'J£Jfjfi short ammonium chloride loading test
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5.2 'el;hJ~1t1l:J~n1~1..rtl (Discussion)

e, I '" d." '1. I "'.'15.2.1 'el11l.J~1t1"lJ'el3J~'VI'J b1.J"lJ'el.:Jl:J1.J'JtI.. ..

vhH1'W"Jl'J,m~niJ~tJ'JtJ~'el'elnr.nnnl~~mj'lhJ~'l 4 ntJ (~'eltJ~:; 9.10) u~:;n'elUrlU"Jl'J'lL'J~1.,

n1~~ n'rtl~ i'W~'lm'"l i1~ ~1~ (;l~'J'"lhiYiu A'Jl~~ [1)U n ~"lI'el'l m ~Vil'lI'W"lI'el'l1.(;l1'W~thtJ~1.~fum.,

~thtJ~1.~fum TDF 1'WnI~~n'rtl~~'J'W1vm.!Lu~tJ'W~IH TDF Lti'el'l'"llmn[1)Jll'J:;

lipodystrophy '"llnnl~1-iim~h'W1.'Jf'i'l~(;ln~~him~Ai'J~"vI1'elnl~1-iimi'J~~'"l:;i1~~~'elnlnn[1)
~ I I ~

Jll'J :;LLVI nsjf'el'WVll'l1.(;l~1 n~'W hii1m n1~~ [1)U n ~~'W1V11'l A~UnyhJ'l ~'l n1~~ [1) L~'el'U'JtJ L'el n1'i'l
'" , ,

~1'l1 (;l~'J'"lhiYiUL~'elbf'i'l1'Wm:;LL'i'lL~'el[1) LL~:;i1rh~fitJ~I'W"lI'el'l~I'W'J'W~~~L'U~tJ 3 59 L'll~;~'el

~nul Pln~~~ L~ (;l~ ~'l'el~1 'WLn n.!-nfo1'el'W;I'l~'l ~'lU'"lroltJ ~1'l1;1'l ~'W'ell'"li1~~ ~'elnl~-Wl ~~

n1~~ n'rtl1.uu ~:;tJn (;l1-iiVll'l rl~Un1'WLL~"lI'el'l A'Jl~ LL(;l n ~1'l rl'W"lI'el'l n~~u~:;"1l1 m~'l'"l:;i1 rl'Jl~

'\.I~1 n'\.l~1 tJ"lI'el'lU'"lroltJ~m'"l ~'l ~~ ~'el rn nn [1)Jll'J :;LLVlmsjf'el'WVlI'l1.(;l1.~

'" ,
5.2.2.1 '"llnnl~~n'rtli11.~YiUA'Jl~~[1)Un~"lI'el'lm'hVlnl~Vil'lI'W1.(;l'elth'li1trtJ~Ir1'1JVll'l

A~Umlnnl~Hm TDF 1.~~I'"l:;LiJ'WnlnU~tJ'WLLU~'l"ll'el'l'ei'(;lnnl~m'el'l"ll'el'l1.(;l n1~Vil'lI'W"lI'el'l

Yi'el'\.l~'el [1)1.(;l~'J'W~'W LL~:;n I~Vil'lI'W"lI'el'lYi'el'\.l~'el [1)1.(;l~'J'WU~ltJ LLiJ~I'"l:;YiU~Ii1l [1)~'J'Wnl~iu'i'll~

LU ~'i'l L~tJ ~ LL~ :;m[1)~1rl (;l~'el [1)'"l'WLU ~~'W1 'WU'i'l 'i'l1'J:;~ LU~tJ 'WLLU~'l1.u1 'WVll'l~ L~~~'W'el til'li1
, '"

trtJ~1 r1bUVll'l'i'l~ ~ LL~ m nu~tJ'WLLU~'li1n~'l'elti1'W"Jl'J'l fo11U n ~ LL~:;1.~Vil1~~:;~U"lI'el'l'i'lI~~'l n~I'J
~ .,

'" I I '"

n1~~n'rtli1n1.~1.~rl'JU '1~U'"lroltJ ~1'l1Ylm'"l~'l ~~1~i1 nI ~iU'i'lI~~'ln~I'J'el'elnVll'l1.(;l LY;~~'W LLiJ~1

i1rl'Jl~ LiJ'W1.U1.~~'"l:;(;l~'J'"lYiU A'Jl~~ [1)U n ~'\.Il nVi 1n1~~n'rtl1'W~thtJ~I'W'J'W~1n~'WLL~d~h.,

~ [1) (;l1~ LiJ'WL'J~I'Wl'W~'W ~ ~ n1~~ n'rtl~1.~'"l1 n n1~';jroltJ~'i'ltrU'i'l~'W'lI'W';jroltJ;I'l ~'W'\.I~ ltJn1~~n'rtl

~1.~fo1'eltJYiU'e!u'1inlmr"ll'el'lninn [1)Jll'J:;LLVlmsjf'el'WVlI'l1.(;l'"llnnl~1-iim TDF L[1)tJ L'UYil:;'eltil'l~'l

'\.11 n rn ~~n'rtl1'W'l1 'W';jroltJ VI 1'lrl~Uni1n1~U~:;L~'WnI~Vil'lI'W"lI'el'l1.(;l'eltil'l ~ :;L~tJ [1) LL~:;~ [1)m~
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"1I"W'l(?lm TDF [;]'l~I"l'J'l~LVI~'l:;~~niJ~thtJ 1Ol:;'V'I iJ~'ln'l~Hm TDF ij l"l 'J'l~ L~tJ~~'l (lh:;~ 'l ru
", ~

~tltJ~:; 1) Vh:;Ln(?lIl'l'J:;LL'Vlmen'el"WYI'l~'l[;] (5 5) LL~:;c.J~n'l~~m~nilhJ1"W'Vl'l~L~mniJn'l~~m~n

~'l~(?IL(?I tJ Gallant LL~:;l"lru:; (56) ~~l1'ln'l~~LI"l~'l:;.x~thtJlOl'ln~'el~ n'l~~n'l=t'lA'el Study 903 LL~:;. "

Study 904 ~'l"W'J"W 1111 ntJ L(?ImmtJiJLVitJiJn~~~'l~fiJmTDF (556 ~'ltJ ) niJn~~I"l'JiJl1~~
I ~

'l~fiJm NRTI "ll 'W (?I~"w (555 ntJ) L (?ItJ "r1~ ~'el~n~~'l~fiJm ~'l"W'l'J f~ 1'J~Lll "W efavirenz LL~:;.
lamivudine V11'el emtric itab ine Lc.h ~(?I[;]'l~'lu"W'l"W 144 ~U(?l'l.x L(?ItJ ~rU'V'liJll'l'J:;LL'Vlmen'el"W'Vl'l~

, I ~

1[;]1Ol'lnmiJ'eltJ~'l n L(?ItJ'V'I iJ ~tJ'JtJViijmnYi~~"W"1I'el~,,11 1"l1L'el ~il"W1"W~f~V11 'elll'l'J:;~'el~ L~ [;]1"WL~'el (?I
"

I ~ I

~'ln~ 'l 2 .0 ij~~nf~l'i'elL(?I:n~[;]~iJ'eltJ n~'l~'eltJ~:; 1 1"W~tJ'JtJ"r1~ ~'el~ n~~ LL~:;ijn'lnU~tJ"WLLU~~" .

I '" I I

n~V1~'ltJn'l~~n'l=t'l'V'liJ~'lijl"l'J'l~L~tJ~~'lnn~'lU"W L~'el~IOl'ln1"W~~[;] 1Ol1~~tJ'JtJVi1~tJ'lijl"l'J'l~

V1~'l nVl~'ltJ1"WulOl{tJVI~'ltJ1 ~'l"W L(?ItJijn'l~ntJ~'l"Wi[;]nn'lnn (?Ill'l'J:;LL'Vlmen'el"W'Vl'l~'l[;]IOl 'l n rns1en
~ I

tn TDF l?1~LLl'ihj'V'l iJL~tJlOl "Wn~'V'I iJ~'el tJ~:; 1.9 (55) ~~I"l 'J 'l~V1~'lnVl~'ltJ"1I 'el~ 'el iJ1in'l ~run'l~ Ln(?l
~

1l'l'J:;LL'Vlmen'el"W'Vl'l~1[;]il'el'llOl Ln(?llOl'ln'elI"l~l'i'l~11~LLri surve illance biases , recognition biases

~'J~ n~ n'l~"1n (?I ~ 'l'Wm~ "1I 'el~ Il 'l'J:;Yi'l=tl'i'el1[;]1Ol 'l n ms1~m~i(?I LIOl "W
, ~

1"l'J'l~ LL[;] n l'i'l~"1I'el~ c.J~ n'l~~ n'l=t'lIOl'ln~'l"W~{tJVI~'l tJ1~'l"WVi ~'l"W~'lil'el'llOl Ln(?llOl'lnUIOl{tJ

V1~'ltJ'el th~ A'fl (57)

1. n'lnU~tJ"WLLU~ ~"1I'el~V1iJ'l~ n'l~l1'l~ 'l"W"1I'fl~1[;]'fl'l1Ol Ln(?I L~ niJ'fltJ~'l nlOl"Wn'l~[;]~'J1Ol

~'WlOlitJ'Vl'l ~~'fl-:lU~iJ1i n'l~~1 ~'fl~ Lll"WU~:;~'l L"ll"W rl'l1"l1L'fl~i:1"W1"W~f~hi~ 'l~'l~CliJ'el n

1~ ~'fl-:lHn'l~[;]~'JIOl~'WlOlitJ~~:; L~tJ(?I;"w L"ll"Wn'l~1'(?Irl'li[;]nn'lm~'fl~ "1I'fl~1[;]

(glomerular filtrat ion rate , GFR) ~~ijl"l'J'l~1'J1"Wn'l~[;]~'JIOl'V'liJ 1"l'J'l~ ~ (?IU n ~"1I'el~1[;]

~ """.l'
~(?I(?I"1I"W

2. V1~'ltJn'l~~m~n~1~l?1(?1~tJ'JtJ~1~fiJm~ijc.J~l'i'fln'l~l1'l~'l"W"1I'fl~1[;]1'J~niJm TDF
"

~

~tJ 'J tJ ~ "W

3. m~'l "W1'Jf~ L'fl(?l~~~tJ 'JtJ1~h~niJm TDF 'el'l lOl ij c.J ~ l'i'fl n'lnn (?l c.J ~~ 'l ~L~ tJ ~ l'i'el n'l~
"

l1'l~'l"W"1I'fl ~1[;]~'JtJ ~~L"ll"W mn~~ protease inhibitors L L~ :; didanosine

4 . 1l'l'J:;LL'Vlmen'fl"Wl'i'fl1[;]'el'l1Ol ~~~"WfiniJ~:;tJ:;L 'J~'l~ ~tJ'JtJ 1~fiJm TDF L(?ItJ'V'IiJ~'l
"



67

" , ,
5.2.2.2 ;'a~"ll'a,,'J m~~m~nilYiL~;j'a n~"1n1~~m:t1~'l.! l~LLri m~~n~1 LtJ'l.!LLUU"llUl?llil

, " ,
;1,,'JWtJ1 ;j ms1~ ~1UU1~Yi;j f1,)1~ L'"l1~'"l,,'J~1n~'l.!r1'a'l.!Yi'"l ~~,)u~,)~ lJthu LL~~m~j;)~')'"l ~l?l j;)1~

'lJ

5.3 i'!lL~'U"eHL'U~ (Suggestion)

5.3.1 i'!l~"lI'!l.m1'i~m~1 (Advantages of the Study)

5.3.1.2 ;jm~1~~1Um~~fl?ln~1'l.!LL~"ll'a,,'Jm~~')u~')~lJthm;1m~~n~1LL~~m~1~~1
• 'lJ

" ,
Um~L:n,,'JuDu~~1n~'l.!n~1m~~n~Yi~1'l.!~1

5.3.1.3 LtJ'l.!m~~n~~u~~dj'l.!wu1~m~Yi1,,'J1'l.!"ll'a,,'Jlj;)'Vl1,,'J~'a,,'JuDu~m~1'l.!'Vln1~1'l.!
" , ,

'ati1,,'J~~L~U 11I tl?lm,)~l1,,'J m~u ~~Lij'l.!~{J1Yi mn11,,'J1'l.!"ll 'a,,'JYl'alj;)~,)'l.!~'l.!LL~~Yl'a lj;)~,)'l.!U~1U ~,,'J

LtJ'l.!m ~~n~ LLm1ut~n

5.3.2 i'!l~1nj;)i.'Un1'i~m~1 (Limitat ions of the Study)

" , ,
5.3.2.1 m~~n~1ill~r\l?llJthuYi;jf1,)1~L~u,,'J(;]'amnnl?lC-J~;1,,'JL~U-.'l'Vl1,,'Jlj;) 'a1~ J11,)~

'lJ

, "
LU1~,)1'l.! m~;jhf11j;)'ati L~~ msl~fumYi;j C-J~'Vl1,,'Jlj;)i')~ riurn ~1'l.!1')f~'a'a nlur1'a'l.![;f,,'J LL(;]~'l.!

'lJ

" ,
;,,'JU'l.!t 'a m~Yi'"l~Ylu f1,)1~ ~ l1IUn~'Vl1,,'Jlj;)'"l~~ l?l~,,'J

5.3.2.2 1rU~mnUmnnl?lJ11,)~LL'Vlm~'a'l.!'Vl1,,'Jlj;)'"l1nm~Hm TDF ;j~,)'l.!l~vr'l.!firlu
I I '" I

~~U ~ L,) ~ 1 Yil~fum TDF ~ ,,'J 'a1'"lYi 11~ C-J~m~~n~1ilhj'Yi1J lJthuYiLn l?l f1 ,)1~ ~ enl n~"ll 'a ,,'J rns
'lJ

, "
Yi1 ,,'J1'l.!1 j;)'"l1nm~HmL;j'a,,'J'"l1n~~u ~L,) ~11'l.!m~~n~1 l'l.!
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" ,
5.3.2.3 n1~~m~1 -niJ ~1'lJ':lkl~thtJYihiLrm1~¥1Jn1~¥nWl~':ltJm~1kl1':l¥~~1ri'elklL;1

"
"

i':l~n1~~m~1,'J'eltJ LL~:;n1~~m~n-n~thmhkl1~ru1~¥1Jn1~¥m~1~':ltJm~1kl1':l¥~L'el~llkln~~
,,~ .

non-nucleoside reverse transcriptase inhibitor dJklmi':l ~ Yi11~hi~1~ 1 ~t1 ,j1 1:.J ~~1~hJH

n1Jn~~~tJ':ltJL'el~~~hiLl"ltJ1~¥1Jn1 ~¥mn~':ltJm~1kl1':l¥~ ~1ri'elklLL~:;~ thtJ~1-iim~1kl1':l¥~1kl. " "
, " ,

n~~ protease inhibitors LUklm i':l~1~ ~'.:Jn1~~ mt1i1iJ~tJ ':ltJ Yi1-iim~1 kl1':l¥~1kln~~ protease

"inhibitors LYitJ..:J ~1~~1mvi1't!kl

5.3.2.5 n1~l'l~':l'"l~ 1ri1l"l':l1~Ej~un~Yl1..:J1l'l L-Dkl n1~l'l~':l'"l~1Ln~'elLd[;h:J1 ijl"l':l1~~kl

LLu ~nkl1uL kl-D':l..:Jikl LL~:;m'"l ij~Ylfi~~'"l1 mJ'"l{w11tJkl'elm-Dkl n1~¥1JU~:;Yl1klm~1~ L;1m

tenofovir disoproxil

fumarate L~'el ~~l'l1~Lkl~:;tJ:;ikl1kl~thtJ~n1~vl1..:J1kl"1J'el ..:J1l'l'elti1klLnCW"l'lU n~ ri 'el kl~~m ~..:Jm'"l
" "

~ I ~ I

vl1L~m n~1~ ~ l'l1~Lkl~th tJ L~~1i1vl11kl-D ':l..:J L':l ~ 1 Yi vi 1 ..:J ~ kl1~ L~'el ..:J '"l 1 n~th tJ~1 kl':l kl~1nLkl
" "

I I I '" '"

m;..:Jn~1':l ri'"l:;~'el..:JiJ n1~l'l~':l'"l ~ ~ l'l1~'elti1..:J vl'el L~'el..:J LYi'el L~1~:;i..:Jl"l':l1~ Ej ~U n~Ylm'"l Ln~~kl~..:J LLvl

LLm~~ LL~:;iJn1~U¥1J"1Jkl1~ml'l1~l"l':l1~L~~1:;~~1kl~tJ':lmLvl~:;ntJ
"



69

5.3.4 n1'iPin~"hJ'EI'U1F1U1 (Future Directions)

5.3.4.1 J'H·1~~'el'ln1m1~~m~1~LmtJ1JLVltJ1JnI~Hh_n tenofov ir disoprox il fumarate

rl1Jn~~ A'J1J A~~yh 1'lJVI~ 1tJ~C11U'lJ ij n1~n1V1'lJ£;l ~11O'h rl£;l A'J1~"JJ'el~ n1nn £;lJ11'J:;LL'Vlm.jj'el'lJ'Vl1~• •

5.3.4.3 ~'el ~msn 1~~mn~LmtJ1J LVltJ1J~~~1~ L~tJ~"JJ'el~V1tJ1~ m ~"r11~1'lJL(;J/Ol1 nrnrloil

m~:;V1~1~n~~~ijnl~1oilmi'J~rl'lJ"lJ'el~ TDF/3TC/EFV LmtJ1JLVltJ1Jrl1J TDF/3TC/PIs Ld'el~/Ol1n•... , ,
n1~~m:n-nijlJlhtJVlloilml'lJn~~ Pis tJ'eltJ hi~1~1~C1-W1~~VlL~hhh:;tJn (;J1oill'lJnni1l?l~n~1'J L~., . .

... , ,

n1~~m:n-nhiL~-w1~1~LAn:;oXLYJ'ell~~1~1~C1-W1~'el~~~11h:;tJ n(;J1oil rl1J1h:;"ll1 m'Vl'Jhj'Vl1~., ,

, ...
LU l'1~ L~tJ~Vll'lJnI~~ m~n-nLn'el1Jij A'J1~ LL(;Jn [;]1~ rl'lJ'Vl1~~ Ci ~

5.3.4.5 ~'el~ n1~n1~~mn~ijn1nmtJ1J LVltJ1J~:;V1~1~ lJlhtJ~ijJ11'J:;l'1mrnL~1JiJi'J~ ~'JtJ.,
, , ...

L£;ltJij n1nmtJ1J LVltJ1J rl1J ~lhtJVlh.iijJ11'J:;l'1mr m~1JiJ L.w'el~/Ol1 nmsHm TDF ij~'el1i~~i£;l L/Ol'lJ
I I 1.1 II

1urns1~LU'lJmVlinL£;ltJ1~i'J~ rl1J 3TC LYJ'elVl/Ol:;t'n~1'Vl~J11'J:;l'11J!ln L~1JiJ bb~:;n1~~ £;l b~'el b'el"llL'el~

LU ~'JtJ rl'lJ L£;ltJJ11'J:;l'11J!ln b~1JiJ riij~1m1'lJnlnn £;l n1~"r11~1'lJ"JJ'el~ L(;J~~ £;lU n~1'lJlJlhtJ1J1~ntJ.,
I II '" I

~~ bn£;l/Ol1n l'1'JL'Jt'~ l'11J!lm~1JiJb'el~ l?l~l!'lJnI~Hm TDF 9~'el1/Olij~~~1~b~tJ~'Vl1~L(;J~1n~iJL~ ~~
... , ,

/Ol1 nn1~~n~1-nhJ~1~1~C11~~1 (;J'el1JL~ b.w'el~/Ol1 nh iijlJlhtJVlijJ11'J:;l'11J!lnb~1JiJi'J~ ~'JtJ.,

5.3.4.6 J~A~~'el~n1~n1~~n~ijnl~(;J~'J/Ol~U/Ol'ti'tJ'Vl1~~'el~ulJillinl~~dJ'lJ~1(;J~J1iJbb~:;

ijA'J1~L'J~~1urn~"l!'JtJ~U/Ol'ti'tJ n1nn £;l A'J1~ ~mln ~"JJ'el~L(;J (;J~'el £;l/Ol'lJijn1~~n~1 ~~U/Ol{tJ~~ b~1~
I '" I I

[;]1~1Vl'el1/Olij ~~ [;]'eln1~~ n~1~'J~'Vl~ n1~~ n~1'Vl1~TIiJ~P\1~ (;JfbYJ'elVi1U'lJVl 'el1/Ol ij~~L£;ltJ (;J~~rl1JnI~

bn £;lJ11'J:;bb'Vl~n.jj'el'lJ'Vl1~ L(;J/Ol1 nn1~1oilm [;]'elLuliJ'eliJ1l"1 (;J bd'el~/Ol1 n1iJU/Ol/OlUiJij n1~~1J,



70

ABCC4 ~'Hih..l~'ILLVI'l..!'l"lJ'fl'l MRP-2 LL~:; MRP-4 (;l~'fl(;)~'I..l~'ILLVI'l..!'l SLC2A11 ~'HiJ'I..l~'ILLVI'l..!-:J

"lJ'fl-:J OAT-4 ~-:JJ1'1,):;Lmhd'~:;iJ~,)'I..ll'ihn(;)r1,)'I~~(;),jn~'Vn'lL(;l~'Inm~Hm TDF L'lI'I..l mswu

,1'1 (;l'l~V11'flyj'fl~ Lyj (;If')'fl'fl n'Vl'l'l1J~~'I,):;~usn [;]'I-:J tl'l..lL,j (58)
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Demographic Data

Sex

M (1)

F (2)

Case Number Initial _

Age years Marital status, _

Body weig ht (kg) Body Mass Index (BM I) _

He ight (m) _

Baseline Clinical Data

HIV exposure category

(1) Reactive

(1) Reactive

(1) Positive

(2) Negative

(2) Negative

(2) Negative

_ _ _ _ _ _ _ _ copies/ml

(2) Negative

_ _ _ _ ___ _ copies/ml

(2) Non-reac tive

(2) Non-reactive

Date (dd/mm/yyyy)

(2) Heterosexua l

(4) Blood Trans fus ion

Syphilis serology:

(3) IVDU

(5) Others (speci fy)

Date of first pos itive HIV tes t: _1_1_ _

Duration of HIV infection : __ yea rs __ months

CDC clinical category (1) A (2) B (3) C

Hepatitis B serology: HBsAg (1) Positive

An ti-HBc (1) Positive

Anti-HBs (1) Positive

HBV-DNA

An ti-HCV

HCV- RNA

VORL

TPHA

(1) Homosexual

Hepatitis C serology:

Immunological and virologica l data

Basel ine CD4 cell count ce lls/ml (_ _ %) before HAART

Baseline HIV-RNA copies/m l (log _



ARV Medicat ions:

ARV experienced (1) ARV Na"ive (2)

ARV medications Date of initiation (dd/mm/yyyy)

79

Name Dose (mg/d)

Reason for Tenofovir use:

Date of Tenofov ir Initiation (dd/mm/yyyy): __1__1__

Dosage of Tenofov ir (mg/d): _

(1) Initiate HAART

(2) Previous ARV adverse events

(3) HIV and HBV coinfection

(4) Previous ARV failure

(5) Other (specify): _

Concomitant use with Pis : (1) Yes, (2) No

01 medicat ions

01 medications Date of initiation (dd/mm/yyyy)

Name Dose (mg/d)

Other medicat ions

Other medications Date of initiation (dd/mm/yyyy)

Name Dose (mg/d)



Renal function:

Renal funct ion (dd/mm/yyyy) (dd /mm/yyyy) (dd/mm/yyyy) (dd/mm/yyyy)

Serum Creatinine (mg/dl)

Urinalysis:

Proteinuria

Glucosuria

Sediment

Serum Phosphate

FEP0 4 (%)

Serum K+

FEK(%)

CrCI (ml/min)

- MDRD formula

- Cockcro ft-Gault formu la

Urine ac id ificat ion test

Water deprivation test

Others
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