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ABSTRACT

BACKGROUND Few options are available for Cytomegalovirus (CMV) treatment in transplant

recipients SSistant, refractory, or intolerant to approved agents. Letermovir (LET) is approved for

prophylaxiQtopoietic cell transplant (HCT) recipients, but little is known about efficacy in

CMV infecti conducted an observational study to determine the patterns of use and outcome

of LET treagent of CMV infection in transplant recipients.

METHOMWM received LET for treatment of CMV infection were identified at 13

transplant centersi)emographic and outcome data were collected.

RESULT%% solid organ and 21 HCT recipients (one dual) from 13 medical centers were
included. 45/4 6) were treated with other agents prior to LET and 57% had a history of prior
CMV disease. 77% were intolerant to other antivirals; 32% were started on LET because of resistance
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concerns. Among 37 patients with viral load (VL) <1000 IU/ml at LET initiation, 2 experienced >1log

rise in VL by week 12 and no deaths were attributed to CMV. Ten patients had VL >1000 IU/ml at LET

t

initiation, ahd 6/10 (60%) had a CMV viral load <1000 IU/ml at completion of therapy or last known

value. LET inued in 2 patients for an adverse event.

|
CONCLUSIQNS Patients treated with LET with viral load <1000 1U/ml, had good virologic outcomes.

Outcomes W€re ed when LET was initiated at higher viral loads. Further studies on combination

G

therapy or alternative LET dosing are needed.

S

INTRODUC

Disease calised by cytomegalovirus (CMV) remains a leading viral cause of morbidity and

U

mortality a organ transplant (SOT) and hematopoietic cell transplant (HCT). Available

n

treatment infection and disease (ganciclovir, valganciclovir, foscarnet, and cidofovir) have

two signifigan tions. First, antiviral resistance may develop during treatment and limit efficacy.

d

Uptol eronegative recipients of organs from CMV seropositive donors (D+R-) treated

for CMV in r disease develop ganciclovir resistance mutations. ™ Ganciclovir resistance is

\Y

less common in patients receiving ganciclovir or valganciclovir for prophylaxis, occurring in 1-3% of

patients w table exception of D+R- lung recipients, where resistance rates as high as 16%

3

3,5-8

have been In some cases, additional mutations at UL54 result in cross-resistance to all

agents that act at the CMV DNA polymerase.’ Outcomes associated with drug resistant CMV

infectio T recipients are poor, with longer time to viral clearance, increased mortality

1

and incr 4,10,11

[

ence of renal dysfunction compared to matched controls. Second, adverse

events may limit uSe of currently approved agents. Ganciclovir and valganciclovir have hematological

Gl

toxicities that reclude use in HCT recipients with baseline low blood counts. 2 Further,

decrease counts frequently complicate CMV treatment in SOT recipients, particularly in those

A

receiving other agents with hematological toxicity such as mycophenolate, trimethoprim-
sulfamethoxazole, and anti-thymocyte globulin. In addition, the renal toxicities of foscarnet and
This article is protected by copyright. All rights reserved.
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cidofovir are significant *+****

, and many patients at risk for complex CMV syndromes are already on
other nephrotoxic drugs such as calcineurin inhibitors, or have pre-existing chronic or acute kidney

disease.

Le\%ﬂ was approved for prevention of CMV infection/disease in CMV seropositive

H
HCT recipid@fts in 2017. LET prophylaxis was shown to be effective and well tolerated, without

significant @gical and renal toxicity, and demonstrated a possible beneficial impact on
mortality. ™ hermore, as LET acts at the level of the terminase complex rather the DNA

polymeras is expected against CMV isolates resistant to other agents.

Linm are available regarding the use of LET for treatment of CMV infection or

disease. Ar§ar y case report describes successful treatment of multi-drug resistant CMV with multi-

organ involve ith LET under a compassionate use protocol. *’ Since licensure of the drug, case
reports anﬁes show mixed results when SOT or HCT recipients with CMV infection or
disease ated with LET, and in a number of reports resistance developed rapidly leading to
treatm re. 9%

Degite this paucity of data, LET represents a potentially attractive option for the treatment
of CMV in certain situations. Thus, we conducted a multicenter observational study to better

understan erns of off-label use of LET for CMV infection or disease and subsequent

0UtC0mES.s

METHODS |

MEnsplant centers were approached and 13 centers interested in participating were
incIude{ET use in SOT and HCT recipients were reviewed for inclusion. The enrollment
time period va t each medical center. Initiation of LET was between January 2018 and January
2020. Standard definitions of CMV infection and end-organ disease were followed *’. Enrollment

criteria included receipt of an HCT or SOT and the use of LET to treat an established CMV infection.
This article is protected by copyright. All rights reserved.
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Subjects who were switched from another agent to complete therapy for an ongoing episode of
CMV infection/disease were included. Subjects in whom LET was started as primary prophylaxis or as
secondary pr laxis after a distant episode of CMV infection were excluded. Subjects were

excluded i d less than 7 days of LET or if poor adherence was suspected. Death was

pi

attributgd rectly or indirectly to CMV based on the clinical determination of the investigators at

£

each center

C

ARE survey was used to retrospectively collect demographic and clinical subject data

S

including t laft type, characteristics of the CMV episode, CMV treatment information, and

clinical, virologicaliand safety outcome information. Information was collected by investigators at

U

each site a d into the REDCap survey tool; data accuracy was not confirmed by the

I

coordinati or reviewed by more than one investigator at each site. Data analysis was

conducted(at ordinating center (University of Michigan). Institutional regulatory approval was

al

obtain rticipating site and the coordinating site.

ical failure was defined as follows:

M

1. oFor those with baseline CMV viral loads < 1000 IU/ml at LET initiation

[;

Increase of CMV viral > 1 log at any time while on LET treatment

e with baseline CMV viral load > 1000 IU/ml at LET initiation

o

a. Failure to achieve 1 log reduction of CMV viral load by weeks 2-4 using the latest

h

measurement available during that time interval
CMV viral > 1000 IU/ml at weeks 5-8 and weeks 9-12 respectively using the
latest measurement available during that time period

c. Failure to achieve viral load <1000 IU at the end of LET treatment

Aut

Clinical failure was defined as symptomatic worsening of end organ disease or CMV syndrome or
relapse of previously resolved symptoms while on treatment with LET.
This article is protected by copyright. All rights reserved.
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RESULTS

Baseline Piient a'd Center Characteristics

We d data on 47 patients from 13 centers. One center contributed 11 cases; all other

o

centersgonimibuted 6 or fewer cases. Baseline characteristics are described in Table 1. Of 47
subjects, Zhﬂ recipients and 21 were HCT recipients (one received both). Lung recipients
(including @ne kidaey/lung) represented just over half of SOT recipients, 14/27 (52%). 8/27 (30%) of

SOT recipieftts treated for organ rejection in the 3 months preceding LET initiation, and 19/27

SC

(70%) were CMV D+R-. The two most common indications for LET were Intolerance to other agents

U

36/47 (779 /47 (32%) proven antiviral resistance (more than one indication was present in

20 patients).

N

Characteri V Events and CMV Treatment

d

ribes the classification of the CMV event, genotypic findings, LET dosing, and the

use of additj tiviral treatments. End organ disease was present in 17/47 (36%) with the

Vi

gastrointestinal tract the most common involved site 13/17 (76%). In 8/17 (47%) end organ disease

had resolva@ at the time of letermovir initiation. Most patients received LET 480mg daily 41/47

3

(87%); 8/4 2ither had their dose increased above 480 mg (n=2) or started at a dose of 720mg

daily (n=6). WATE most patients received monotherapy with LET, combination therapy was used in 7

patients
Treatment tutcomes

Ta ribes the clinical outcome of the entire cohort stratified by baseline CMV illness

N

of seventeen with end organ disease were still symptomatic at the time of LET
initiation. Thirteen deaths occurred by last known follow up, including in 10/37 (27%) of those with

viral loads < 1000 IU/ml at onset of LET treatment. Only one of these deaths was directly attributable

This article is protected by copyright. All rights reserved.
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to CMV infection. Of the 3 deaths indirectly attributable to CMV disease two were due to fungal

infection and one was a consequence of renal failure after foscarnet treatment.

Fi cribe virologic outcomes in patients with CMV viral load below 1000
internatio at LET initiation. In this group, 29/37 (78%) were on active CMV treatment at
H

the time ofET initiation. The leading indication for LET was intolerance to alternative treatment

29/37 (78%)” Othefindications included documented or suspected viral resistance 8/37 (22%),

refractory infec 4/37 (11%), or a preference for oral therapy 7/37 (19%). In 11 patients, more
than one indigati

was present. In 34/37 (92%), LET was given as monotherapy. Only 1/34 (3%) of
patients w@ed on LET and had a viral load checked at 2-4 weeks had an increase in viral load
of greater t log. Of the 28 patients still on letermovir at week 5-8, all remained undetectable,
andonly 1 ho continued treatment to 9-12 weeks experienced a greater than one log

increase in. Reasons for stopping LET included completion of therapy 9/37 (24%), death

nt viremia 7/37 (19%), insurance issues 2/37 (5%), adverse event 2/37 (5%),

determinatio suspected resistance was not present 1/37 (3%). The remaining 9/37 (24%)
remained on LET at last reported time point. Over the course of 12 weeks, 2 patients experienced a

one log or Seater increase in viral load while on LET. No deaths were attributed to CMV.

Tades 10 patients with viral load > 1000 IU/ml at LET initiation. In no case was LET
the initial tr, for these episodes of CMV, and the median time from CMV diagnosis to
initiatiﬁ& days (range 10-318 days). In 6/10 cases LET was used as monotherapy. The
median WLET treatment was 16.9 weeks. In the 8 patients with a CMV viral load checked at
weeks 2-4 after |;s ation of LET, 4/8 (50%) experienced a 1 log reduction in CMV viral load. At weeks
5-8, 8 had iral load checked and 3/8 (38%) had a viral load < 1000 IU/ml. At weeks 9-12, 6
had a viral lo ked and 2/6 (33%) were less than 1000 IU/ml. Two additional patients who had

a viral load > 1000 IU/ml at weeks 9-12 received prolonged courses of LET monotherapy (19.4 and >

52 weeks) with subsequent CMV viral loads remaining below 1000 IU/ml. In one of these ten

This article is protected by copyright. All rights reserved.
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patients CMV LET resistance testing was sent and indicated UL 56 C325Y mutation associated with
LET resistance. LET course was completed in 8 patients with initial viral load >1000 IU/ml and of
these, 4 hal CMYV viral loads < 1000 1U/ml at the time of LET discontinuation. Overall, 6/10 had a

viral load at end of treatment or last known value.

H
Tolerabilityfand Safety

i

Overall LEwas well tolerated and was discontinued for a possible adverse event/drug

€

interactio nts (diarrhea which resolved with discontinuation in one patient and increase in

S

tacrolimus levels in one other). In 5 patients, the dose of tacrolimus was decreased during treatment

U

with LET t i the same target trough level.

DISCUSSIO

N

ThelFD a proved indication for LET is prevention of CMV infection and disease in CMV

a

seropo ipients. This paper describes the off-label use of LET in both SOT and HCT

recipients a demic medical centers. The most frequent rationales for off-label LET use in

\

descending order were intolerance to other available treatments, CMV resistance, and preference

for an oral @gent. In the majority of treated patients, low levels of DNAemia (below 1000 IU/ml) had

[

been achie valganciclovir, ganciclovir, or foscarnet at the time of initiation of LET. In this

0O

situation, pa on LET typically maintained a CMV viral load < 1000 IU/ml and progression or

developmett of worsening symptoms was uncommon occurring in only one patient. While 10/37

h

patients p died, this was largely due to other factors (e.g., relapse of leukemia in HCT

[

recipient) rather than direct or indirect effects of CMV infection. It is not known how much of this

Ul

success is due and how much is due to other factors, including reduction in

immuno sion, or spontaneous viral clearance. In contrast, in patients with CMV viral load >

A

1000 IU/ml at initiation of LET, success rates were lower. While both groups were heavily pre-
treated for CMV prior to LET initiation, the group with higher viral loads at LET initiation exhibited
This article is protected by copyright. All rights reserved.
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high rates of baseline CMV disease and resistance. Interestingly, 2 patients in the group with higher

viral loads at LET initiation that did not achieve viral load < 1000 IU/ml at 9-12 weeks did maintain

t

P

viral suppression with extended (19.4 and >52 weeks) courses of LET monotherapy. Overall, 4/8
(50%) pati LET was stopped had viral load <1000 IU/ml when treatment was

discontHu . Again, other interventions may have contributed to these outcomes.

£

w theViterature on off-label LET use is sparse and consists primarily of case reports or

G

small case series,'***> some larger case series describe successful use of LET when started in

5

patients wi ryfow CMV viral loads or as secondary prophylaxis. ***° An analysis of 70 recipients

from the phase Il fial of LET as prophylaxis after HCT with detectable CMV at entry noted similar

Ul

outcomes ¢ to study participants with no detectable CMV at LET initiation. *® CMV viral

Il

loads were low in this group (median 150 IU/ml, range 150-716). In a report of the French

compassiofiat ss experience with 80 HCT recipients receiving LET as secondary prophylaxis,

dl

4/80 (553 nced CMV disease (n=3) or infection without disease (n=1). > Only one patient

had a viral loa e the limit of quantification of the assay at LET initiation. Nonetheless, these

Vi

reports are consistent with the generally favorable virologic outcomes we observed when LET was

started in ggtients with CMV viral loads <1000 IU/ml. However, spontaneous clearance of untreated

[

30,31

low level C ia has been well described and the effect of LET in this situation is uncertain.

O

w t one-third of patients had documented resistance mutations, intolerance of

h

current reatment for CMV (largely renal toxicity of foscarnet or cidofovir and

{

hematologfe toxicity of ganciclovir) was the most commonly cited reason for using LET. LET is

generally well tolefiated, with discontinuation rates similar in placebo versus LET arm in clinical trials

3

and hemat or renal toxicity is rare. ** In the current series, only 2/47 (4%) discontinued LET

A

(one due to and the other due to drug interaction with tacrolimus).

This article is protected by copyright. All rights reserved.
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There is little information on the safety and effectiveness of alternative treatment strategies

including increased LET dosing or combination with other antiviral agents. The approved dose for

t

P

prophylaxis’is 480mg daily, but in this series, due either to refractory disease or disease in the retina
and concer g penetration, 8 patients received either initial increased dosing (720mg) or

had theﬁd e increased when disease was not responding. Currently there is no data to guide

1

dosing of letermgyir when used outside of the licensed prophylaxis indication. Combination therapy

was applie es and often used multiple drugs including CMV immune globulin and

C

leflunomidg whichflikely have limited activity. Due to the small numbers of cases involved and the

S

fact thatc n therapy and increased LET doses were often used in the most challenging

U

clinical sit ,we cannot comment on the relative effectiveness of these strategies. Of note, the

antiviral drllg maribavir is being developed specifically for resistant/refractory CMV infection with

[)

phase 2 da ed and phase 3 trial data pending analysis. *

d

ion described in this study is quite complex with multiple risk factors for complex

CMV syndro sistant virus, and poor outcomes. Lung transplant recipients are overall at higher

M

risk for CMV resistance and more severe disease, and represent under 7% of total SOT done in the

USA. ** Lur@ transplant recipients, however, were just over half the SOT recipients in this series. In

f

the HCT po haploidentical (non-cord) or cord blood recipients tend to have difficulty

O

controlling nd also accounted for over half of the HCT recipients in our series. Further, 27/41

(66%) of th@ recipients in this series had a previous episode of CMV infection or disease. Thus, the

h

high de st over a quarter of patients is not surprising, and likely reflects that clinicians

{

are choosing to use LET off-label in the most challenging situations when other options have been

Ul

exhausted.

A

This ad a number of important limitations. Different institutions used different CMV
assays and specimen types (plasma versus whole blood) that cannot be precisely compared across

centers. Furthermore, since undetectable CMV viral loads are often not obtained even after

This article is protected by copyright. All rights reserved.
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successful treatment due to increasingly sensitive CMV assays, we used a one log reduction by
weeks 2-4 and a CMV viral load < 1000 1U/ml at later time points to define virological success. In
additionH relatively wide interval of time points since different centers varied in how
frequently ads were assessed. We focused on an on-treatment analysis given the

complegtng ese patients and a desire to determine if in situations where patients were able to

continue tre:tmjt a virologic response was seen.

Insu , clinicians in transplant centers are using off label LET primarily for patients
intolerant mtant to available treatments. In situations where other less well tolerated agents
can be used to redfice viral load to < 1000 IU/mL, LET may be associated with favorable outcomes

when usedﬁdown” therapy. Our series suggests that in situations where viral loads cannot

be effectiv ed below 1000 IU/ml with other therapies, results are mixed. Randomized trials

are required td a irm these observations, and further research to determine the effectiveness and

safety ination therapy and/or higher doses of LET are needed to better understand how to
treat this chal g group of patients.
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Figure 1: Virological Outcomes Viral Load at Letermovir Initiation < 1000 1L/ ml

WL < 1000 at LET initiation
n=37

n=2, < 2 weeks LET
n=1, VL not cheded

¥

VL measured at week 2-4
n=34

N

V0L increase > 1 log VL no increase > 1 log
n=33

n=1
n=3, < 5weeks LET
n=1, VL not checked

VL measured week 5-8

n=28
VL increase > 1 log VL noincrease > 1 log
n=0 n=28

n=3, <9 weeks LET | \ /

VL measured week 9-12

n=25
VL increase > 1 log VL no increase = 1 log
n=1 n=24

LET=leter movir
WL=viral load

ut
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Table 1: Patient Baseline Characteristics

Characteristic

No. (percent)

Age, vy, wge)

56 (15-73)
Male sex Q 32/47 (68)
Race/etin igitymm—
Whiteh 35/47 (74)
Black < , 9/47 (9)
Asian c D 2/47 (4)
Other 1/47 (2)
Solid Organ Trans;nt
Lung 13/27 (48)
# 6/27 (22)
mfﬁ 2/27(7)
Liv 1/27 (4)
Other’ 5/27 (19)
Stem Cell Transplant (no autologous)
HapIo!enticaI (not cord) 5/21 (24)
Cord b 6/21(29)
Graft \Qst disease 11/21 (52)
Wmdeof CMV infection or disease 27/47 (57)
Clinical Indiation’or Letermovir®
Resist 15(32)
Clinic ctory 6 (13)
to other treatments 36 (77)
Oral agent préeferred 9(19)
Other (combination therapy desired) 1(2)
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CMV treatment at letermovir initiation*

(Val)ganciclovir 19 (40)
W 16 (34)

CMV i obulin 6 (13)

Lefln FTgem- 3(6)

Other I!!U cells, brincidofovir, intravitreal antivirals) 4 (9)

NoneO 8 (17)

CMV=cyto OVirus

!Includes 3 Hispafic persons

’One intestine, pancreas alone, 2 kidney /pancreas, 1 kidney/lung
*Twenty pati th more than one indication

*Seven patie or 3 treatments; in most cases these treatments were stopped at letermovir
initiation

77% 6/

Table 2: Cmtics of CMV Event and Letermovir Treatment

Characteris No. (percent)

CMV end o jsease (including all 17/47 (36)

proven/probable,

Pneumonia 4/17 (24)

GastrcStestinaI 13/17 (76)

Retinitj 3/17(18)
Othero 1/17 (e)

Ccmv syndi!me (solid organ only) 16/27 (59)

Resistancelﬁrovev)y genotyping) 17/47 (36)

uL97 3 15/17 (88)
uL54 4/17 (24)

g and route at initiation

480 mg’ 41/47 (87)

720 mg 6/47 (13)
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Intravenous 5/47 (11)
Oral 42/47 (89)
Letermovitonotherapy?’ 40/47 (85%)

four patic miss@eiend organ disease at more than one site (two lung and gastrointenstinal, one skin
and gastrolifitestinal, and one retina and gastrointestinal)

’two patienﬁ

720 mg
3combinati

intravitreal fos

(Y

pet/ganciclovir=1

sed from 720 mg to 960 mg, one from 480 mg to 960 mg, one from 480 mg to

y in 7 included (val)ganciclovir=2, foscarnet=2, CMV IgG=4, leflunomide=2,

Table 3: Clinic comes by Baseline CMV llIness Status
CMV Syndrome or DNAemia End Organ Disease
n=30 (64%)
n=17 (36%)
<1000 IU/ml >1000 IU/ml <1000 IU/ml >1000 IU/ml
at at LET start at LET start at LET start
LET start (n=4) (n=11) (n=6)
(n=26)
orsening 0 0 1(9%) 3 (50%)
LET
8(31%) 0 2 (18%) 3 (50%)
Death dires result of CMV 0 0 0 1
Death indir It of CMV 1% (3%) 0 0 2 (33%)
CMV=cyto rus; LET=letermovir; IlU=international units

known follow up

1

Death at Ia!(

2 . . . .

Two deaths due to ipvasive fungal infection, one as a consequence of renal failure due to foscarnet
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Table 4: Characteristics and Outcomes of Patients with CMV Viral Loads > 1000 IU/ml at

Letermovir Initiation

A |G Prior Day | LET LET | Othe | Mut | Vir | Vi | Vi | Viral Dura | Vi La
g | e CcmvV s indic | dos | r al ra | ra load tion ra | st
e treatme fro ation | e cMmv loa | I | wk 9- LET | kn
nts m agen d lo | lo 12 wks lo | o
c™M ts at ad | ad ad | w
\" used LE w w <1 | n
dia with T k k 00 | st
gno LET sta 0 at
sis rt 2- | 5- at | us
to 4 |8 LE
LET T
en
d
5| M (val)gan, 15 resis | 480 | (val) uL9 23 10 | 85 | 2939 19.4 ye | ali
0 fos tanc mg gan 7 85 97 | 25 s ve
€, qd; 4 5 7
toxic incr
ity eas
ed
to
960
mg
qd
2 | M (val)gan, 36 resis 480 | non uL9 20 N N NA 1.14 no | de
fos tanc mg e 7 00 | A A ad
e qd
6 | F (val)gan, 123 | toxic | 480 | non non 23 BL | 16 | BLQ 46.4 ye | ali
3 fos ity mg e e 50 Q 7 s ve
te able) qd
6 | F none | (val)gan, 318 | resis 480 | non uL9 18 | 47 | 46 | 4473 >52 N ali
5 fos tanc mg | e 7 27 | 88 | 62 (ongoi | A ve
e, qd 0 ng)
toxic
ity
M none | (val)gan 20 refra | 480 | non non 40 | BL | BL | BLQ 26.4 ye | ali
ctory | mg e e 00 Q Q s ve
, ad
toxic
ity
5 M none cdv, CMV | 49 resis 480 | non uL9 41 41 | 43 | NA 11.0 no | ali
1g8G tanc mg e 7 92 73 | 10 ve
e, qd 3 6 9
toxic
ity
M lung fos 10 com 480 | fos non 16 | BL | N NA 23 ye | de
(prob binat | mg e 00 |Q | A s ad
able) ion qd 00
ther
apy
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5| M| W | kid 97 none | (val)gan 286 | resis 720 | non uL9 43 N BL | NA >22 N ali
6 hi | ney tanc mg e 7, 18 | A Q (ongoi | A ve
te e, qd uL5 ng)
oral 4
prefe
rred
7 |F | W lung (val)gan, 77 resis 720 | CMV | ULS 99 | 59 | 11 | 7690 18 no | de
0 hi prov | fos, CMV tanc mg 1gG 4 40 50 | 00 ad
te; en), 1gG e qd, 00
Gl incr
prov eas
en) ed
to
960
qd
5 [ M| as Gl (val)gan, | 163 | resis | 720 [ cMv [ uLs | 16 | 70 | 12 | 5548 | 15.7 | no | ali
0 ia (poss | fos, mbv, tanc mg 1gG, 4 57 1 46 | (C325Y ve
n ible), CMV IgG, e, qd leflu LET)
retin i.v. gan, toxic nom
a i.v. fos ity ide
(prov
en)
IU/ml=inte units per milliliter; transpl=transplant; CMV=cytomegalovirus; LET=letermovir;
mut=muta week; NA=not applicable; Gl=gastrointestinal; (val)gan= (val)ganciclovir;
fos=foscar idofovir; IgG=immunoglobulin; mbv=maribavir; i.v.=intravitreal; qd=daily;
BLQ=below the [iMit of quantitation
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