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THE CLINICAL PROBLEM

Immunosuppressive drug guidance after kidney transplantation (KTX)
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We need an ‘Iimmunometer’
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SOT: graft rejection AE: Infection, cancer
Al: remission? Onco: response?
Vaccination: response? Infection: outcome?

::, Immunosuppression

© Heinz Regele, the noun project
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Might Torque Teno virus (TTV) be such a tool ?

* Anellovirus (~20 TTV species in human)

* high prevalence: 90% healthy adults; ~99% (all?) patients on IS
« route of infection: (almost) any

« replication: everywhere (a lot in lymphozytes, hepatocytes)

* causes no disease

« viral control involves major (all?) immune compartments
« resistant to conventional antiviral therapy

« association w. immune-function (TX, Al, ID, Onco...)

© lookfordiagnosis
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What happens to TTV if we switch on IS?
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De Vlaminck et al., Cell, 2013 (Steve Quake, Stanford)
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Hypothesis

balance

TTV load
immunosuppression

High risk of rejection
| LowTTV load
J Lowimmunosuppression

High risk of infection
High TTV load
High immunosuppression

© University of Leiden
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Maggi ‘in-house’ qPCR
MEDICAL VIROLOGY (EUROFINS: TTVIWATCH: US 6/24)

TT virus (TTV) loads associated with different peripheral blood
cell types and evidence for TTV replication in activated
mononuclear cells

7
Fabrizio Maggi, Claudia Fornai, Lucia Zaccaro, Antonietta Morrica, Maria Linda Vatteroni, Patrizia Isola,
Santino Marchi, Angelo Ricchiuti, Mauro Pistello, Mauro Bendinelli 554

First published: 30 April 2001 | https://doi.org/10.1002/jmv.1035 | Citations: 69

Quantity: 200ul (also less) / swap

Type: plasma/ serum/ whole blood/ resp. material/ urine

CE-IVDR commercial gPCR
TTV R-GENE: EU 2022, US 20257

© bioMerieux
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TTV evidence in SOT: narrative review ,,,le

Cave: single center, non-interventional, study design limitations OF RO

@ A W

Rejection (~15 paper): ABMR, TCMR, BL-TCMR; late/ early, subclinical/ overt,
de novo DSA; adult/ pediatric

Infection (~20 paper): opportunistic/ all; severe/ non-severe

© pubmed; thenounproject Jaksch et al., Transplantation, 2022
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TTV POET trial — TTV predictive for infection/rejection in KTX

&

Design
prospective
single center

Method
TTV monitoring
‘in-house’ PCR

)

Cohort
386 KTX (Vienna)
consecutive 1/16 - 6/18

I

Outcome
primary: BPAR
secondary: treated infection

© the nounproject; Buro AGS

biopsy no rejection rejection
| |
event no infection infection
| |
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Post TX Month

Doberer et al., American Journal of Transplantation, 2020



Infection

adjusted OR 1.09 (95%Cl 1.04-1.14)

TTV preceded subsequent infection by 27 days

BKV pPVAN/ PVAN (consequence concerning IS) OR1.21 (95% CI1 1.06-1.39)
CMV viraemia/syndrome/organ (consequence concerning IS) OR 1.16 (95% CI 1.05-1.27)

Rejection o DEEE Gy ey
OR 0.78 (95% CI 0.62-0.97) e BT TR
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TTV preceded subsequent rejection by 14 days .,,,.. & g/am

Doberer et al., AJT, 2020
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TTV R-GENE® TTV Load (Log(cp/ml))

Sample Type=Plasma
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CUT- OFF? -> KNOW YOUR PCR!

12

,_.
o
|

o]
|

178 979'145 He@ - 207

27 48 369 61 212
; 93009 .

0 2 4 6 8 10 12 oo o e e e A A A i
InHouse TTV Load (Log(cp/ml))

Average(TTV R-GENE® ; InHouse) TTV Load (log(cp/mL))

Gorzer et al., Journal of Clinical Virology, 2022
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CUT-OFF?
TTV R-GENE (commercially available VDR CE marked)

REJECTION INFECTION
Diagnostic accuracy to detect rejection by TTV load Diagnostic accuracy to detect infection by TTV
TTVc/mL NPV PPV Sensitivity Specificity TTVc¢/mL NPV PPV Sensitivity’ Specificity
<8logl0  0.86 0.22 0.94 0.12 >8logl0  0.72 0.38 0.14 0.91
<7logl0  0.97 0.31 0.94 0.46 >710gl0  0.76 0.38 0.49 0.67
<6logl0  0.92 0.42 0.78 0.73 >6logl0  0.78 0.34 0.68 0.47
<5logl0  0.92 0.62 0.67 / 030? >5logl0  0.75 0.30 0.77 0.28
<4 log10 0.84 0.67 0.33 \ 0.97 >4 log10 0.65 0.28 0.89 0.09
N~N————

Gorzer et al., Journal of Clinical Virology, 2022
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TTV log10 copies/mL

EU HORIZON 2020 TTVguideTX project (TTV R-GENE)
IQC results 08/02/24: 1125 tests/ 13 labs; not fully automated

+3 5D

+2 5D

+{ 5D

Target

—{-

-1 5D

— i
_Il]__. :
ali

-2 5D

-3 5D

Gore et al., Journal of Medical Virology, under review
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TTV kinetic following IS start

TTV copies/mL
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Doberer et al., AJT, 2020
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TTV (log10 copies/ml)

TTV kinetic following CNI dose changes

-

_{

p=0.10

Tacrolimus level (ng/ml)

p=0.001
Day 0 Day 30

Day 60

TTV plasma load

TTV (log10 copies/ml)

10

T 1 ]
T
=
' p=0.50
p=0.09
Day 0 Day 30 Day 60

Tacrolimus level

Regele et al., Journal of Medical Virology, 2024

Tacrolimus level (ng/ml)



Case report #1; 23a, m, LD
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potentially one year time for intervention!
© Heinz Regele, the nounproject
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Case report #2; 67a, m, LD, ABOi

TTV ¢/ml % pneumocystis TAC ng/ml
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0 1x/y for 4 years: potential intervention no infectious event 0
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© Wikipedia, the nounproject
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TTV for non-adherence monitoring in KTX: AdTorque trial
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Electronic drug monitoring — MEMS® Caps + MEMS® Button
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Pharmacy Refill Records
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[ Quantification of Torque Teno Virus
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Haupenthal et al., under review
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HOW WE TEST IT

Clinical trial: compare dosing of immunosuppressive drugs
» Outcome: reduction in infection / graft rejection

~300 KTX RECIPIENTS
13 CITES

TTV GUIDED
/ group A

N

CONVENTIONAL

(DRUG LEVEL GUIDED)
group B



TAC DOSING

TTV R-GENE

TTV above optimal limit

) TAC TARGET: ONE STEP DOWN
>6.2log10c/mL

(one step =2 ng/mL)

ACTIVE /
INTERVENTION TTV within optimal range TAC TARGET: NO CHANGE

GROUP

TTV below optimal limit
<4.6log10c/mL

TAC TARGET: ONE STEP UP
(only if adherent)

CONTROL GROUP No TTV guidance 5 | TACTARGET/AGCORDINGTD

Haupenthal et al., Trials, 2023



The world according to Anelloviruses

G Adherence
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TTV load - response to SARS-CoV-2 vaccination in KTX

“i TTVc/ml  Sensitivity % (Cl)  Specificity % (Cl) PPV % (Cl) NPV % (Cl)
103 6.5 (1.2-20.7) 97.1(90.0-99.5) 50.0 (8.9-91.1) 69.8 (60.0-78.1)
Secondary analysis 100 NTX 104 25.8(13.7-43.3)  75.4 (64.0-84.0) 32.0(17.2-51.6)  69.3 (58.2-78.6)
RCT German multi-center 105 71.0 (53.4-83.9)  47.8(36.5-59.4) 37.9 (26.6-50.8)  78.6 (64.1-88.3)
108 93.6(79.3-98.9)  21.7(13.6-32.8) 34.9 (25.6-45.7)  88.2(65.7-97.9)
= 107 96.7 (83.8-99.8)  15.9(9.1-26.3) 34.1(25.0-44.5)  91.7 (64.6-99.6)
4
primary outcome: TTV levels > 6log c/ml = 4.6log (CE-IVDR PCR)
mRNA vaccine S1 IgGIIgA
‘in house’ PCR .
secondary outcome: .
IFGRA -> only 12% serological response (S1 IgG/IgA)
no cellular response (IFGRA)

© the nounproject; Biuro AGS Granninger at al., Journal of Clinical Virology, 2023
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TTV load associates with treatment response in RA
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Studenic P. et al., Rheumatolgy, 2022
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TTV load associates with ICU admission of SARS-CoV-2 infected patients

Variable N | Odds ratio P
( A) Outcome by TTV log10
Obesity 250 | - 328(1.32.807) 0010
: o _
Hepatitis 250 | —m—|7.82(126.4898) 0025 =
TimeSincelstSymptoms 259 | W 092(0.84.099) 0.040 §
: & ©
. E (=]
Temperature %9, ® 145(0.99.2.15) 0058 2
- 2
Q
Dyspnea 250 | +m- 2.10 (0.85,5.59) 0.120 5
: > o]
Oxygen 259 -I- 244 (1.06,584) 0039 _‘g Liessett
H a o~
TTV.above 250 | e 293(1.36,6.50) 0.007 S 7 }
age 2% | W 1.00 (0.97. 1.03) 0936 1 ; 1 R
: e |
. = T T T T T 1
soxe F102| B Referonce
. 0 2 4 6 8 10
M 157 - 165(0.74,392) 0235 v TTViog10
is 0240| W Reference
119 | —— 161(0.29.680) 0543
L]

Feghoul et al. (Paris), Journal of Medical Virolology, 2023
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Role of TTV 1n ovarian cancer

Strata TTVcounts=0 =+ TTVcounts=1
1.00 80 newly-diagnosed patients
>0.751 ) )
= _ progression-free survival (PFS)
®
0
o
2 0.501 univariate analysis multivariable analysis
© 2a. parameters
% p-value HR (95% CI) p-value HR (95% ClI)
=
D 0.251
Ln TTV PCR 0.002 1.23 (1.08-1.40) 0.021 1.18 (1.03-1.35)
0.00 - age at diagnosis (years) 0.054 1.03 (1.00-1.05) 0.147 1.02 (0.99-1.05)
(I) 1I2 2I4 3I5 4I8 BIO
Pl FIGO stage “4)"5' CACEREN 0001 258(1.62-4.08)  0.001  2.71 (1.48-4.96)
Number at risk
% 35 27 19 13 9 6 complete resection (R0) <0.001 4.45 (2.39-8.27) 0.004 2.71 (1.38-5.31)
& =-=| 35 29 14 7 5 4
0 12 24 36 48 80

Time in months

Stephan POLTERAUER

MEDIZINISCHE
UNIVERSITAT WIEN Abteilung fiir Gyndkologie und gynikologische Onkologie
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