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b bk ARE AR Y A L Z (human immunodeficiency virus : HIV) @ & 4% | R £k &= 72 [
BTH2, HIVEFRHEZ, BEN3OT AN #HEZINATED 1), =4 XBEHEEEBIC X
2B HEKTON NI DIX S (1), 15 5 47 2 5% B (World Health Organization:WHO) % &
CEEEBEZ D LEEI R EESFE T A X E (Joint United Nations Programme on
HIV/AIDS:UNAIDS) Ti&. HIVIZBI L T, 2020 F £ CTICH B ERE B L 0 = 4 X B %
BilrkazEz 2z Zzn0 AU TRIMZAZ 28, 51T, 0%D EEE D H B O K
A D, BBLALZEREOIORBBE LTV, BEEZERL 2 EREHE OIOUTIHEZ
B X85 2% HIE(90-90-90 goals) ¥ L TED 722 HIRTER I 5 0 HIEDEK
DLV EIN2D00, EFRERBEORMIELEF T EALBR. EH o fhn
METHo-BEL IR IETEHHCHEELZEIZ L PE I LS T A6
"D DODOH B,

HBROMTANZAEEEF, PR CDBEREDINT T RIBEEIREIBLL T
B2 A+ RBEEIZ. A XORIEVRZE2ED B L b, EAHMMEY 4 L2
DRAETEREZED S & Volktitid H 23 W& A1+ R ia%E o EA % 4
LWZAEWEP L, SORBEMBEDPET T2 Vo EBEREZDLZLTAEEDLD 5,
BHRMROLEOKRANMBRIEICIE., FHEAOBMAELE 025, EANME 2 S
LR T WVEWSHIVOME L HEBEEL ST I2LEND D HEO N F LB A
HLEFEEFS>TWVWL I, HEXNDZRAEARBENAHEIFAEL & 5,

COVoBER»L . HEHI. MEOEFONENLMNANER L E X, ZOHE
MPEEHELARALTRAET 22D, BREHFORZRCHEHHAIAZ Z R
BoBIRLIYOX v E2RELELTBLLIEBLICPHOEAME YAV ZAEEZEAD
BREBOMIZIE WS 7B - I 7 00MHAE2LDOMAPILELE R, MiHFIZBL
TR .HBEETAZHVWSE T, MRAARESNTELENICER ZERKAROD
MREMAEL. HRBICH T2 ERMNRMNEAREL T2ET AR =X XEHIEE
BAL.LIAYZRBBEL2OZHNICHHML 2, BF BV TIEZ., v 412D FEA
MHECESCHEINBEROERICAT T, BELAEAVALVADMEZEVWHETT
Wz ez2WMHL.ZVAEDOUBRMECERZDTT, ZoMEICHE DS AH
A NEREHAAAZEMEETE T VOMELZHA L,

UTF, —HebkkbAMRETHELILLZAMA IOV T@wmAT 2,
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PLHIV 1A ¥ 12 1 . Nucleoside Analogue Reverse Transcriptase Inhibitor (NRTI) & Non-Nucleoside

Reverse Transcriptase Inhibitor (NNRTI) % & i ® Ny 7 R — > ¥ | Integrase inhibitor (IN-
STD). Protease inhibitor (PI) ® W3 b —FE D X — F Fv 7 5 6 7% % Z Al HEED
HFHIATWZ, RENARY AL ZHENE., PIEBRIEOERIEETH 2 Z & 254
LNTEBHUA.NNRTITH 2T 77 L UV IEFHE—-BROF—FIv 7 L TREM
XN TEZ[B,6l L2AL.INSTIO =D TH2 FILT 77 EALNB3FICEKRBI N,
2 H FE 722w S5 BT, Department of Health and Human Services (DHHS) & European AIDS
Clinical Society (EACS) " KA T 7 2 ¥V L2 —BIRDF—F 972 L CH#HRET 2 X
5c:7;of:m ZOMR, 7Ly VR, AEETREBLAYERHIARL Kotk

VEERBEENREHICID, KERLE2EOHEASATREAERZCZLD
77tvy‘yipﬁﬂﬂéfa'tm‘étmafﬁ#ﬂiyﬁi‘zﬁémo%B@&Tﬁﬁﬁ@%%ﬁ(\i\fﬂo) 73
F—FIvZ7 LT I77E LYY EDDBRAT IS EALEZEBENCHERT 2 X 54

B 2 X510k ld, YESMEDEBBED Z L TH 28,

FLF 7LD F—=FI9v 7 LTOREMBER. PRXATT4v 7 L E2a—RZOD
fEATIC Ko TEFE X T & 7/, Rutherford 5 [9] &, FIHIVIEHE KRR O A B E %2 R
WL FRALTZIEAR=—ZADLI AV EZIZ7ELYIYR=-—ZADLI XA YDOAEMYESR
T2 X XBHEfTo TORR. FALT 773V AR—2DLIXUP, FH
oA ZME, EHHMEOEREORS, AEOEEOR I L okt d TERLTL
52D RENT, LA L. Rutherford9] & D X % 7 F 1V ¥ R F220 QKA DO A %
MR LM ZSOWBED, Mmr Bl ot RFMARI N ds v
WV,

CHLAEBEROFT.BENICRERZ T — X2 2MAWNICIK S 2 & 5T E 3 Model-based
meta-analysis (MBMA) [10, 11] % f@#HTiCHH W2 Z 2 & L7z, MBMA X, iGN R %2 K o
e L TETAMLT 2T . ]ERE. BB, 3> 70 v KB ORR 2 EKR R
ODEHMEMAEL. ERBNLMBNZAfEr 75, AFETIZ. MBMAZ AW T, BEfF O F
RFETEHRETERPOLBEROBRABOT -6, FALT I8N, 277
PLYYVOELIXAVYORMED K ZITo7,



-1 5F—420DRE

HE IR 3t B 7 — & % 1X . Pubmed. Cochrane Central Register of Controlled Trials (CENTRAL).
clinicaltrials.gov D @ 7 — Z R =2 b WBF L, B OM X 2z WME T 2HMEKY — F
. PV 7 72 B i iE Rutherford 5 9] D & . T 778 L ¥ Y IZIE Kryst 5 D & X [12]
THRHINATWE Y7 - FZ2MAHALL, BEEORERX. 2277 NV F Ty 7 ic &
SWTIfok, a2 53Ny F v 271313, NET 2 F— 22 HELT 27-DDa >
7P EEDLDBDOTHH, AMATE. FIEREDOL I X Yotk EAifZIc, UT
O R 2 BRICE D T,

e HIRIRBD FH A4 v iF., v X afbitiikBrTcdH 2 28
e 17— 210ANMUTOERABZRL 2k

e BMEWX. BERHERBOLRVIGEU LOHIVEREZETH DL Z 2, 277 L. &%
PHELTOVLIEERTIEFRFOEREZRLS Z L

o MR E R DHUIMEMEED L Y X ¥id. dolutegravir (DTG) + abacavir (ABC)+lamivudine
(3TC), efavirenz (EFV)+ABC+3TC. EFV + tenofovir disoproxil fumarate (TDF) + emtric-
itabine (FTC). EFV+TDF +3TC O W3¥h»ThH % Z &

e IBEHEANRIX, M DY 4 )L 2P E D50 copies/m LU TFTDOEHZDOH G THMENAT
w3t

IS DOHEEREICES WL %, PRISMAY 4 FF 4 ¥4, Figure.l IZ /R 3 F
JIEcHt L7z, 2 @R, Pubmed, CENTRAL, clinicaltrials.gov 2> & £ & & 1 7= 51 2622 #
DX o, REMICIAHROM XY BRI W, ACLEARABLZHE LTV DD
BECOBMLTEBINALXMOEEZHIBR LB L ZAE, Table 1LIC/R T 5300
BRI B T — X 2318 & L7z [15-45),



E Records identified through Records identified through Records identified through
g Pubmed search n=1415 CENTRAL search n=1105 clinicaltrials.gov search n=102
g | |
=
L
= k.
=
Records after duplicate
removal n=2288
op -
.E 3 Records excluded after title and
g Records screened n=2288 abstract review removal n=1432
o +  Noteligible for the patient criteria of
W mterest (HIV -infected, therapy -natve,
> aged =16 years, not pregnarnt, not
tuberculosis co -infected) =495
Not relevant mterventions n=184
. Not RCT studies n=337
k Not relev this review n=216
g Full-text records assessed otreevant fo s revew =
ﬁ for eligibility 1=856 Full-text articles excluded after
= full text evaluation n=752
+  Noteligble for the patient criteria of
mterest =68
¥+ Notrelevart nterventions n=132

Not relevant efficacy outcomes =229

Not RCT studies n=155
T 1 Unavailable for fill texts =133
= . . Missing or limited in data n=33
% Studies included in model - meor o
| base meta- analysis n=104

Figure 1. PRISMA statement 2009 flow diagram. The diagram depicts the selection process of
studies undertaken in the present meta-analysis. Reasons for exclusion are provided along with their
relevant counts.
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[2ETILOBESLIUREL

BRDRZ, BR - RXRICCE->TREHNICEF L. BEST 2 eRELT. LT D
ANTRHdB L., ERMBPEEHRET VBN ZITo%,

E(1-E)

E=E + N X € (1)
E=Epnay- (1 — e kor(t=tiag)) . g=ha (t=tiag) (2)
ko = ko X €Mo (3)
kg = kg x e (4)

FE : Drug effect

Frae : Maximum drug effect

ko : Rate constant describing onset of drug effect
kq : Rate constant describing decay of drug effect
N : Number of patients in the study

tiag : Time lag of onset of drug effect

Nko, Ny © Inter study variability

€ : Random residual error

R OMREEINLEL IR DT X =X ETable2D @Y TH 2, T LI
FoTHEEINLTFHEO T rn 774 V2N RT 2 NWEEI XS La—-—RAT =X
&< 749 LTV (Figure2), & 512, #E ¢ 7 X — & D computer-calculated standard
error ICEDEF, EY T A EQ00E)ZHMAHAL T, X4 43— X090%(E 8 X H %z K
iz, RMOTF—2F, BACINEEXBICEENA, FHYEEZHLE LTHEFE
L TED, 32 —varvN—20EFET LD FHEEOFMED —2>TH 3 H
Y% T 0 BE B i (visual predictive check) O #& RIF R4F T Ho7z,

Table 2D B L I X VDMWE NI XA - R E2HET LI LT LIXVOHMRZERDN
WHlfli 52 2D TELZ, ®BRRDODBEIREZR T Epee 3. LI X IOV TIEL
AEEDBE o, BBENRRBRHEEZ LT L EBNAE. FPALT 758 R=-20D
LIRXRYDPZIZ7E L YYR=ZADLIRAVEDDBREDPo, —H. BENRBE
HERRTEIF. 2B, 2958 L Y IYR—ZDVLI XA YDBREDLo, 2L DX

Q\O



SRX—ZDOHBIE, FALT 75 AR—ZADL I A VDEBENROFEEINE L, HE
MBROWEPEVIEEZRLTW S,

Zhr 7oy b HWT, 7V OHERE & 3 U 7 (Figure 3), Goodness-of-fit plot @
BRIV, HEHEFABBARERBDP0E BRIEFREEETH I I BT holz, ¥
7o BT 0§ % &8 A& D X 5 7 (conditional weighted residual, CWRES) i . € 1 %
HDIKLT, RO H L TH22O2L Y IR E3LNIIFELAENZ->TE Y, Bif#i
MRTHoT,

Table 2. Parameter estimates for each regimen based on the base population model.

Parameters Parameter estimates °
DTG+ABC+3TC EFV+ABC+3TC EFV+TDF+FTC EFV+TDF43TC
Enaz 0.833 £ 0.014 0.905 = 0.052 0.963 £ 0.015 0.910 £ 0.076
ko 0.474 £ 0.052 0.0779 £ 0.0087 0.0862 £ 0.0076 0.118 £ 0.021
e, 0.0720 £ 0.0274
kg(x1073) 0.864 £ 0.356 3.83 £ 1.41 2.81 £ 0.47 1.72 + 0.26
Moy ® 0.149 £ 0.018
tiag” 1.55 + 0.07
€ 1.95 + 0.36

* tiag, inter-individual variation of k, and kg (nx, and ny,), and intra-individual variation (e) were
assumed to be constant irrespective to any of regimens, in order to inflation of number of parameters
to be estimated by curve-fit.

b mean + computer-calculated standard error
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Figure 2. Time courses of observed and simulated drug effect for each regimen. The drug effect was
defined as proportion of participants with viral load of < 50 copies/mL in plasma. Symbols represent
observed data, of which the size is proportional to the number of patients in the studies. Each solid

line represents the median, and the corresponding dashed lines represent the 5th and 95th percentiles

estimated by exploiting 1000 times Monte Carlo simulations. Parameters used for the simulation are
summarized in Table 2.
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II3HXZEETILEWR

BRDROEER NI X - X REHBHOBEHEEHAEO NI X -0l FE%E
NZldiZ, BEMBEMOEKN Y £ L 2 EE BSL). /AEH LG E O IER CD4D H
v ¥ b B (CD4). logioke ~ logioka D 425 ¥ @ 8L A K47 % % /E B L 7 (Figure 4), £ @ fifi H .
logioko 1Z. BSLE 55 IEDQHBE Z KoTB D, CD4Ar F. 5 ADHMEZFHoT Wik, FH
Bz, logioka b BSLE 35 EDO B 2 FioTEB H, CDAL . HADOHBE 2 FKoTw
oo COZ . BEELRBBTIC.BEVROREADPEL. BEMROBEIN RV, 2
TN FHEPEVLEVWSIZIEERLTWVS, 512, LI X YDEWLODEE% Figure 4
O AT KATH A & BR W TN 3 2 72 o2, B RE [E R 5 8 & 1757 #  (Figure 5, Table
3 MAKTY oo EHAN XD HEFCENL,
HWCHFEBEEHAEORN I X2 HEERBELTETAANMABRADL I E T, 7 —
LETOREEROEVEMET 2 Z AR K5, 22T, BSLd L IECD4 %
HZBEELTTOETAAZIREL, HFOFEEGRE T VITHAAAR,

%U

[£]
A

koi = 0y - 05 OVimCOVmea (5)

ko, : Covariate-adjusted mean rate constant for study arm 1%
01,02 : Estimated parameters
COV; : Covariate value of study arm ¢

COVipea : Median of the covariate

11
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Figure 4. A scatter plot matrix of parameters. logk, and log k4 are logarithms of the onset rate
constant (k,) and decay rate constant (kq), respectively, which were estimated for the base
population model by nonlinear mixed effect model analysis. BSL and CD4 are population means of
mutual correlation of viral load and baseline CD4 count, respectively. When source-stratified
regression analysis was conducted, log k, was significantly correlated to BSL and CD4 (adjusted
coefficient of determination was 0.88 and 0.90, respectively). Correlation of log k4 with BSL or CD4
was moderate (adjusted coefficient of determination was 0.67 and 0.66, respectively), although their
regression coefficient was not statistically significant (the p value was 0.28 and 0.64, respectively).

12



logsok, VS BSL log1ok, VS CD4

0.0 — 0.0 — —e— EFV+ABC+3TC
—=— EFV+TDF+FTC
02 - 02 - s EFV4TDF+3TC
- . —e— DTG+ABC+3TC
04 . 04 7 /
0.6 — 06 —
£ £
2 2
_g 0.8 — 3 -0.8

4.0 4.5 5.0 5.5 6.0 100 200 300 400 500

BSL (logy, copies/ml) CD4 (cellsfmma)

Figure 5. Plots of regimen-stratified regression analysis for the onset rate constant (logk,). logk,
was estimated by Bayesian post hoc analysis.

Table 3. Regimen-stratified regression analysis for the onset rate constant (logioks)

Regimen Equation Adjusted R? | Equation Adjusted R?
DTG+ABC+H3TC | logioko = —0.198x BSL-+0.572 logioke = 7.21 X 10~ *x CD4-0.585
EFV4+ABCH+3TC | logiok, = —0.198x BSL-0.135 0.884 logioke = 7.21 X 10~ *x CD4-1.28 0.901
EFV4+TDF+FTC | logiok, = —0.198x BSL-0.0845 ’ logioko = 7.21 x 10~ %x CD4-1.24 ’
EFV4+TDF+43TC | logioko = —0.198x BSL-0.0544 logioke = 7.21 x 10~ *x CD4-1.11
Table 4. Covariate screening summary
Covariate parameter estimates OFV @ p value Notes
No covariates -1158.38 Base model
BSL k, = 0 x §5OVimCOVmea -1170.61 <0.05
COV;—=COVy ey
CD4 ko, =601 x 0, 10 -1171.90 <0.05 Final model
COV,—COVipeq o 2Yit 0 Vmed
BSL and CD4 k, =0 x x057" medf), 1000 -1175.32 N.S. ¢ (VS CD4)

@ Abbreviations: OFV, Objective function value; N.S., no significant.
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722U, COV BRI OBEHRICHR VB EE. COVyed E COV, TR AL TDF
FETC.HZBEFTLVEMEMLEE 25, k2. BSLH L IZCD4Z M ARALEEIT,
ERECHWEEKMEOFV)P R L. BSLE CDAi M ARAALLZAEICIE. R DA
ZHARAATLGE AR REDRPoLTLD RENICIETED/NZROFVE 5 X 12k,
WCCD4% M ARALET L ERM L /2 (Table 4), K #5 8 IE, Table4dD@EH TH %, -2
THEINLEETVERARBOERAPZ AL, QI LT 7S EALRREDRKREL BE
MRORBEENRD Bdhok, 31 LD DBREL, CABD L VWEFEZERBENR
BN hdfEmP»E LN,

Table 5. Parameter estimates for each regimen based on a final population model

Parameters Parameter estimates °
DTG+ABC+3TC EFV+ABC+3TC EFV+TDF+FTC EFV+TDF+43TC
| D 0.833 £ 0.014 0.905 £ 0.052 0.963 £ 0.015 0.910 £ 0.076
01 0.416 = 0.079 0.0779 £ 0.0076  0.0861 % 0.0064 0.122 = 0.017
02 11.9 = 6.3
M, * 0.0387 £ 0.0155
kqg(x1073) 0.845 £ 0.358 3.93 £ 1.43 2.75 £ 0.48 1.70 + 0.24
My 0.153 = 0.076
tiag” 1.55 + 0.07
€ 1.96 + 0.36

@ 0y of ko, tiqg, inter-individual variation of k, and kq (1, and ny,), and intra-individual variation
(e) were assumed to be constant irrespective to any of regimens, in order to inflation of number of
parameters to be estimated by curve-fit.

® mean 4+ computer-calculated standard error
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AFFETE,. MBMAZHWT, FAT 77 EALR-Z2DL IR TI7EL VY
R=—ZADLIAVOBEBEHNREZEBNITHB L 72, MBMAIZ, [ERD X X fiith & B2
D\ FXTAZARCHETI2EENRERIPIEONZ ZPHERE,. XA a3 —-2ARY
DERLBLLIZT—EZEZHERMTELZ2 L VI IMADRD S, FriZ, ETAVZEITVTF 2
TAZARLET BRI RA—X%HB2 2T IREMBICHET 22 M09 %MD A RE
BB, Fl, BNCHIEEREIIVDZL0F—%%2MATZ2T. KO HEEDR
W RERZ 2P TE 3, LEDoT, MBMAW., kD X X f@#r & ik L T,
IhEEEoGVWHREZEONLZ Z AN 5,
BELIXVORBEBORMEM#ER AT 22D BMAIRXRERAKRIEE T VE
BRHUZ IBRERE. HEBRED S bR Y 4 L X & 550 copies/ml L T2 ol B #H
DEEBTERLTWVELD, Epg 3. ®RK1TDH %, i Ofi R, EFV + TDF + FTC
DL IRXAYP0I3E VI HRDE WVE R LT L2 L. Epege DR/INET TR, L
DX YOBHEMBE IEMICFEM T &R W, DTG + ABC + 3TC @ E,0, 13 0.833 T H b il
DLI RV eHBLTHREDNIVY RENREHEELERD KE L BEDER
EHEELERDNDNIVEIFTOLATVS, LEDoT, LI X YOiFficid. 2hs
EODRIRA—REZNZTAFAML. ZOREBENROFELHMB T 2 2 L 2PLHET
Ho, BB.WKEBRTE., e 2ZBBEIRIAD L TH ., BEMA 0% &l F
HOREBHIZCEIoTHM T 2EEDITFET 2, kqald, MR BRI ROBEOATIER
VIOV KRB BROBRFHR D ER LT XA - X TH2HARCERREOER
DRETH 5,

IZI778 L YYNR=—ZRDLIRAVD=2%HBT 5L, EFV+ABC+3TCD L ¥ X
YRS IBEN RN E Dol (Bnae /D ko /DL kg B K)o FEBEL EFV + ABC + 3TC
DL Y RAXAYiZ, EFV+TDF +FTIC e L L T, BIEAB K EWVE WS #HE D H 5 (16,
19, ¥ 72, EFV + TDF + FTC, EFV +TDF +3TC D L ¥ X ¥ &, HBV & | # &% B 4 .
%ﬁﬁﬁf@ﬂﬁﬁ%@f%ﬁéhfvéwanwt*%%%iiét EFV +
ABCH3TCOL I XN oL I X e BT 2 HUIWIEEEI R Z &2
RO, ZNADPEAET LV TORBIROBEREZR T LB RENWI L ITRME
NTWBARESEND 5,

DTG +ABC+3TClE, T 77 L Y YR —=—Z2DL I XY HEBEL T, kL,PW4FLL LK
ELL kg DRLI2UTIC o/, 2O ., IBEFEBEE D HE L, BRBEE LN E
WZtERBLTWVWS, BREBEHEAEL,PRKEV R, IR TOERBRL B
IR L TWB [46lo kgD EXI W 2 LT, EFAOEAFMMMEY 4L 215 %0
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BECREIFEFHORERARE VWS 0B A bFHAMMELEEZONS, —DHOD
e LT, — R TE, ¥AIMEY A VAOHBEPMEL R 25, FLr7
77N D%EIE. genetic barrier R A MM 2 EHE T 20 HERT I VBERE D)
BEA XXMEOHBELI DR OMEDLH 247,48, 2D —FH T, T 77 L vV
D5 &2 &, genetic barrier VR <. XXM HEOHB N Z VW OMEDN D % [48, 49, L 7z
DHoT, T VokEHORME»S ., HEAMMEY A L AOHBIC L 2 BERNEBED
VAZWEHEHR DI TVWI2H50D, FALTFT 753 LDAFPHEHMNNICTELSREMN
ROFEHRIEON2AREDLD D, /. DS —20HBE LT, MikREOZ 77
YRt I X RO ERm KIS, BIFARBRCE2BER 222w %
KEMLTVW2AEE S EZILNS, ERBIC,. T778 LY YR—2DL I Xl
LT, FATTZIEAR=—ZADVLI XA VYOADPEIERAI PRV E VS IED INT
W30, e ZOo0HE2L, KAMETHE SN kD FILTZJEILDFHD
TV, AHENRHER T EEZLN D,
HEZBETLOMMOBRIP S, LI XA VIO THEMODEFRECDAO I v ¥ M
Lkt DIEOMHBENALNZ, TOMBREF. EHCDAD I 7 ¥ FEHB D20 LIHE
MR DFEBLE WV L WS Skowron B 51O, E & —HLTWd, T T, HIVHiv 4 v
AEOFMTIE. BRERIRE 7 LA THBEIRODo-EBEROEHETERT 5.
TROLEME LTORBENMR2FM T 270 HEBTHZ2CD4D v > MITBL T
b7 —LANTOFRMED 2 VIEFEHETCL2BHICHATER Y, LEdMRoT, K
HORRPEALVARLOBHCEBOWTHRLERAIARLNZDEREAHTD %,
DED XS5, MBMAZHOWTHEHBO T — XY — 2% LMW LEMERE. P17
TIENR=ZADLI AP, TI7ELYYNRN—Z2DL I XL T, HEHR
HEENELS FREIPES VI R RB I,
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L=
HIVOERMHEICEAITI3FAETILEREDRE LRI

HIVIEBEIZ BT, EHMEY AL AE . BETFTRCREREE L KIZT[52,53, v
ANZADMHEEZRTEAZzEEFE»S PRIL., @O RBEELERTZZLE. R
BEOMBILLCAAIRTH D, 25 0Vok TFTHMETLOMBEICHE T 2HENERCED
BN TEDBLBE, ZOERE LT, EAIMMEY A V2D X ¥ 87 BIERE 3 WM
D FE B % IX % L 7= Stanford HIV Drug resistance database I8 FE XN 2 X 5% F — X X —
AL TE LMD D 5 [55 59
I FTHET AR, X Yo7 H D — XA % one-hot encoding 5F T Bl Bt 7] 1T &
L., ZOKMERY 2 HAZE. FAMEZENZER e LT, EEEWEE EG K-
PRV B - =Y TU—T 73—V T REOVCEOVEEINTTEHET VD 20
WG EREE 7 LT ®H 3, Margaret 5 [54] 1X . L. WA WA E THRRE%Z LW TW % Deep
LearningZ # FH L T, 7 EHMEICH D A, [EEE (Accuracy) X099 E L G WVWEE %
szl L, BAMMECHFET 27 I BEEDFAELTWVWS, ¥7., Niko b
[55] 23 B 7& U 7z geno2pheno TE . ¥ R — bR X —~<> =V 2 FHL T, REFREK0.7
EEOHRBETADELNATVS, TRULLDETILIE. A VX —32v b ETREAI R,
BKOBEBTHHIATY %,
L2LARL, TNODETALIRE. ROLIBRMENRD 2, —D2F, F ¥ X7 H
—REHNCESS TFHUMTHE2D, BEBEANL T AV I3v T4 7 ATEHEINS X
Vﬂ?ﬁ@i%%mhﬁﬁﬁ%bfh%ﬁf%%@]&/A?E@%%M#ﬂ%L
TRESINZ2DIFEAFMEOEEBTHIRKTDH 2, DI, I KRMEE T — X 0L
KT 2METH 2, BIIREET — X, —207 I/ BRI N B IR
D7 I/VBPFEETIHRINDODILTHZ2, INHDT—XEHIRT 22, $XTOD
R—vEBEZAHT 223 FEECIDABPERZ, MIFEOHEBYITE. ¥ I
TAXOMBIEIDFEELI AR TR 2ABEEND D, RF[BT,580HE I, Nk
ERT —XDPOAERLEBERBZRT XU LTETLABEBEICEAL TLE S A
WrdH s,
ZITC.AMETRER, TN OMEZMRT 2D FERY—FEFTV VI L
Comparative Molecular Field Analysis (CoMFA) ® FEZ WA L T, & ¥ %27 H O — X EL
HiEX AN 7BEO=RICHEBRA & ZH# L 7, CoMFA X, Cramer & [61] 1C &> T B
FEINZ3D-QSARD FETHH, HWDOD R U RZ7BE2KTFTHVAA, S/ T 8D
Tuo—IRFe Ry R7EOMAEEH (LE-BERT Yoy L) 23R T 2,
B FEYOIRITHEEEMEBICHHAINSZ FIETHE22., TOLEMAL TX Y X

]41
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JHEZRTTEEzWHEAENICRI T 2 MEEMNBERICERL 2. —J7, B R MEE
T—X TR, IRTOMEAEDLDEZHRA LT LR, T ZhoBFEMRZHEET 2
EWRXEoT. TR CHEHADTF 2fTok. MBFEEEZ TFTHUNET VOB ICHNHT 2
& & L . Partial Least Squares (PLS)[62], Random Forest (RF)[63], Light GBM[64], Support Vector
regression (SVR)[65] D & FiEZHMH L. 22 OB E 2 31l L 2. & 512 A %
WHGT 22 7 EMBICHET2HELRLANI X - X222 ETAIHLL L, Z
NoomiEz X 73 A XIBNELLFHREaXro/h2wTe 77 —EH

FEANCHN L THEMHL &,

18



-1 7—2RET7—20aLIRE

Stanford HIV Drug Resistance database[59, 66] 2* & . 7 1 7 7 — ¥ [l % #l o 3 & 0if 4 1 >~
Ty A% EWAE L (Table 6) KT — XX =2 LOEAMEA > FTvr 23, ZEK
® HIV @ 1C50 % ¥ 4 A » HIV @ I1C50 T & L 7z Fold change(FC) T &% % ., — 2. FC = 3.5
TEFMMED D, FO<35 2 EAIMERLEARINTWV S [54, 67, 7 — XN — 2
. 2 RNRT7EHO = RBHIDPTELICRELTWVWSE T —X(BHEET —R) XD
BO—REHNPKREERLTODH 27— XM TTIE.BIIREET —XLT2) 0 _HF
EPBEEL TV, AIIKRMBEE T — X E. BAHDODH 27 3 BEEONEICEK
BEHO7 I VEIFETZ2T XD LTH 5,

Table 6. Numbers of sequencing samples listed in the database for each HIV-1 protease inhibitors.

Number of Incomplete sequencing samples
Drug mplete Number
‘CO Iil 0 ¢ Total sum of Practical total sum of
sequencing © all combinations ¢ all combinations ®
samples samples
Atazanavir 463 596 219847 407.97
Darunavir 264 401 210578 275.5
Fosamprenavir 726 834 232626 581.63
Indinavir 759 849 233116 597.86
Lopinavir 600 773 231749 536.13
Nelfinavir 781 874 234104 613.68
Saquinavir 758 846 233304 592.94
Tipranavir 302 464 212140 316.77

@ The total sum of all possible combinations of sequences in each incomplete sequencing sample.
® The total sum of all possible combinations weighted by their probability of occurrence in each
incomplete sequencing sample.

A AE S — XTI, 73 ) BRECHEBBERAZEA OGN0, RTOMHZE
PEEENEY. TNOOFEREEHE T 5 L EH B 3 (Figure 6),
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HIV-1 protease variants
POIT T 1 WO 6Tl N ¥ ]
PQI W LWDP =« G ¢c cL p r|F Complete
sequencing samples
_|PQI(IWIL WQ - GLTL N F|]
—|EOGL § LWO - GE:E,::T L::N:IE 1¥| — Incomplete
' sequencing samples
Listing }
all combinations Probabilities of occurrence
I; D PR B R Wi e G L TL N F| P,
L T lporwiLwag - G L TL N F| 1-P,
\ PO T I WO o G C i1 Nk PP
AN POI T L WO - ::: G C 1L DI F-(1-P
al POTLT L WO C L R 1 N B (1-P) P
POI T L WO - ¢ € L W1 B E (1-P)-(1-Fy)

Figure 6. Scheme of treatment of incomplete sequencing samples. All possible combinations were
listed from incomplete sequencing samples and their information was weighted by the conditional
probability of occurrence. The conditional probability of occurrence of each amino acid at each
position was determined based on amino acid sequences of complete sequencing samples.

T, REEOMNBIRKBIZ2E7I VBEHOHEAHRERE2, B2 2mEoME
D7 IVBOBEIZESWTHREZIALZZHMNERE L, 2hE, VAV RAERKRT
DEBRPEMAOBENRMEOEZL L LTHAOAZEFBREYWERICESHTL
6&%73/%@@@%%%%&8LT%2\73/%%%@&%@73/@%&
EARN, YY) L. AOMERSHEBPX,). FAKERSHHEBPX, X)) T 5L %,
HWH-zybrE— HEFHE., FELHAEREIXDO LS CH 6 b IR 3[69,

HOX) = 3 o) osate) 6)
r,€X
xum])
15, X;) ZX 2 B ey @
NMI(X;, X;) = 5 ;f&&%O<NMHXWX)<D 8)

9, BEAEET - X2 FMAHL T, NMIfTHAZF R L7, XiZ, BTV ERITHNL T
permutation test (P < 0.05)[70] 12 & b B E M 2 58 L 72, Figure 71& . NMI{7 5| @ I8 % £
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RBIXUEERMHEZRINERIZMEBEZRLAELDDTH D, RIZ, &7 I/ BER
MEEZH L THBEAYO D 2MEOHAEDEXnZRELL, ZE L. X DR AR
B0 L, 2h2BA35 S5 FNMIPRKEVEMIOBONMEZEIRL 2,
BFonZNMI2L, BBIIIKAE T — R ICBI22lMacabEREMIAZLOFE
MERZHE Lz, Table 61213 B RMEE T — X oEFEEH LALITXRToMAEDE
DHRBMBIVFNZHACEEMEEZRLLLZMAERORN (FENT -2 &) 2§
MU, RENLAERBIEINAEEE 7 -2 BEID /NI ko d, Z HIFE
ET—RXRHPRBSBETEIMHINIPIEFEELET. MR L TCHEEEEIOOL Kol BLH b &
EN2-DTH2, RENC. RIIHEET —X2DAOELG LKL T, H2E5RED
T XENMERT Z %,

(A) Normalized mutunal information (B) Statistical significance at P<0.05
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Figure 7. Normalized mutual information on co-occurrence of amino acids between any two
positions. (A) Gray-scale image matrix of normalized mutual information (NMI). (b) Statistical
significance in NMI determined by permutation test at P<0.05 (black).
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II-2 9FBRTUIOVILOHE

REDV—EFY Y FEMICED BT OF T — P LR KO R E R — XK

HEoWwTyIar—(tLE, E7ur7 —F¥YEEKIZHLT, FEFEQP—FFV 7
PIISBOTFT Yy L — 1t YBEBEERENO 7ur 7y — XY ZEEKEKD S b — XELF

DEUEIEDEVWDOERHALE, vy —FF Yy vy kb Bonr s
TP LEREOVIHEEER. BRI F UL b L TlELRAEDDICERED
Bl 7L — bt LTHALESB T 7 —EDVAKEEIX, Table TOE D TH 3
[72-83],

HEXNEIHREEEZK T EABEBI2AT TR REIDOKETHNICEE., S T &
TORT VYNV IR NF 2B LA, TXAAVF—FHERXE,. sp3KRLFRL 77V
TAT =LV 2AXFEZ2HG, RTFEMIP 1O e —-TRFERELLZ, 2D LT, 7
n—-JRFeIu s —YroMic@B YT HhMEEERBIUHEMHEMFEHAE L TEN
ENT7 Y TNT =V ART YTy BA 7 —a Yy RTF oy L8| 2itEHL, 2 b
DRFHAT oy e& 7 nr7 —CEARKOUKBELZR T BTFEHELER &
LTHRHAL %,

Table 7. Template proteins for homology modeling of HIV protease variants

Drug Template (PDB ID)
Atazanavir 3EKW 3KEY

Darunavir 3JVY 3JW2

Fosamprenavir 3NU9 3NUJ 3NUO
Indinavir 1SDT 1SDV 1SGU 1HSG
Lopinavir 6DJ1 6DJ2 1MUI
Nelfinavir 2PYM 2PYN 2Q63 2Q64
Saquinavir 3D1Y

Tipranavir 204P 204N

There are several available complex structures with HIV protease variants for each drug. For each
protease variant to be subjected to homology modeling, one of the protein structures listed was selected
as a template according to the similarity of primary amino acid sequences.

II-3 FHAEFILOBE

2R T — X D80%% ¥ B H . 20%% FFAfi FH (External) 12 7 ¥ X A5 E L7, LT O
BHEBIEANAL = RITRXR—ZDBIRZEETHT - RO0%%E HoTIT5 2 & L.
BREMNEFHETLOFMIIBED D20%D F — X% HWTITolz, EFLHEHETIE., &
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FHEAT Yy 2 TR FE LTEAMWMMEAS Ty 27 22BN TS 2 HIEET
% B AR ¥ L. Partial Least Squares (PLS), Random Forest (RF), LightGBM (LGBM), Support
Vector regression (SVR) & WoZe KM EE 7 v 3V X a2 AL %,

| F € 7 v @ 48 K B (Loss function), #F fiii B % (Evaluation function) 2 XX T @ & 5 12 &

EL -,

Loss function = Z Zpij “ (Yobs,i — ypred,ij))Q (9)

23 i Yobs,i — Ypredij))®
Z(yobs,i - yobs)2

Evaluation function(R?) = 1 (10)

Yobs,i and Yops were an observed log F'C' of 1C50 for sample i and their average, respectively; and
Ypred,ij and p;; were predicted log F'C' and conditional probability for the j-th candidate of sample i,

respectively.
II-3-a%#mb

FEmMB i3RI E T —20Aa2MALL 7FHRT oy E, Tu— 7K
TN EYRBLELORTFORLEMPLEHET 2 HEBT 2. 22T, &9 FH R
FUTAALRZH LT, BF—&ZD58—k VYR A L, 58—y XA LEBZERERT
BRE, EREz L, AU THII2VEZA U EEIBREM T B Yo%, 4. 707
TP ERURNTOBEESHPERDHDL O ICHNZ D THRT Vv, Bk
W EEOHNEL 2L L0 TFHRT Y vV E T TR OB DR WA, X
BT, ZRANTOEENRZ2kcal/mol L FTEEFN LR VWG FHART ¥y d Tl
TR AH 2 & B D R W 72 [86].

R, MIESVRA — 2V ZHMALTHFHRT VLD EEE %2 H#HE L, Recursive
feature elimination (RFE)[87]IC X W @ T O B Wi FH KR 7 ¥ v 2 HlK L 72, RFE &
BTHRT VSV THDEZI7YTAT =N ART Iy L7 —aryRTFYIvLD
ZNZHRICHMYLTHEHAL, 77 7F A0 — L AKRT Iyl TR, EEEOKVE
BF2rOSIMEZ2E TS L, MEMWICI2CR2ETHEDIDELEZDIINL, 7 —n
PART YTy A TR, WEFT O FEHML TL/8IC L, FiRE LT, &FEAICHK
XN 7R EOIE. ¥4000 T H o7z (Table 8), Figure 8%, HIR XL F o7 FH 5z
DFHRT VYV OEREZEMBMECRLEZDDODTHD, TR T7 7 XY NIHOD
MEZWMOEC L ZEArME I TVwE 2 e PERI AT,
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Table 8. Number of molecular field energies selected as a feature of machine learning

Drug Grid size @ . Before feature se.zlection . After feature sel.ection

(A) Steric ° Electrostatic > Total Steric® Electrostatic ®° Total
Atazanavir 39 X 27 X 28 29,484 29,484 58,968 1,223 2,728 3,951
Darunavir 27 X 35 X 36 34,020 34,020 68,040 1,094 3,443 4,537
Fosamprenavir 27 X 34 X 35 32,130 32,130 64,260 1,210 3,268 4,478
Indinavir 34 X 27 X 36 33,048 33,048 66,096 1,121 2,549 3,670
Lopinavir 27 X 34 X 36 33,048 33,048 66,096 1,096 2,664 3,760
Nelfinavir 30 X 28 X 40 33,600 33,600 67,200 1,199 2,344 3,543
Saquinavir 27 X 35 X 35 33,075 33,075 66,150 1,107 2,362 3,469
Tipranavir 26 X 35 X 36 32,760 32,760 65,520 1,127 3,285 4,412

@ Grid sizes were set to embed an overlaid aggregate of all HIV protease variants.
® Numbers of steric and electrostatic potential energies.

Steric field
grid points

atazanavir

darunavir

fosamprenavir

indinavir

Electrostatic field
grid points

lopinavir

nelfinavir

saquinavir

tipranavir

Steric field
grid points

Electrostatic field
grid points

Figure 8. Selected grid points of steric (left) and electrostatic (right) molecular field parameters in

the analysis of drug resistance for each HIV-1 protease inhibitors. The grid points were selected by

preprocessing and SVR feature selection.
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II-3-bNAN—NSFA—HZDREL

BREBERFBCE AL =N R MREIh22E T A2l T 285
A= XPHEIET 2, COREWXIOTRETNORBESL NI4T VAP KRELLELS
NBZehdd, 22T, PLSEIK < & B (SVR. RF, LGBM) T (. Tree-structured
Parzen Estimator Approach(TPE)[88] Z M| HH L T. " A =25 X — X D&\l &2 To7%,
BHEILT AN = RFT X —ZDEMIZ. Table 9D @Y TH 3, T —RIF=7E L,
— DR AYF—va HOF— Rty b (NYF—varty )L, BDD D% k
L—=VvZ7HOo7F—&ty (L ==Y +ty b))k L T, 3-fold cross validation[89] & 1T -
o bb—=v kv b5 I-3-affMboHETHbHchZZTFHERT > v
NDoAZTHMFE LTHAL. ¥BoRiczhsZEHLLE, XU T —>arty
FOIEHLIH, L ==V 27y b TEDLFEH, 2 EAMAL 2, &HEMK7EY L
WKE2%FEBETE. br—=v 2y 0 BLXBEHEO)ERNMET 2 X5 %Y
izi‘i_&\ﬁmﬁa:za‘u-?~°/a‘/«b~yF“C*%Wﬂﬁ%ﬁﬁ(fﬁ(lo))%ﬂﬁbto7\37\)\‘0—?‘~
Ya3bEOER L, FRMEAKO =R D FEEZ A =5 X — & D F i fE &
oo ZOFMMEICESWT, TPEO 7L T Y X ARZHST AL =5 X — X % 30[0
BHHi L7 =7, PLSONA N—= NI X=X TH2EWTHORETIE, EHT % IHE
RIS L 72 A 5 3-fold crossvalidation 1 & 2 &F i fE (X (10)) Z 5t & L, s MM E & K & 7«
Z2HROFBEORVERDHEZEIIE L /2, Table 101%, B KHE O A X=X F
A =X PLSTORITBZETLDRdDTH S,
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Table 9. Ranges of hyperparameters in model optimization

Random Forest

Support Vector

LightGBM Regression Regression
num_leaves 2 ~ 60 Bootstrap true or false kernel  linear or rbf
n_estimators 2 ~ 60 max_depth 5 ~ 150 C 0~4
bagging fraction 0 ~1 max_features auto or sqrt epsilon 0~1

min_samples_leaf 1~10
min_samples_split 2~ 10
n_estimators 5 ~ 150

Light GBM model were constructed using Light GBM 2.3.0, while random forest regression and support
vector regression using scikit-learn 0.23.1.

Table 10. Optimized hyperparameters of Light GBM (LGBM), Random Forest Regression (RF),
Support Vector Regression (SVR), and Partial Least Squares (PLS) models for each drug

Model  Hyperparameter Drug *
ATV DRV FPV IDV LPV NFV SQV TPV
num_leaves 9 12 12 13 9 17 8 20
LGBM  p_estimators 56 60 58 60 60 60 53 52
bagging_fraction 0.19 0.482 0.012 0.993 0.98 0.293 0.779 0.996
bootstrap TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE
max_depth 864 345 998 178 756 386 453 624
RF max_features auto auto auto auto auto auto auto auto
min_samples_leaf 7 2 2 2 8 3 3 6
min_samples_split 10 10 10 10 10 10 7 10
n_estimators 102 108 150 50 105 12 11 6
kernel linear  linear linear linear linear linear linear  linear
SVR ¢ 0.002 3.053 1075 3.461 0.002 3.361 0.012  0.861
epsilon 0.328 0.256 0.477  0.004 0.332 0.467  0.348 0.34
number of
PLS principal 41 111 34 60 98 113 28 112
components

@ Abbreviations:

lopinavir; NFV, nelfinavir; SQV, saquinavir; TPV, tipranavir.
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iR O@ED, 2RF —XD0%%E bL—=V Z7HF—X(bL ==Y 7ty )T, 20%
EHEEEMAH T — 2 (7 A by M LAz, bL ==V 7y b TWE,II-3-aTHl
HEhZnFE ATy 2 ERLL. ZOESICCHHLERNF X —=XTT XL
£y b FEMRICIERL U 72, & M % (SVR, RF. LGBM, PLS)iIZxf LT, II-3-
bD 27 BANY F—=2aryTRESI NN RN=NI X =—ZZ@EHALT, PL—=V
ey @R EBBEE L (Table1l), L — =Y Z W E-oTHELMAERE T E T L
OFRMMEEEZF X bty b THEAM L 7z (Table 12), ¥ B 3F i 12 1%, B & fF & P % 5 (R
) ZAMALTED 1KEVEEGVWTHEE BRI 5, Table 12D 7 2 R
TOMEWERZ. F 77 FELERWVWTRAIFTHo7, LightGBMZE H WA H SR S & W
THHBESTE LN ZBEMICHod, BMMEHOET LI ITZIZ Y RELRERD
ARBEINLRDIoK,

FHIEFTLVOMBICBLWTE., BAMMELD 2002 2HRillT 2200087
LWHELSEREINTVWE, 22 T.AMATH RERRBETVORKEICMA T, BHRoF
ol BEST 2D HEREZHMT 2 Lk, BB AMKIC, FC=35%
BHRMEE LT, FC<35%Z KAIMMBEL., FC=35 2 KAMELD 2 LTTF—% %2R
W, DT R Mty hTHEMERE % G L 7z (Table 13), 77 2 K & o 3 ffi 1< 1k . BEH O @
T % i ;] & 21T\ 7 accuracy. precision, true-positive rate (TPR), true-negative rate (TNR).
false-positive rate (FPR). false-negative rate (FNR). area under the ROC curve (AUC). F1 score ®
BEROX IV Z72E2FALR00,9, BAREFTLTCORE K, THlEF L TR
b FTHIEEDLE LoD, LigtGBMZ WA THol2db DD, BMEEEI
ODHERBEZIZIEACRDLONR oT,
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Table 11. Weighted determination coefficients for prediction in training dataset (R?)

Weighted determination coefficient

Drug . Random Forest Support Vector Partial Least
LightGBM Regression Regression Squares
Atazanavir 0.948 0.954 0.888 0.853
Darunavir 0.981 0.951 0.911 0.901
Fosamprenavir 0.929 0.946 0.822 0.778
Indinavir 0.951 0.958 0.986 0.839
Lopinavir 0.952 0.968 0.921 0.896
Nelfinavir 0.957 0.925 0.831 0.819
Saquinavir 0.905 0.945 0.892 0.748
Tipranavir 0.975 0.827 0.781 0.803

Table 12. Weighted determination coefficients for prediction in external dataset (R?)

Weighted determination coefficient

Drug . Random Forest Support Vector Partial Least
Light GBM Regression Regression Squares
Atazanavir 0.792 0.770 0.737 0.759
Darunavir 0.749 0.694 0.711 0.693
Fosamprenavir 0.718 0.667 0.683 0.701
Indinavir 0.830 0.790 0.783 0.806
Lopinavir 0.862 0.810 0.829 0.837
Nelfinavir 0.760 0.743 0.714 0.705
Saquinavir 0.776 0.632 0.748 0.676
Tipranavir 0.513 0.491 0.470 0.488
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Table 13. Goodness of classification of Light GBM, Random Forest Regression, Support Vector

Regression, and Partial Least Squares models®

Drug® Accuracy Precision TPR® TNR® FPR® FNR® AUC°® FI score
ATV 0.914 0.881 0.947  0.883  0.117 0.0533 0.915 0.913
DRV 0.921 0.810 0.805  0.951 0.0487 0.195  0.878 0.807
FPV 0.896 0.789 0.921  0.885  0.115 0.0795  0.903 0.850
Light GBM IDV 0.924 0.897 0.917 0928 0.0716 0.0834  0.922 0.907
LPV 0.915 0.895 0.929  0.903 0.0972 0.0711 0.916 0.912
NFV 0.906 0.888 0.938  0.873  0.127 0.0624  0.905 0.912
SQV 0.909 0.832 0.929  0.898  0.102 0.0712 0.913 0.878
TPV 0.890 0.681 0.567  0.950 0.0497 0.433  0.759 0.619
ATV 0.894 0.840 0.961  0.833  0.167 0.0388  0.897 0.897
DRV 0.921 0.889 0.701  0.977  0.0227 0.299  0.839 0.784
Random FPV 0.869 0.744 0.901  0.855  0.145 0.0992  0.878 0.815
Forest IDV 0.905 0.847 0.934 0.885  0.115 0.0663  0.909 0.888
Regression
LPV 0.910 0.878 0.940  0.884  0.116 0.0599  0.912 0.908
NFV 0.899 0.873 0.941  0.854  0.146  0.0585  0.898 0.906
SQV 0.904 0.807 0.957  0.875  0.125 0.0433 0.916 0.876
TPV 0.868 0.624 0.405  0.954 0.0457 0.595  0.680 0.491
ATV 0.924 0.881 0.973  0.880  0.120 0.0275 0.926 0.924
DRV 0.954 0.900 0.874 0975 0.0250 0.126  0.925 0.887
Support FPV 0.879 0.800 0.830  0.903 0.0975 0.170  0.866 0.814
R;;z‘;‘s’:on IDV 0.935 0.906 0.937 0934  0.066 0.0630 0.935 0.921
LPV 0.929 0.894 0.964  0.898  0.102 0.0362  0.931 0.928
NFV 0.87 0.850 0.909  0.828  0.172 0.0913  0.868 0.878
SQV 0.894 0.802 0.93 0.875  0.125  0.0696  0.903 0.861
TPV 0.878 0.588 0.755  0.901  0.0992 0.245  0.828 0.661
ATV 0.918 0.863 0.985  0.857  0.143 0.0154 0.921 0.920
DRV 0.897 0.786 0.683  0.952 0.0480 0.317  0.818 0.731
Partial FPV 0.862 0.777 0.797  0.893  0.107  0.203  0.845 0.787
Least IDV 0.911 0.880 0.904 0916 0.0838 0.096  0.910 0.892
Squares LPV 0.914 0.888 0936  0.894 0.106 0.064 0915 0911
NFV 0.897 0.871 0.941 0850  0.150  0.059  0.896 0.904
SQV 0.871 0.780 0.882 0.865 0.135 0.118  0.873 0.828
TPV 0.884 0.612 0.724 0914 0.0860 0.276  0.819 0.663

“Goodness of classification was evaluated upon defining the threshold as a fold change of 3.5.
® Abbreviations: ATV, atazanavir; DRV, darunavir; FPV, fosamprenavir; IDV, indinavir; LPV, lopinavir;

NFV, nelfinavir; SQV, saquinavir; TPV, tipranavir.

¢Abbreviations: TPR, true positive ratio; TNR, true negative ratio; FPR, false positive ratio; FNR, false
negative ratio; AUC, area under the ROC curve.
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Figure 9. Contour map of steric effects in drug resistance acquisition. Contours were generated
based on PLS standardized partial regression coefficients. Yellow and green contours indicate 1st and
99th percentiles of standardized partial regression coefficients, respectively. Steric interaction of the
protease with yellow regions negatively affects drug resistance acquisition, whereas green regions
show a positive effect. Dimerized wild-type HIV-1 protease (grey ribbon) and lopinavir (wireframe)
are shown in the same figure. Pink-colored sites of the protease indicate amino acids involved in drug
resistance.
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LGBME . A fFE I N B ETHH, AMHECB W TEELRABEZNS Z
KED. BLOTHKEEZ2HEZ2 X3RN TVWSE[64, —HT.BEHFODYIVRIZBH B L
o, —HMICLGBMPENLZ2RTE RV, HLETAT— XLy b LT, LGBM®D
BREIBIFCHVEZEEZZNETH S I,

MEOFHMETA LG, BT Xty b7 —XWEAHEIRR DD, HER
3N TH 20, AMBETHRETZIET LR, ChETXHEBLDODRVLANLT
DFRMEEE2L5ZTVE, 2, AR EIBRLZNIBRT XLy b o MHEI
7z Gene2pheno £ MEIE N 2 TR EF LT, 7u 7 7 —EHFAORERE D FH#H
30698 TH D B 4D T 7 7 —EHEREZRZZBETHIARET LD BTN
TEWVWTFHKEEZLSEZTW2 (Table 12), £/, RFFZ AL T — &Ly b2 H/AL
ChenHsiang 5 O THIE 7 VO R EFR KO FHIBEIEH088TH D, KK I b EmWVT
HHEEZRLTWVSB[B8, LA LKD S, ChenHsiang & ® B 78 1% . EL A Kl & 7 — X »
LARLEZTARTORZ—=2IIH LT, EADDTTIKEINEET — X ~v—IL
TFTHUMETNLVOHMELRToTEBI. BNEARKIDAREET —X~NOBREFEES L TL
FoTWBLEEZLNDE, COLXIRXTERIRALOPLVDEWVITED, £HF L AW
HTOTFTHMUEREILELEZ L EEZIRV, —FH, HIVEEAMEEZFEO2EH» WS 58

n

32



FT52THETNANOMEDEDONT VWS, 2T, EFTLOSHMECODV T AL
fifi % 1757z (Table 13), ¥ F #k4 7% 77 % T M R % £ 1F T W % Deep Learning % J& H L 7z #8 &
DoEET AR ETZ2 222 L. ZO0ETATHMEHEDRA TV Z2EBD X b

VIR RHLE, =M. 7EEROFMICIE. 7SI T —XDNF v 2, f
ZARB.ALLBRAOETIHA.AB=550Lk5C T —ZXDEEDOANT VIRV WVE
BICHEY XN b X MY 27 X (accuracy. precision, true positive ratio) & . AAB=9:1D & 5
WHRBROANS VZDEVWHEFICHEHY Y INE X MY 7 XA(AUC, FI) 3 H %, KIFF T
DAEMERIE. F 77 F L ZRITIE. AR X TPV 7 XATHROIBRBETH D, FIEH
FoTHRKETDHo,

FIIFEANDOEFMED FTHRKE X, oA LB T 2 2 Kol B
HOMBE,. PL—=V 7T XDHEIKGFT 2D, L AR UBHEZH VTS
FMEDODFHIBEIELLIZ L ERIETELRV, L2L. 20T TR, THRBE
DEVEHBICWK, F 77 Fvadsfioy ar 7y —EYHEA L ESERABKRFEZEDS
rrEBLTVWE2B LRV, HIVZr T 7 — X2k, ZBHREZERK L. ZEHhOHF
DE BB 72593, M, Tur 7y —EHEAIZ., ZRAEOFEMETNMIC
BAELHEBEMEAEZ RIS, F 7770, COMRFHRICMZ T, —EK{LEHKD
FHEFRADDFESDZEPAMEIN TV (M, SEEELLZEFT VI _BEAMBEZXHR
ELTVW20T, ZORIXWEERETEZRS 2eHATELVAINMER L LT
JFohd,. ZrFrerd, F7I75F L LRAMBKOERAKFELZRDZ AL TY S
94, 95|23, AKX TOFTHMBERIBBOCRARIFCTHok, MEHRTOFEHITHEHL TR
CTO0EAKFOFESRODEVWTHHIAZL2S LARVEY, ZHhHEHL2ITT 3
KE7e s 7 YO _BEBERCHOI2EEL PHFTM L -EEN T —XBNMLET

D, IR A TRRFHOBEEZ 22 22T ERW,

CoMFAZ E i~y 7 X b, AL D R R — ZAWBEH 2 1F L. A ML K =L
BB TRBINZ, Wang 5 [96] 1%, 7 m T 7 —EOEERKIZBWT, £F¥r Fn
TT7—FrOHAHLPDOENDD, EA o r7 - FYroarimd, R LT

Al EZHERIE2 20 FHAN¥> Ia—varZHVTHRELTED, A
METHLAZLEMEIZ YR DO EILNG, S MABOFESH I, HBAOFES
ﬁ®ﬂﬂﬁﬂﬁ?%#@i’m%ﬁbfw%@®mw REORDO BN REED

EAMEEZEARAIE20E., BB LZEH L Tur 7 —CoBERAR—- WY
DIEBD eAMOEHMOKED e AN EERICHZAEEERBL TV,

33



+ =o
A off

ME,. FEHFZ_BICOED HVOH YA VR EFEEZ N KL LT, HIEEETDOH

BIRLIAOEMEOLE -l X CHIVEAMEO PR WO BEO R 23
2O0DHBEIH LT, ZNZAORERIGLZHLVETLBMEZERL. UTO
e R = I

B ETTARN—ZAXXMBHBERLIZ2H0EBRBETCORDBENRL X YO ER

ETFAR—ZAXZXBHEZEALTC,. ZTI7EL VY IYR—XADLIXVEBIULFRFL
T I7ENAMR=—ZRDL I X VOMREIBETOENE 2 ERNICHML -, KAFIER
IV HEARABREDERLZ T Xy b 2HMEL T, KBRBERT - XLy b ig o<
fEMAERE2EFEL2 N TEL, BEIRZEERSNIX X2 RIBHET LT
ARLEZAFEOBEMICEID, TI7728L VY YR—Z2DLIXEEHELT, FALT
TIENAMR=—Z2DL IR TR, IBBENROHAMGEFEB DR L IBED R 245
LR TWVWIEDPHLLERoK, S HWK. T LALAEEBRBEI L TOERNR KT
fliicMA. SEERSIRXA - RCEETIHLZREOMMDIToLMR. LI X VT
L3R EHBATIOVANVAEDLZVHZ20VIECDAD I Y ¥ b DB VWEEEOED
HEZEZECTRIPEVWEHAND 283" I,

BoE HIVOEAIMMECEST 2 THET VHEEEDORE & ML
HIVO RAMHEDO FTHET VOMEEZERET 201, Tur 7 —LHFAZ N
RELTTHMETVOBE, RIE2To7 EMEBLREERXR—-—RA L1EZICHI-T,
F—ROIEREITV, KREZF - 2o b 2METZ I XCHNILE, 51T, 7
D77 —CtOZERKOVHEELICHEHL, ThBEERKBR LS FH v Y S
EMALTRHMERERL,. BREEFET LV CHARAATHET LOME L To7%,
ZORE. BohE RO RERBIZ051~0.86 T, & R E IR E LB o IE @R
FIORRE L D, AR T — 2T+ R TFHBEERROETLEEET I
T&Eh, IR, FHlTLRI2FHUMEBEOEEE 2 FH LB~y Yy L 2
HAMMECHFE T 2RBEBERY., EAMECEET e BRESNATVWSE T
SOBBREOEALKRUVER 7o 7 —XYOMETA VEABKCED LN, AEN S
ER T ANVZAERMEO FTHETAERBICENTH 2 Z & DR T,

LEZEHZ, LHIVIBERERC S LT, JIEEETOE —BRL I XA OAFEMED T
BeEE M B X CHIVEAME O FTHl 2 fT7o7-, oM REE., HIVIREE O RELLICEH

34



WHhEREERT B LB SBOLIX VM- FHEFTAEREOREMHZ R T D
DrEZD,

35



&5 B¥

MODIIHA, AMAOEBTHLD, MEHBELRZ2HEE, MEELHD L
TREBRYEREREELAHAR LWTERARCELIVEELRZI#BEZRL £7,
Tl RBEMBY R 2WEEE2B DI LAEEATRAFRFERESHER HMOWD
FTHBRICHEATESEHNOREEZELL £ 75,

AFRCELT. BMETOHERBEORBZHEZEILALER - X7 2 AEKEER
VEEFHATMBERANRSEH#HOBEZRL 75,

ETHIT, MRAL AR HEIERM. @WHEF 2B E LB RARFERELHER FH
HESAHE, RARTHE, T, AR IS L2 THEE L2 m @R REREE
R ERBREBHEEDH - EFERERELIHFRAEE —RMICEHR L T
Mz T, FHFWF. HRZHIRESIFKHNMARABEORELC LD XEEZITE LD T,
TZIWREH WL ET,

RBRIC.HRACHEITEI2RELE X T EIoR EM. & HEKCHELEH
W7z L X5,

36



= E& D &

F—F REOM

1] 77— oI

PubMed, Cochrane Central Register of Controlled Trials (CENTRAL), and clinicaltrials.gov @ =
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Table 14. £ F — X2 X —XTHHAHLZ=ZHERX

Dolutegravir Efavirenz

PubMed ((randomized controlled trial[pt] ((randomized controlled trial[pt] OR random-
OR  randomized controlled ized controlled trialsmh] OR random alloca-
trialsimh] OR random al- tion[mh] OR controlled clinical trial[pt] OR
location[mh] OR  controlled randomized[tw] OR randomised[tw] OR ran-
clinical trial[pt] OR random- domly[tw] OR random*[tw] OR trial[tiab]
ized[tw] OR randomised[tw] OR groups[tiab]) AND (Efavirenz[tw] OR
OR randomly[tw] OR ran- EFV[tw] OR EFZ[tw] OR efavirenz, R-
dom*[tw] OR trial[tiab] OR isomer[tw] OR Sustiva[tw] OR L 743726[tw]
groups[tiab]) AND  (dolute- OR L-743,726[tw] OR L-743726[tw] OR L
gravirftw] OR DTG[tw] OR 743,726[tw] OR Stocrin[tw] OR Merck Sharp
S/GSK1349572[tw] OR GSK- and Dohme brand of efavirenz[tw] OR DMP
1349572[tw] OR  Tivicay[tw] 266[tw] OR DMP-266[tw] OR dmp266[tw] OR
OR dolutegravir[Supplementary efavir[tw] OR filginase[tw] OR 1743726[tw] OR
Concept]) ) efavirenz, S-isomer[tw] OR virorrever[tw]))

CENTRAL (randomized controlled trial OR  ((randomized controlled trial OR randomized

randomized controlled trials OR
random allocation OR con-
trolled clinical trial OR random-
ized OR randomised OR ran-
domly OR random OR trial OR
groups) AND (dolutegravir OR
DTG OR S/GSK1349572 OR
GSK-1349572 OR Tivicay)

controlled trials OR random allocation OR
controlled clinical trial OR randomized OR
randomised OR randomly OR random OR
trial OR groups) AND (Efavirenz OR EFV
OR EFZ OR efavirenz, R-isomer OR Sustiva
OR L 743726 OR L-743,726 OR L-743726 OR
L 743,726 OR Stocrin OR Merck Sharp and
Dohme brand of efavirenz OR DMP 266 OR
DMP-266 OR dmp266 OR efavir OR filginase
OR 1743726 OR efavirenz, S-isomer OR viror-
rever))

clinicaltrials.gov

dolutegravir OR DTG OR
S/GSK1349572 OR  GSK-
1349572 OR Tivicay OR dolute-
gravir — Studies With Results
— Interventional Studies

Efavirenz OR EFV OR EFZ OR efavirenz,
R-isomer OR Sustiva OR L 743726 OR L-
743,726 OR L[-743726 OR L 743,726 OR
Stocrin OR Merck Sharp and Dohme brand
of efavirenz OR DMP 266 OR DMP-266 OR
dmp266 OR efavir OR filginase OR 1743726
OR efavirenz,S-isomer — Studies With Re-
sults — Interventional Studies
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