PCT/CN2018/074138

WO 2018/137685

1/63

gNnup
»»w@.&wﬁﬁaﬁ

DANIBPD 1B BN
LOLHA-IN

1190 OdN

L "OId4

7

Ut~ OTT




PCT/CN2018/074138

WO 2018/137685

2/63

GEGT MR TYRITREEY A Amfmﬂﬁ»ﬁ%

¢ 'Old

gmc?ﬁ%ﬁ ,@x Wh G

m AR Y BRSE

J, Y BB SR P T

SIORUDY SN

oi

0oL
0001
o001
000001 -
0000001
BO0O0OLOL

dAs| pooig

¥NO ﬁ&g JO




PCT/CN2018/074138

WO 2018/137685

3/63

AQHCV AMHCV
VYNa Ag3 VYNa Ag3
ewse|d ewse|d
s|geloalep a|gelo9lep
Ajusisisiad Ajusisuel |
.................................................. .. | ON
444444444444444444444444444444444444444444 O.v

SR S Mw:::f::::x s v v o o e OO._”
——
PIo} LT
:ueIpaW Ul 3dUBYIJ
........................... O._”._”
A3ojoyied 3jgealasqo ou yum s1oalgns

(qw / saido))
UoIjBJjuUaouod YN Ag3 ewse|d

g€ "Oid

(=u) (e=u) (9=u) (6=u)  (5=U)

vNQ wNd
Ag3 ewseld Ag3 ewserd
000« J|qea)ep  slgesiep
&> (S Apuaysisiad  Anusisues
S 5 s
I ./A,u > OV ing ASojoy3ed
&/o..o &00 QOV 3|qeAISSGO OU Y3IM S393[gNnS
| | i | ;

—+0001

0T
v
00T o
3
Q
= m
m <
o >
>
0000T = &
3 0o
| -]
] ~ 0
1) Q
“4-00000T =
L
=
3

0000007

V€ "OId



PCT/CN2018/074138

WO 2018/137685

4/63

v "Old

BB DI TYBIIREIY IBIUBTY AR B g i e Ui SR 10 BUISEYd
Y BT S A M-I BRL-E0 4D SISAIBUY BAIEHIIRIL, 1 1B TIIUBG W A )

pasuBADyY

Aed

Eonol
£00001

£000001

£.0000001

{ursaido) wNQ

A BlusEld



WO 2018/137685
5/63

o s s ae

NPC patients

Persistently positive

E © o o o
S ® © ¥ «N

120

(Tw/sa1dod) ¥Dd awil-jeal Aq
UO11L43U30U0d YNQ AGT ewse|d

o

identified by

for plasma EBY DNA

screening

but no pathology

PCT/CN2018/074138

FIG. 5



WO 2018/137685 PCT/CN2018/074138
6/63

NPC
(N=34)

(N=275)

Persistently
positive

Transiently
positive
{(N=803)

{}{;i {}i
(jw /sa1dod)
UOIjejuUadu0d
VYNQJd Ag4 euise|d

FIG. 6



WO 2018/137685 PCT/CN2018/074138
7/63

: I : 33
3 : 3
: : EEE R A

IR E S
E : a0l 3

(N=32)

NPC

plasma
EBV DNA
{(N=14}

positive

Persistently

positive
plasma

EBV DNA
(N=26)

Transiently

(}{gi}i 3 ﬁtﬁ,
(jw jso1dos)

UOIRIIUDIUOD YN AL ewse|d

FIG. 7



PCT/CN2018/074138

WO 2018/137685

8/63

VYNQ Ag3 VNQ Ag3
ewse|d ewse|d
8|gejo8lep 8jgejo8lep
Apussisiad Ajjusisuel]

e
6]
—cfr—
=e)
2
N
PIo} €61
:UBIpBW Ul 93UBJa}IQ
C

A3ojoyied sjgealasqo ou yum s3algns

0] paddew sjuswibe.y
VYNQ ewse|d paosuanbas Jo uolpodold

G2c0'0 0200 GL00 0l00 G000 0000
(o4) ewse|d ul swousb Ag3 au1

g8 oI

(= (e=w) (9=v) (6=u)  (g=w)

vNd vNQ
Ng3 ewse|d png3g ewsed

/JO@ a|gejoelep  elqeosisp
R GO Apusisisiad  Anusisuen
§ & > S
O@/O./h..u O/Y OV 1nq ASojoyied
ov& S @Ov 3|qeAl35q0 ouU yum s133[gns

<

(o4) ewse|d ul swousb Ag3 au1

v8 "Oid

0] paddew sjuswibe.y
VYNQ ewse|d paosuanbas Jo uolpodold



PCT/CN2018/074138

WO 2018/137685

9/63

duiuaalos
Aq painuap!
sjuaned DdN

6 'Oid

A3ojoyied ou 1nq

VNQ Ag3 ewse|d Joy
aAIsod Ajjuaisisiad

T A
LA

I

s

LAY
iy

A7y
L

€0 = anjea-d

00

oL

GL0

go'o

(%) ewse|d ul swousb
Ag3 0} paddew speau jo uonuodoud sy



PCT/CN2018/074138

WO 2018/137685

10/63

0} OId

YL ISGRIESH RUD SO S MONOD F5RUND ¢ W suoumaey paiudinudosey 0] winishs
SuBous S/ B4 J0 SUDTDT UIURASS RUT YIKIS SUL uaamsy uosieduins ., 18 18 Buy 1

{sy3uows) suy
2L 0% B 8L W %4

Mww &wﬁm —— ;

R

&7 3
R

| 2dnys B

90

oA

5%

&%



WO 2018/137685

11/63

Screening cobort
0,174 subjeds

Detectable plasma EBY GNA
by POR at basgline {n=1, 113}
« 34 NFO patents
« 1, i} Bmm,&m oy auhisvts
:\-s raresiantly posilive’ rasulis
i persintently positive’ residlis

PCT/CN2018/074138

k

3

CHscovery of NPCaspeacifie

« 1QNPO ;}ﬁtw}\\

¥

molecuiar signatures the sereening cohont
of plasma EBV DNA {388}
{80} « 24 NG patietts

Pt

Validation in

oo« 158 wth Yransiently postie’

T3 with perdstendly positive’

+

+ 20 with ransiently positivg’ 1 ranuliy
results :
« 2 with ‘persigently positive’ . roesilis
resuiis ¥
H
Yalidalion in two ;
separate cohorts
i
-

Validation in
an indepeanderd cohont
{ns31}
» 31 NPC patients

FIG. 11



PCT/CN2018/074138

WO 2018/137685

12/63

¢l OId

9 ! ! Al
0T 9 [4 11
[4 9 [4 I
¢ LT S I
oge)s
Jowmng,
(40D
(z9-09) (rs —€v) (65 — 8t) (LS —LY) (95 - Lv) (§°09 - 05) (95 —05) | reah ‘o3
9¢ 0¢ €S €S 14 55 S¥s UBIPIIN
L 0 0 0 0 0 0 d
vC 14 €L 661 0l 4 4 W
x99
3 14 €L 661 0l 4 0¢ TequinN
VNd VNd VNd VNd
A€H ewseld AgH ewseld Add ewseld | AgH ewsed
110402 110402 aanisod aamsod 110402 aamsod aanisod
[eUIDIXd SuIU99IS Apuaysisiod Apuaisuen SuIU9IdS Apuagsisiod Apuarsuern
ue woiy oy} woiy yum spalgns | yum s30afgns oy} woiy ynm spalgns | yum soalgns
sjuoned DN | swdned DIN IOUBI-UON JOOUBI-UON syuaned HAN IOUBI-UON JOJUBI-UON
jose)ep UOTIBPI[BA 1ose)ep Alojerojdxyg




PCT/CN2018/074138

WO 2018/137685

13/63

{agmis 92 = W
sy [2313%00%]
RIS Busunnrngh
wausngssedd susEped

gLnul
YRE 283
BABSGGE ,

£ o3

$663 = 4
WU AGY
221508

> »
sS4, SRR iR

Apuersuray
B GEeRighs

OOt

19581Ep UOHEPI[BA

400G

{s-03%}
speed NG ASS nwseid jo uoiuododg

g¢€1L "Oid

452 o v}
WS A

{07 » 0}
YRS K85

BrIYROS RATHGHG
{61 wts} Bppsrongss et Aygseyavmy
YIIBIRS Py BN SRR BInEnY:
DM ABBIDR35GE SUNISO Y

Ve

4]

1aseIep Arojerojdxy

¥

{204 ¥}
SPRALFNA AQD swseid jo uoiuodogg

vEL "Old



WO 2018/137685
14/63

L L0 L0 1000 LO00D
{(o4,) ewsed ul awouab A8 oY3
03 paddew sjuawibely

YN ewsejd psausnbas Jo uoipodosd

Persistently

Transiently
postiive

PCT/CN2018/074138

NPC
{N=32}

positive
plasma

EBV DNA
{N=14)

plasma
EBV DNA

{N=28)

FIG. 14



PCT/CN2018/074138

WO 2018/137685

15/63

851 "9OId

ey Ipwadds
iy
Lot HpIGEIG
. d .....
-

R

Jos uoneplieA

{preusud e Agn o
paciders spews souogindoid sy}

Vsl "Oid

i04=d) iz T
Bt

Tret Ly
v s’ -

1 e

Y

Y

188 Buluies |

Ze

%

U

G

Ex2S

fepimuseid wswsuel agy @
poddauspea puaipndosd ayy



PCT/CN2018/074138

WO 2018/137685

16/63

91 "Oid

(rT=N) (6T=H) {a9=N) {0E=N}
m,?m syaaigng SIS OO
SoH SO A8H Auyiean

[IVISVSVIVISs VAT

WG VR SO0

L

PROLOD (O=0nBA-d 1188} 1 ASUBUM-UUEN
SISUI0 B4 OOH

{n5) s1uawiBey AN o ofirlusnisy



PCT/CN2018/074138

WO 2018/137685

17/63

Ll Ol

XIAI82 BD) yum syusied ui sjuswbel) WNQ AdH



PCT/CN2018/074138

WO 2018/137685

18/63

81 "Oid

NIO yum sjusped uj sjuswbely YNd AdH

fratava

W

7



PCT/CN2018/074138

WO 2018/137685

19/63

61 "Oid

DDSNH 8A+AdH yim spushed ul sjuswbel) VNG AdH

v




PCT/CN2018/074138

20/63

9LAdH

7
7 KL AIH
521 9L AdH
1 _ SGAdH
v 9TAdH

i’ ShAdH
[shuswdey adi AdH
AdH 30 ssguny

0¢ "Oid

140240

YLOWH
L1099
2TO%D
12149
SELY
5518y

sidwes

5

SHUDT Aujipal
S1043u00 AUlEaH
Sponuos ApoH
SIUDT AUIPaH
S103u00 AulEaH

oy Aipan
SIUDT AR a
S1043U00 AylEaH
SIUDD AUyeaH

Ay

WO 2018/137685

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \\%\

|041U02 AY3jeay Ul UOIII3I3P AdH




WO 2018/137685 PCT/CN2018/074138
21/63

e g %

3 oo S =

- @

ga

IER 3 ™~
O 5

T = : =

s

mm

Ex

e o . 9

- 2 BRI

o £ =
o

5 3 }

£ 9 .

le ‘g‘i f“"\

o~ § 4

QO + o

Sore

.

S X Rt S TR | SR LA 11 S

{0g) suwousB AdH &1 o3 paddew
suawiivg yNG wsed peausnbas (0 uoiodoid

FIG. 21



WO 2018/137685

2210

2220

2230

2240

2250

22/63

PCT/CN2018/074138

2200

Obtain biological sample comprising mixture
of cell-free nucleic acids, potentially including
nucleic acid molecules from a virus

Sequence nucleic acid molecules of
the mixture to obtain a plurality of
sequence reads

y

Receive the plurality of sequence
reads

l

Determine an amount of the plurality of
sequence reads aligning to a reference
genome corresponding to the virus

Compare the amount of sequence
reads aligning to the reference
genome to a cutoff value, thereby
screening for the pathology

FIG. 22



PCT/CN2018/074138

WO 2018/137685

23/63

£¢ 'OId

002 051 001 0%

i m m N

COBELMEL e
gipiEgL
swenedddN < ool 9L T L
SGeLMHEL

7472 % 2 1= | R
A3ojoyied sjqea1asqo ou yIm spalgng

{o,) Aouanbaiy



PCT/CN2018/074138

{3q) p7g
%3

oos 09

g reetiaaececedpe T

¥ "Oid

{8} pzig
oo s

e S TR RO PO

oz

{59} ozeg

b 25

L N )
Y o
z
2
- R HMN s mﬁv .
et B

AGE o

[F711% (TR

AB3
HBUDE e

{5} Anvtanban g

24/63

gAELNEL

osEinaL GLEEHEL

{05 UG {da) s

WO 2018/137685

e g 60} 04

05t

[§ 4 L3224

{24} Aouanbas

408 4%k 604 Gs
W\ \}\A\.ﬂ.\\a&\.\.\.\\\\\\\\!... o) 't i, meenerrrErtassaneevoossseder S0
M food \\ ey
2 2 7
8 £ i
/ % 2
; v % 2 i - s
H 6 2 ;
i M -~ i
H o] ~ 4
; & ) f
/ & 2 i
M o j74
M \wmm ........ \..vmw ........ .w.%u \wmm ...............
! 2731210 S oo ; 5TV S
MELBRE a LB s YERINE -

9L1¥as

fWLIYBL

743175



PCT/CN2018/074138

fdg) sms

peTA
b

SR
e

ewioydwAj

ASusnDRIy

=

Rodi

25/63

UP{SpPOoH

b Lt
AGZ e
UBRUOE] oo |
1561 481
togl aug {odugh gy
5474 758 Wi 69 174 e oL %

ewoydwA| ewoydwj

v
A

4
fo) Aduanbnig

99 1IN pw 192 1N b=
PEF e AGE e
UBIMOH e | A T

WO 2018/137685

££2% €El ZELL HRL

{u) Aovordeay



BHH36

Beues

WO 2018/137685

Joi3iiter
BY

-

S

o8

B
gy
Tiw

o

SRR e

560

150

350

56

A3
2 -
o4

P S

APues

TR

S

Human
3

o

L%
23
I

{80} AREnDRig

2

\
;

o

Sire {

oy

26/63

vy g

FF5G

BHORS

PCT/CN2018/074138

Al e

<2
~ 9RO
ol

1y

W

i72g

R¥a

& N
] -
& e ha
g_\A R
gty
R EY]
3
i
s R
i 5
¥
3 -~
P g 3

{35) Aovmbeag

Muman
EBY

Bize tbo}

i
2y

¥ 4 b 8
£33 Sosondien
-
- 55
&
o
e 2 -
e
= ®
£,
. o
¥ T
5 A2
N ¥
s
= Y
§ B
=2 {
fociiox} H
I i
i {
! d e
\':; W
; :

~ -

2
{4} Sxvanbig

W
foed

FIG. 26



WO 2018/137685 PCT/CN2018/074138
27/63

7

plasma

EBY DNA

Pacy
TS e
,,,,,, é"‘::

JRRPRREE

N
e
N S

e S

-

positive

QA

SRR

RS
RCECER Y

Persistently
FIG. 27B

LR A A

§
PRSIy

w
s

X
w8
¥
N
o
K
¥
¥
S
- x
YO RE
& &F

B

o)
&
S
&
2
A
o
Q‘: e

8

B o
U Y ;:x\\i&\i\'\'-“\

i Lo Sy

G_ R R N

RRRRRRRRERRN s o R

e 8w

B "“"“‘Ax\ ~ “‘} A

&
FIG. 27A




PCT/CN2018/074138
28/63

WO 2018/137685

8¢ "Ol4 vece "old

(g ong {da) sy
052 00z 051 004 0% 097 007 0G4 ooL 0%
: : ; o ; ; ; :

it
&
Ko
2o
&
&
4
L
w g g
Thdpd- A NG A _ DAl B YNNG AEE e .
Y] BRI e M : YIS BBMOEIIE e MUu

{25} Aouanboiy



PCT/CN2018/074138

WO 2018/137685

29/63

g6¢ ‘OId

, {22 =% 84 = Bt
g} b7 =} YR AR YR AT
Asoged A0 anp3acd snmsed
sEe s Bumensng} £ swaad SpusmsuTn
Sxupsi sRremned Wk s3oeiony Wus oefons
Ddtg 248 SRNBL IO AR IO
P v @
% % ]
{3 3 ,‘..ﬁv.
R
SRR e A
. —
O
é b -t
* p
& Ld
* %
.
%
”w
* .
. <
L 2
4
s
o B
® I

OHEY S4S YNQO AgGH

V6Z "Old

e w u}
VUG A5
BrRguEOt
{5y = 4l Aspramsand
ssBaed s sseluns

02w 3
YHG A3
BN
Asgrsossivedy
sk S1oskans

b A

Q

2

4z
cReY 3AY ¥YNG AGZ

Qg



WO 2018/137685 PCT/CN2018/074138
30/63

)

o
&

iy
P
K4
¢
o
¥
~
q, .

H H H 3 ; . i
o8 DL 08 08 Ov 0 02
(o) BUsE|d Wl dgq OgL Moeqg
sjuswbey YN AG3 jo ebejusolad sy

FIG. 30



WO 2018/137685
31/63
& oo
N
Q
o
1
Q
=
[
3
o
<O @ * e th O
3 H
0L 09 0% OF 0t

(%) ewse|d ul dq 0G| mo|aq
sjuawbel) YN Ag3 Jo abejuaolsad ay|

NPC patients

Persistently positive

PCT/CN2018/074138

identified by
screening

S -
Qo
29
o 2
w o
T
© o
EO
wn
o C
a +
=5
O_Q
[

FIG. 31



WO 2018/137685

32/63

PCT/CN2018/074138

N B 3
(§« i R e B So R i @

™

&%
&

R s < N
Hoo ofeth Beae e cononans #
H
H

NPC

Transiently  Persistently

O3 §Vi .§ S 5
SLUOSOINE O}
AST Jo onea 900870

positive

positive

FIG. 32



PCT/CN2018/074138

WO 2018/137685

33/63

(Te=N)

JdN

€€ oI

(FL=N} (9Z=N)
aanisod
Apuaisuely

aalusod
Apualsisiad

W

Wy

0 4
7

"9%6000°0 Ueyy Jajealb

g1 spesl psousnbas [je buowe
speal AgT Jo uoipodoid sy) sisym
saseo sjussaidal Jop Aelb sy

Y

+0
Xapui 9213

840

8¢



PCT/CN2018/074138

WO 2018/137685

34/63

gy "Old

A

RGO
Sapamenaes

$an

W

JOS uogeplfeA

o

]

o
)

¥t

(53

XOpU a2

VPE "Oid

Whotss yupd {5abf}

177 11 s e Al

Sovrcrcreroes. M cooocooceeest 4

; 3
) e N b st e dhssatred chde

v.\\\\\ . \\\t\ .\\\."\ \\\\\\\\\\\\\\\\\\ \
» _ :

Wx . E

198 Buiuiel |

R

O

FQ

food

&4

XSpU 8218



WO 2018/137685 PCT/CN2018/074138
35/63

slue;(é/éi;\%“;%'ig;’ﬁ;é%éfﬁi’siid auL g
"
= -

o -l o

(9%) Aousnbauid



PCT/CN2018/074138

36/63

9€ "Oid

{8 e
i04) vy w51 1 %
i @ / ’ 4 .
. g 374 5% P ER
S % . - [~
o g <
i =
it iy
£+3
-
%
& 3
s 3
/ B
i 7 #
y w Z
\\ 2
o £
e \
7
\\
-
o &

L

fr4 W3 95 %

%
o

7

X

%
Y

&
Y SRR §

&

2
Doy st

WO 2018/137685

XIAJ3D JO BUWIOUDIED

SURAT

UL

.m. s w s e
e laith e [T R Gyt o
SSGRLIEY  enrree s RIS, WS e | w., YIRS, rereee. ”



L€ Ol

SRS st . i
503 vy o8 fenh g ek vt

PCT/CN2018/074138
37/63

WO 2018/137685

Hel 253 (I % p )
e s 7 . o5 o s 2 [t
; A 2 ey g : ey g s
: & E % E:
; ral 4 s
7 ve
H 4 P
; " 5 B 3
: e 4 ¥ %
; 7 %
/ , "
ks 7
1 H
; H
H 7 7. & @
: 7 %\w - & &5 =
; H
H \ :
; 4 Ly : .
H ¢ S : -

iz g frac]

i sy

(2 i i3

oS

o
=4y "3
2 2 g %
Pt Z z 3
i ) Z f Z
2 % H 3
% &\ \w b2 o %
3 = i H 9
2 \ H 7
i - Pl iz %
2, % :
- 3 5 b2
Z Z P pot

B ¥
. sy G
- 1
...... Bt Grfdtd
—— SO e o »
i s N

Akl 2540
B b2 5

XIAI2D JO BUIOUIDIE)



WO 2018/137685

PCT/CN2018/074138

38/63

ey

koA k23 5
........ T S S S
s
2
R =)

r‘\o\

Jotrans, e P
o, 7 )4

o

%

R

2

&

¥

o

NNt

3

G fdt

e O S

g

RBGHEEL,

P
4

,v:\'\:\

3

g
v

{3 Avmnting

955

8& "Oid

7

BPSIUTL

ysy

P 4

Ghdfts
PR

LAY

4
=

e

38

o S¥

)
“
%
\\\\\\.\\.\z‘: o it poorierardis G
R 7 ok
3 2
% J
3 7 r
P H “
;
4 P
L 3
LS
~ i
. A

%

%

wr

88884

iekgh g

14 5238 (A2 o

BOPILLOLELIPILL OSSN ISIOI LN IPILLOLONIIFOL LN IP IO SO0 00000002y

0

BLadit o

¥

eLIOUiDIRD |}30 snowienbs yoau pue peay aaiisod AdH

ol
P

e

£+

N



PCT/CN2018/074138

WO 2018/137685

39/63

iday vhs

W

L

Whet3
st

2EAEBL

7

peroceesspasessits e &

L RoAntG ¢

6& "Oid

(5 9255

@iz €43

i
:

e
%

st

D93

iy ey

2

wh
&

e e
URIRY

AN

i s
(27

SHEIBBL

ida ws
v ot o

o223

BUIOUIDIED |[@2 snowenbs yoau pue peay aaiyisod AdH

W

G4




WO 2018/137685

4010

4020

4030

4040

40/63

Measure a size of a plurality of nucleic
acid molecules in the biological sample

l

Determine that the nucleic acid molecule
is from a reference genome
corresponding to a virus

l

Determine a statistical value of a size
distribution of the plurality of nucleic acid
molecules from the reference genome;

Determine the level of pathology in the
subject by processing the statistical value
against a cutoff value

FIG. 40

PCT/CN2018/074138

4000



WO 2018/137685 PCT/CN2018/074138
41/63

¥

:
age]

Frget

sucles

Fragmesis cosering @ of gpstregm
1oz nbslownstream of the target mucleotide

Cachorandd

Fragmenis covering the targel nuclpotide: & &, oodl 8 fand

2%

e+

i
w% A%

FIG. 41



PCT/CN2018/074138
42/63

WO 2018/137685

¥ "Oid

e gy

spusned OdN

AN

k?
&

k. K8

N

k ¢ ki S h

ATANEAY O

W
34

Mo S 7 i EtL Ll wy 7
TR @ -

5
3

oy 8

i
i

PO RRT

&

&8¢

%




PCT/CN2018/074138

WO 2018/137685

43/63

&V "OId

€8¢

juaned

A3ojoyled Aue
3dN 1043

Inoyum 103lgns

VNQ Ag3 ewsed Joj
suolyisod Sulpus uowwod 1sow Q0v



PCT/CN2018/074138

WO 2018/137685

44/63

¥y "Oid

s oWy 23D

\

i
555 % %1

s

i

“r B2

08 6 B

suoiysod g 398

suoIIsSOd v 198



WO 2018/137685

45/63

¢

H

0°¢

§EL
onel v/g

Gl

PCT/CN2018/074138

FIG. 45



PCT/CN2018/074138

WO 2018/137685

46/63

9% "OId

duiuaauds
Aq paynuap!
sjuaned DdN

A3ojoyied ou 1nq

VNQ Ag3 ewse|d Joy
anniisod Ajjuaisisiad

s

&

b L00'0 = anjea-d

&Q

ol

&l

og

onelv/d



PCT/CN2018/074138

WO 2018/137685

47/63

OdN

Ly "OId

aasod
Apusisisiad

B -

o
o,

..\\\\\\\\\\\\\\\\\ s
[

\.,

N

§ vvvvvvvvvvvvvvvvvvvvvvvvvvvv
7

v/

G0

.

0

Gt

pu-

LA g2

(LR

oljel pug



WO 2018/137685

48/63

8¢ ¥e [ 02 gl gl

(suonisod Jayjo 1e buipus
sjuawbel} 0} pazijewlou)
suonisod Buipua patis)alid
D9OH e buipus syuswbely

VNAd AdH ewseg|d

i

wy
I=
Q
(S
+—
Im
o
o
Y
5 c
2 © 5
U)Q"_,:
-I—'q-)u
C-Cq_)
L O Y4
s = C
C-—
[
a 9
Q

PCT/CN2018/074138

FIG. 48



PCT/CN2018/074138

g6v "Old

\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ mw \\\\\\\\\\\\ \\\\\\\\\\\ \\\\\\\ W, \\\\\\\\\ \\\\\\\\\\\ \\\\\\\\\\\\\\
Y \\\\\\\\\\\\\\\\\\ Wiy
I . B O P Yo
m\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ s @ el e \\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\ L s \\\\\\\\\\\\\\\\\
e \\\\\\\\\\ e \\\\\\\\\\\\\ \\\\\\ .

49/63

WO 2018/137685

\\ 4 \\ & \\ \\\.u\..\.c \\ A \\
e XL
i i TR gy ey W T U N Y
] ] i | | | ! | I M | m
dq 000°¢ dq 000'9 dq 000’y dq 000y dq 000’ dq 000"z 490007 4
. dq £68°L S

awoudd AdH DYl 10 S91BUIPIOCI BUWOUSD




WO 2018/137685 PCT/CN2018/074138
50/63

A\

Lbease:

. TAeRRRRAR AR IR

Lap g A, s

¥,

‘QQ\\\\\

ZZ

,;"r;;.w{'l ""/’f’/"-. i P

Z

%

Different coverage per HPV genome between CC and HSNCC

LBGB3IT e,

AR SRS ORRIRIRAAN o S DR "
SR SPE LIS EANS AR BTSSR

FIG. 50



WO 2018/137685

Differential abundance between C and HNSCC

PCT/CN2018/074138

51/63

XA QNRIDANY DIZIRMLIDN VR

T

_—

RN

W
~

oy
PSS

CaCerd MNSOC, normelized coverage

FIG. 51



PCT/CN2018/074138

52/63

WO 2018/137685

¢S 'OId

LSV

6957 Hal

DOSNH BAtAdH e
00071 doy

., et ronp,
~ - -~
P S e S

99z 992

- e
A e

7
£
H
/
H
!
:

sppereD

/
Xintdn el

\..\
-

6967 ua1
IDSNHE BAAGH

~.,

RO el

005 oL

-
e
s

e tsrrcrrrse

L5y

J VIR

SRYEHIED
_ wﬁmmu i)

o e,

.\\\\\\\\\ e, \.\\\ -
7 ; "
\\ ,\.\, ,w.
I I %
/ I !
ve | sz L
3 H H
y /
‘....‘.‘ p \,\
GRET HEL LRPREIRG
uumzf...wy%}&i L Kpds3 2h

. -
-,
n e
ks s

opT dop



PCT/CN2018/074138

WO 2018/137685
53/63

5300

Analyze cell-free nucleic acid molecules to
5310 ) ) SN

determine genomic positions in a reference
genome corresponding to ends of molecules

l

Determine a first amount of cell-free nucleic
acid molecules that end within one or more
5320 first windows associated with an ending rate
above a first threshold in subjects with the
cancer associated with the virus

Y

Compute a relative abundance by normalizing the first
amount using a second amount of cell-free nucleic acid
molecules that includes, a portion of which end at
positions outside the one or more first windows

5330

Determine the level of cancer in the subject
5340 by processing the relative abundance
against a cutoff value

FIG. 53
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6010

Perform a first assay to determine a first amount of cell-free

nucleic acid molecules aligning to a reference genome
corresponding to the virus

6020

6030

6040

6050

.

Perform a second assay that analyzes size

o~

Measure a size of a plurality of nucleic

6022 acid molecules in the biological sample

l

Determine a second amount of a size
6024 distribution of the plurality of nucleic acid
molecules from the reference genome

Compare the first amount to a first cutoff
threshold

|

Compare the second amount to a second
cutoff threshold

i

Determine the level of pathology in the subject
based on the comparing of the first amount to the
first cutoff threshold and the comparing of the
second amount to the second cutoff threshold

FIG. 60
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